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EDITORIAL 

MUSCULOSKELETAL ULTRASOUND IN CLINICAL 

PRACTICE 

Robert C. Manske, PT, DPT, Med, SCS, ATC, CSCS    
Michael Voight, PT, DHSC, SCS, OCS, ATC, CSCS, FAPTA 
Chris Wolfe, PT, DPT, OCS, Cert Dip PT 
Phil Page, PT, PhD, ATC, CSCS, FACSM

Point of care ultrasound (POCUS), musculoskeletal 
ultrasound (MSK-US), and rehabilitation ultrasound 
imaging (RUSI) are similar procedures that use a 
non-ionizing imaging and is becoming more  
inexpensive, portable, safe, and able to be used 
quickly.1-4 These modalities are commonly used in 
various medical disciplines to assess musculoskele-
tal tissues (bones, muscles, tendons, ligaments, 
nerves) as well as structures such as the heart, 
lungs, and bladder just to name a few. MSK-US  
primarily focuses on the structural integrity or 
characteristics of the neuromuscular system.  This 
would include viewing soft tissues for assessment 
of normalcy or abnormality. For example, viewing 
the supraspinatus for signs of swelling or a rotator 
cuff tear, or assessing the median nerve to measure 
swelling or size differences in those with carpal 
tunnel syndrome are commonly performed using 
MSK-US. RUSI is similar but includes the evaluation 
of muscle and soft tissue during exercise or move-
ment dynamically including its use for 
biofeedback.5-6 An example of RUSI include real-
time observation of spinal muscle (lumbar  
multifidus and transverse abdominus) activation 
patterns during exercise to facilitate improved neu-
romotor control.6      
  
The use of MSK-US in clinical practice has nearly 
quadrupled since the early 2000’s, mainly due to its 
use with non-radiologists.3,7,8 Its surge in popularity 
parallels research suggesting that MSK-US is accu-
rate and cost effective, with patients reporting 
greater satisfaction with MSK-US compared to mag-
netic resonance imaging (MRI).9-11    
 
Introducing Ultrasound Bites 
Ultrasound is becoming more widely recognized in 
rehabilitation as a valuable tool to objectively assess 
musculoskeletal structures and guide 
rehabilitation.6,12  The appropriate use of imaging is 
essential in all healthcare professions for accurate 
patient diagnosis and management as well as opti-
mizing the use of healthcare resources.13 It should 

also be stressed that mistakes made by inadequate-
ly trained operators could jeopardize a patients’ 
wellbeing by delaying treatment for life threatening 
conditions.14 Because of this, the International 
Journal of Sports Physical Therapy (IJSPT) Editorial 
Board thought it important to educate readership 
with common tips to view various musculoskeletal 
structures. Starting with the long head of biceps 
tendon in our last issue,15 subsequent issues of 
IJSPT will include a section entitled “MSK 
Ultrasound Bites: Tips and Tricks.”  Each month, a 
new structure that can be assessed with MSK-US 
will be thoroughly described, including normal and 
pathological structure findings with clear and con-
cise guidelines describing probe placement and 
findings. As can be seen in a corresponding study 
in this issue, many therapists are utilizing MSK-US 
clinically.16 In addition, our clinical commentary 

Robert Manske Michael Voight

Phil Page Chris Wolfe



this month provides an overview and introduction 
to the clinical use of MSK-US for rehabilitation, diag-
nosis, interventions and research. We believe that 
its use will continue to evolve as physical therapists 
become more adept at using this skill to propagate 
care beyond the traditional  
examination.16  
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MSK ultrasound is a valuable imaging technique which has become increasingly popular 
in recent years. This efficient technique proves beneficial in a variety of ways. MSK 
ultrasound effectively streamlines the process by enabling practitioners to securely and 
accurately image and assess structures all in one simple step. By allowing healthcare 
providers to access critical information quickly and conveniently, MSK ultrasound can 
help identify conditions early when interventions are most effective. Moreover, it may be 
able to shorten diagnostic times and reduce costs through more cost-effective use of 
resources such as imaging and laboratory testing. Furthermore, MSK ultrasound can 
provide additional insights into musculoskeletal anatomy and help improve patient care 
and outcomes. In addition, utilizing this method reduces exposure to radiation and 
provides enhanced patient comfort with its quick scan duration. MSK ultrasound has a 
high potential to provide quick and accurate diagnosis of MSK disturbances when used 
correctly. As clinicians become more comfortable and familiar with this technology, we 
will continue to see its use expand for various MSK assessments. In this commentary 
we’ll explore how ultrasound can be used in physical therapy, specifically for 
musculoskeletal assessment. We’ll also look at some of the potential benefits and 
limitations of using ultrasound in PT practice. 

BACKGROUND 

Point of Care Ultrasound (POCUS) is commonly used in var-
ious medical disciplines to assess structures quickly and 
conveniently such as the heart, lungs and bladder. Mus-
culoskeletal (MSK) ultrasound (US) is quickly growing as a 
non-invasive and safe manner of assessing musculoskele-
tal structures (bones, muscles, tendons, ligaments) without 
the need for expensive or potentially harmful studies such 
as radiograph or MRI. 

MSK-US provides clinicians with a “window” through the 
skin to examine different tissues including muscle, bone, 
tendon, and ligament. In addition to structural integrity, vi-
sualizing inflammation using MSK-US may support a phys-
ical therapy diagnosis and guide appropriate physical ther-
apy interventions. While physical therapists (PTs) are 
familiar with “therapeutic” ultrasound, MSK-US is not 
widely used by PTs. The earliest publications of MSK-US 
use by PTs were in the 1980s, focusing on the quadriceps 
muscle to describe its size.1,2 In the 1990’s, researchers and 
clinicians at the University of Queensland identified the 
activity of the deep multifidus and transverse abdominus 
muscles in relation to other abdominal muscles in patients 

with lower back pain.3,4 They discovered that the multi-
fidus was atrophied and the transverse abdominus muscle 
was delayed in activation in patients diagnosed with lower 
back pain; they subsequently used MSK-US to provide visu-
alization of patients for real-time feedback during rehabil-
itation.5 More recently, researchers reported high levels of 
agreement when PTs using MSK-US were compared with ra-
diologists on 40 cadaveric shoulders.6 

“Rehabilitative” ultrasound imaging (RUSI) was the term 
initially used to describe its use in evaluating soft tissue 
structures during tasks.7 Since then, 4 categories of ultra-
sonography have been identified in physical therapy: di-
agnostic, rehabilitation, interventional, and research ultra-
sound.8 Because these categories were only recently 
described, the terminology used in the literature may not 
be consistent; therefore, this review will follow the descrip-
tions provided by Whittaker et al.8 In general, POCUS con-
sists of diagnostic, rehabilitative, and interventional US; 
research US is used for scientific purposes: 

Diagnostic US: diagnosis and monitor pathology 
(haemarthrosis, sprains, strains, healing stage, lesions, dis-
ease) 
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Rehabilitative US: evaluate muscle and other soft tissue 
structure and function (including biofeedback) during 
physical tasks 

Interventional US: guide percutaneous procedures in-
volving ‘dry’ (acupuncture) or ‘wet’ needling (injection) 

Research US: measurement; explore muscle and soft tis-
sue structure and function; develop and evaluate screening 
tools and interventions 

DIAGNOSTIC MSK ULTRASOUND 

Although PTs do not make medical diagnoses, they evaluate 
pathoanatomic structures in making a physical therapy di-
agnosis. Identifying structural lesions beyond the physical 
therapy scope of practice (such as a fracture) allows the PT 
to refer patients to appropriate providers if needed quickly. 
MSK-US has been shown to be a cost-effective measure in 
diagnosing structural pathologies.9,10 

For some MSK conditions ultrasound has been proven 
to be equal to or better than MRI for accurate diagnosis 
of meniscal injuries,11 ACL and PCL injuries,12 Achilles 
tendinopathy,13 peripheral nerve injuries,14 lateral epi-
condylitis,15 thumb ulnar collateral ligament injuries,16–27 

identifying rotator cuff tears,16–27 and supraspinatus le-
sions.28,29 There are several types of MSK injuries that US 
may not be comparable to MRI that include distal biceps 
tendon avulsions,30 plantar plates.31 MSK-US has also been 
used for the evaluation of acute athletic injury.32,33 

Interest is gaining in US’s ability to view muscles both 
statically and dynamically.34–40 Dynamic US protocols have 
been published by an international group of experts to help 
clinicians evaluate structures while recording video during 
real-time patient examination to improve their under-
standing of their diagnosis.41–44 Dynamic ultrasound al-
lows for real-time visualization of structures as they move 
in relation to other structures. For example, the movement 
of adjacent fascial layers can be evaluated during active 
muscle contraction to assess fascial mobility. Muscle archi-
tecture can be examined under contraction or relaxation for 
deficits. 

One of the more unique properties of MSK-US that can 
be used to assess musculoskeletal pathology is use of 
Doppler imaging of blood flow. This utilizes the Doppler ef-
fect which describes the change in frequency of the sound 
wave that is seen as an object moves closer to (toward) or 
farther (away) from the transducer. The amount of move-
ment can be seen as the Doppler shift that can be picked up 
on an US image using color enhancement. In diagnostic US 
this is usually used to determine the presence or absence 
of blood flow, seen with issues like deep venous thrombo-
sis after musculoskeletal injury to the lower,45–48 and up-
per extremities,49 or even vascular supply to joints).50 Color 
Doppler imaging is also useful in detecting effusions51 and 
musculoskeletal inflammation such as soft tissue hyper-
emia.52,53 

REHABILITATIVE MSK ULTRASOUND 

RUSI is used to provide real-time feedback for physical 
therapy patients. As mentioned previously, real-time US 
can be used for patient feedback in re-training activation 
of the transverse abdominus muscle in patients with lower 
back pain.5 RUSI has been used to assess muscle function 
in screening athletes for injury risk (Hides 2016, 2017).54,55 

Other rehabilitation applications include pelvic health for 
urinary incontinence.56,57 

INTERVENTIONAL MSK ULTRASOUND 

Physical therapists can integrate MSK-US into their inter-
ventions to guide treatment. Silleves et al.58 reported a case 
of a runner with plantar fasciitis managed with MSK-US 
imaging to guide decision-making for optimal treatment 
location and progress. As dry needling has increased in 
popularity among PTs, the use of MSK-US to assist with 
needle placement has slowly grown59,60; however, the au-
thors of one study suggested there is no additional benefit 
to using US-guided dry needling with PT in chronic neck 
pain patients.61 

Typically, interventional MSK-US is performed by prac-
titioners giving injections. While outside the scope of prac-
tice for most PTs, MSK-US provides for accurate placement 
of needles for injection of anti-inflammatory medication or 
during prolotherapy. Recently, the technique of “hydrodis-
section” has been introduced in musculoskeletal medi-
cine.62–64 During hydrodissection, MSK-US is used to guide 
hypodermic needles into muscle and fascia to inject saline 
while breaking-up adhesions and facilitating fascial mobil-
ity. 

RESEARCH MSK ULTRASOUND 

MSK-US is also used as a measurement tool for soft tissues 
in research. In the past, instruments to measure muscle 
mass included bioelectrical impedance, dual X-ray absorp-
tiometry, computed tomography, and magnetic resonance 
imaging. The use of MSK-US appears to be a simple, fast, 
safe, valid and reliable way to measure both muscle and 
tendon length and thickness.65–71 In addition to length and 
thickness, MSK-US can also be utilized to assess fascicle or 
pennation angles.72 

Muscle thickness can be quantified to represent muscle 
contraction. A systematic review in 200973 suggested that 
MSK-US was a valid measure of trunk muscle activation and 
size during submaximal isometric contractions. Recently, 
fascia muscle thickness has been measured with MSK-
US.74–76 Tissue stiffness can be measured as well, including 
tendon stiffness and overall tissue tension. Shear wave 
elastography, for example, has been shown to be a useful 
measure of quadriceps tendon and muscle stiffness.77–81 

Pressure applied with the transducer is compared to the 
movement of the tissue on the ultrasound, and the tissue 
stiffness is quantified with a color map. 
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Table 1. Musculoskeletal ultrasound echogenicity spectrum     

Anechoic Black Fluid Blood vessels or swelling/inflammation 

Hyaline 
Cartilage 

At end of long bones, surrounded by bright white periosteum 

Hypoechoic Grayscale 

Fat Hazy streaks below skin 

Muscle Fasciculated/ speckled hypoechoic with hyperechoic striations, encased by 
bright fascia 

Tendon Linear striated hyperechoic at ends of muscle inserting into bone (fibrillated 
in long-axis) 

Hyperechoic White 

Nerve Hyperechoic “starry night” appearance 

Ligament Linear Striated hyperechoic surrounding ends of bones at joints 

Cartilage Articular cartilage at end of bones includes anechoic periosteum 

Fascia Bright white, surrounding muscles 

Bone Bright white line with acoustic shadow at bottom of image 

As stated previously, MSK-US can be used to quantify 
blood flow in arteries and resultant hyperemia of tissues. 
Many physical therapy interventions purport to increase 
blood flow to the treated area. Arterial blood flow can be 
quantified with MSK-US by vessel diameter and pulse flow 
during exercise or after interventions.82,83 

MSK-US TECHNOLOGY 

To perform musculoskeletal ultrasound, the therapist will 
require an ultrasound sonography device that includes an 
appropriate transducer. Generally, US transducers are clas-
sified as linear or curvilinear for superficial and deep tissue 
sonography, respectively. Some devices such as the But-
terfly IQ (Burlington, MA) use a single transducer capable 
of both superficial and deep sonography. The transducer is 
the component that converts electrical energy into sound 
waves. Piezoelectric crystals within the transducer produce 
the piezoelectric effect that allows ultrasound waves to pro-
duce an image on the screen of the device. A soundwave is 
created that is sent to the tissue, which is returned to the 
transducer. 

Various frequencies of sound waves are used depending 
on the depth of the tissue of interest. Most diagnostic US 
devices have pre-modulated settings depending on the tar-
get tissue. Musculoskeletal tissues are generally more su-
perficial, thus using higher frequencies, while deeper struc-
tures, such as the abdominal organs require lower 
frequencies for best visualization. The sound waves are ei-
ther reflected to the transducer, absorbed by the tissue, or 
refracted. Ultrasound waves that are reflected from tissue 
create an “echo” that returns to the transducer, where the 
echoes are electronically transformed into digital images at 
various shades of black and white. The level of reflection 
(and thus color) is known as “echogenicity”. 

ECOGENICITY 

Ultrasonography measures the amount of echo from sound 
waves produced by the transducer at specific frequencies. 

Ultrasound “echogenicity” is defined as how bright muscu-
loskeletal structures appear on an ultrasound image rela-
tive to other structures. Musculoskeletal tissues viewed on 
US will be either normal or pathologic tissues, and each 
displays a varying level of echogenicity. Structures run the 
gamut from hyperechoic (brighter) or hypoechoic (less 
bright) on imaging. Structures that are viewed as hyper-
echoic or echogenic are high in collagen content such as 
bones, normal healthy tendons, or certain calcifications in 
soft tissues. Nerves are hyperechoic and appear as a ‘starry 
night’ pattern on cross-section. A hypoechoic structure is 
one where the viewed structures appear darker (less white 
than hyperechoic structures). These structures could in-
clude fat, masses, cysts, or inflammation. A structure that 
is totally black is termed anechoic and usually represents 
fluid. For example, blood vessels appear as round, black cir-
cles in cross-section. Lastly, a structure is termed isoechoic 
when used to describe similar echogenicity of surrounding 
tissue. Table 1 provides an ‘echogenicity’ scale of tissues 
and Figure 1 is a general schematic of different layers of tis-
sue viewed with ultrasound. 

SONOGRAPHY TECHNIQUE 

Generally, a gel is used to promote transmission of sound 
waves to and from the tissues. This is done to couple the 
transducer with the body part so that air is not located be-
tween the skin and device. When air is introduced between 
the patient and the transducer the sound waves are more 
easily reflected away from the structures of importance re-
sulting in a poorer image. Ultrasound gel pads can also 
be used as an interface between the transducer and bony 
prominences to minimize artifact. 

Clinicians must have a keen knowledge of regional 
anatomy and palpation skills to ensure proper position of 
the transducer over the target tissue. The transducer should 
be held perpendicular to the skin with the indicator di-
rected proximal and/or lateral; this standard positioning 
orients the examiner with the image. Most commonly, MS-
US views can be viewed in either a short axis (transverse) 
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Figure 1. Schematic representation of echogenicity of various structures with musculoskeletal ultrasound.           

or long axis (longitudinal). The short axis (SAX) is per-
formed through the transverse plane of the intended tissue, 
while the long axis (LAX) is performed along the longitudi-
nal length of the tissue (See Figure 2). When possible, it is 
best to visualize both to get an accurate representation of 
the entire tissue. 

Figure 2. Ultrasound transducer position in the      
transverse short axis (left image) and in the         
longitudinal long axis (right image)      

Proper technique and adequate technology are essential 
for an accurate diagnosis. Improper technique can lead to 
artifacts, which can lead to an inaccurate diagnosis. A 
unique artifact in MSK-US is “anisotropy” where tissues of 
fibrillar structure, such as tendons and ligaments, have re-
duced ecogenicity based on the angle of the transducer. 
This can result in mistaken interpretation of pathological 
defects. 

EDUCATION & TRAINING 

Although access to diagnostic ultrasound equipment has 
improved in cost and convenience, the ability to perform 
and interpret MSK-US requires training and experience. 
The use of MSK-US in PT practice is supported by the Amer-
ican Physical Therapy Association (APTA) and is generally 
not prohibited by state regulations; however, reimburse-
ment may be denied unless the PT is credentialed to per-
form diagnostic ultrasound as a certified and registered 
MSK sonography practitioner (RSMK-certified). 

Several companies provide education and training on 
MSK-US including virtual and hands-on courses, while 
some manufacturers such as Butterfly IQ (Burlington, MA) 
provide instructional videos. SonoSim (Santa Monica, CA) 

1. Skin 
2. Subcutaneous fat 
3. Superficial fascia 
4. Deep muscular fascia 
5. Muscle 
6. Deep muscular fascia 
7. Nerve 
8. Vein (smaller) and Artery 
9. Tendon 
10. Ligament 
11. Bone 
12. Hyaline cartilage 
13. Articular cartilage / joint space 
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provides an affordable and portable POCUS simulation that 
includes a ‘dummy’ transducer to provide both didactic and 
psychomotor skills needed for MSK-US. Several excellent 
textbooks are available specific to MSK-US as well.84–86 

CONCLUSION 

Physical therapists have an opportunity to embrace tech-
nology and integrate MSK-US into their practice. Emerging 
research continues to support its use in PT for a variety of 
patients, including diagnosis, treatment, and research. 
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INTERNATIONAL PERSPECTIVE 

LEADERSHIP PRACTICE IN SPORT AND EXERCISE 

Medicine – from diagnosis to dialogue 

Philip Glasgow, PhD, PT 
Irish Rugby Football Union, Dublin, Ireland 
School of Sport, Ulster University, Newtownabbey, UK 

Leadership advice is everywhere. 
Across social media platforms, in 
formal teaching environments, and 
a large number of industries we 
are bombarded with courses, pod-
casts, books, and conferences 
telling us how to be a great leader. 
But what does it mean to lead well 
in sport and exercise medicine? 
How can we demonstrate leader-
ship in inter-disciplinary teams to 
support athlete performance and 
promote wellbeing? What skills are 
required to lead complex discus-
sions on athlete availability? 
 
More Than the Sum of The 
Parts? 
Models of leadership often describe expert leaders 
and provide an inventory of competencies. The 
inference is that if we can just develop these com-
petencies, we too can be great leaders. Is accumula-
tion of competencies the key to leadership develop-
ment or is this approach missing important ele-
ments of what it means to lead?  
 
We are all familiar with the Diagnostic Approach to 
patient management. The expert practitioner 
assesses the patient, diagnoses the issue, and pre-
scribes a particular intervention. Here the focus is 
firmly on the expertise of the practitioner with little 
attention given to the role of the patient. Similar 
trends are seen in popular leadership literature; the 
expert leader with unique insight is able to identify 
problems and “fix” failing teams or companies. The 
problem with such leadership (and practitioner) 
hagiography is that it belies what we all know intu-
itively – it’s not that simple. 
 
While deterministic models of thinking that reduce 
uncertainty and promote greater consistency of 
approach can be attractive, they are less applicable 
when dealing with complex issues.1 In an increas-

ingly VUCA (Volatile, Uncertain, 
Complex, and Ambiguous) world it 
is necessary to interact with and 
respond to our environment rather 
than trying to impose our views. 
As leaders we are often faced with 
complex decisions involving per-
sonal, physical, social, and cultural 
factors.  
 
The Gestalt proposition that ‘the 
whole is more than (or something 
altogether different to) the sum of 
parts’ succinctly expresses the con-
cept that it is not possible to 
describe leadership purely in terms 
of the performative aspects of cer-

tain skills but rather as a phenomenon in and of 
itself that occurs as a consequence of the interac-
tions of a group of people within a specific setting. 
Decontextualising leadership competencies from 
the specific interpersonal situation is like removing 
individual clinical skills from the clinic. Expert lead-
ers are not an agglomerate of physical or mental 
traits, as noted by Araújo and Davids,2 but “active 
individuals engaged in ongoing dynamical transac-
tions with their functionally defined environ-
ments.” 
  
Just as accurate performance of a clinical skill in 
and of itself does not constitute the individual as a 
healthcare practitioner, so the presence of certain 
leadership skills doesn’t make you a leader. Rather, 
it is the ability to execute this skill in concert with a 
range of other skills in the moment (i.e., with the 
patient or team) that determines its effectiveness.  
When executed out of context and without the 
accompanying expression of other components, a 
skill ceases to be of any inherent value. It is possi-
ble to have a specific skill and be unable to use it; 
as Harrison observes, “possession does not equal 
use.”3  
 

Philip Glasgow, PhD, PT



Moving From Diagnosis to Dialogue 
I propose that the Diagnostic Approach to  
leadership is better replaced with a Dialogic 
Approach that views leadership as an ongoing inter-
action within a given socioecological context.4 This 
important shift makes leadership less about the 
leader and more about the team. Where the leader 
seeks to better understand the individuals, the 
issue, and the context while working collaboratively 
to identify and enact the best solution; all the time 
enabling and empowering those in their team. For 
example, leading a performance team to agree how 
best to support an athlete’s preparation for a major 
championship will require a nuanced understand-
ing of the athlete’s injury history, performance 
goals, and playing style as well as an appreciation 
of the skills of each team member, the prior experi-
ence of the athlete, and the effectiveness of previ-
ous models of support. The role of the leader here 
is to ensure all the relevant information is shared, 
key points highlighted, and to facilitate discussion 
that achieves consensus on how the plan will be  
implemented. 
 
Learning to Lead Well In Complexity 
Leaders have been described leaders as sense- 
makers who help teams frame and facilitate 
responses.5 The best leaders I have worked with 
have consistently demonstrated the ability to blend 
science and art to embody expert practice that 
works “in the moment.”  Rather than focusing sole-
ly on developing a list of so-called leadership  
competencies, leaders are encouraged to consider 
how they might enhance the quality of dialogue 
with their environment. This includes taking time 
to reflect more deeply and discuss relevant factors. 
Sharing stories and learning to attend to what is 
really going on will help us respond to, and lead 
more effectively in, an increasingly complex world.  
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This clinical commentary will address five key concepts that can be used by clinicians as 
criteria for selecting lower extremity weight bearing exercises (WBE) and non-weight 
bearing exercises (NWBE) employed for cruciate ligament and patellofemoral 
rehabilitation. The following will be discussed for both cruciate ligament and 
patellofemoral rehabilitation: 1) Knee loading varies between WBE and NWBE; 2) Knee 
loading varies with technique variations within WBE and NWBE; 3) Knee loading varies 
between different WBE; 4) Knee loading varies as a function of knee angle; and 5) Knee 
loading increases with increased knee anterior translation beyond toes. 

CONCEPT #1: KNEE LOADING VARIES BETWEEN 
WEIGHT BEARING EXERCISE (WBE) AND NON-
WEIGHT BEARING EXERCISE (NWBE) 
CRUCIATE LIGAMENT REHABILITATION 

Regarding ACL loading between WBE and NWBE, peak ACL 
strain and tensile loading is greater in NWBE seated knee 
extension than most WBE.1–11 For example, performing 
stair climbing, forward lunging, and a leg press type exer-
cise with 40% bodyweight resistance all produced less ACL 
strain compared with performing a seated knee extension 
with no external resistance.4,9,10 Interestingly, performing 
a NWBE seated knee extension with no external resistance, 
produced the same amount of ACL strain compared with 
performing a one leg sit-to-stand or stair climbing WBE, 
with WBE being more effective in recruiting important hip 
and thigh musculature that help stabilize the knee and pro-
tect the ACL.4,10 For NWBE, peak ACL loads have been re-
ported to be 158 N at 15º knee angle for the 12-RM isotonic 
seat knee extension and 254-396 N at 35-40º knee angles 
for the isometric and isokinetic seated knee extension.4,11 

These are higher than peak ACL loads during WBE, includ-
ing 0-28 N at 25º knee angle for the bodyweight squat and 
12-RM barbell squat, 0 N for the 12-RM leg press, 59-142 
N at 30º knee angle for the bodyweight and 12 repetition 
maximum (12-RM) dumbbell one-leg squat, and 253 N at 
33-48º for a two-feet drop landing stepping off a 60 cm high 

platform.1–8,11–13 As a reference, peak ACL load during 
level walking is 303 N at 15-20º knee angles.14 Therefore, 
WBE minimizes ACL strain or tensile loading to a greater 
extent compared with the seated knee extension NWBE. 
Moreover, WBE are more functional multi-joint, multi-
muscle exercises effective in developing important hip and 
thigh musculature, such as the gluteals, hamstrings, 
quadriceps, adductors and abductors, whereas the seated 
knee extension only targets the quadriceps. 

Since most ACL injuries are not isolated injuries and 
often involve bone bruises and cartilage damage, menisci 
damage, or collateral ligament injury, tibiofemoral com-
pressive loads also need to be considered when selected 
lower extremity exercises after an ACL injury, repair, or 
reconstruction. For example, performing 12-RM squatting 
and lunging exercises, or performing a two-leg drop jump 
from a 60 cm platform height, all resulted in tibiofemoral 
compressive loads between 4-8 times body weight, which 
could be injurious to the healing bone, cartilage, or menis-
cus.1–3,6–8,13 Performing squatting or lunging type exer-
cises with bodyweight only should be first performed and 
then progress to external resistance secondary to less 
tibiofemoral compressive knee loading occurring using 
bodyweight only as resistance compared to using an ex-
ternal load.15,16 Therefore, lower-intensity resistance and 
plyometric exercises should precede higher intensity resis-
tance or plyometric exercises, such as the single-leg drop 
jump or 12-RM squatting and lunging. The rate of deceler-
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ation should also be considered when performing plyomet-
ric exercises, as a higher deceleration rate results in greater 
ACL loading. A peak ACL load of 1294 N at 25-30º knee 
angles has been reported during rapid deceleration during 
running to a stop.17 

Regarding PCL loading between WBE and NWBE, peak 
PCL tensile forces were greater in the seated knee flexion 
isometric and isokinetic NWBE (2701-3330 N at 90º knee 
ankle) compared to WBE, including 12-RM barbell squat 
(1868-2212 N at 63-77º knee angles), 12-RM leg press 
(1726-1866 N at 88-95º knee angles), 12-RM one leg dumb-
bell squat (414 N at 90º knee angle), 12-RM wall squat 
(757-786 N at 80-90º knee angle), 12-RM forward and side 
lunge (612-765 N at 60-90º knee angles), and the body-
weight forward and side lunge (317-334 N at 60-80º knee 
angles).2,4–8,11 PCL loading during the knee extension 
NWBE is less than the knee flexion NWBE but greater than 
most WBE, with the 12-RM isotonic seated knee extension 
producing a peak PCL force of 959 N at 79º knee angle,2,4,5 

which was greater than all the aforementioned WBE except 
the 12-RM barbell squat and 12-RM leg press. As a refer-
ence, the peak PCL load during level walking is 160 N at 
15-20º knee angles.14 As a general rule, NWBE and WBE 
should first begin with no external resistance (resulting 
in less ACL and PCL loading) and progress to increasing 
amounts of external resistance (resulting in more ACL and 
PCL loading). 

PATELLOFEMORAL REHABILITATION 

When comparing WBE (12-RM squat and 12-RM leg press) 
to NWBE (12-RM seated knee extension), patellofemoral 
force and stress was greater in WBE than NWBE for 85-95º 
knee angles, but greater in NWBE than WBE for 15-57º 
knee angles.2 

CONCEPT #2: KNEE LOADING VARIES WITH 
TECHNIQUE VARIATIONS WITHIN WBE OR 
NWBE 
CRUCIATE LIGAMENT REHABILITATION 

Forward and side lunge exercises can be performed with 
varying technique variations using bodyweight only or ex-
ternal resistance, such as a 12-repetition maximum 
(12-RM) load, and the amount of resistance used does affect 
cruciate ligament loading. As shown in Figures 1A-1D, the 
forward lunge can be performed on either a flat surface 
(Figures 1A and 1B) or up to a platform (Figures 1C and 1D), 
and by taking a long step (results in lead knee being over 
lead ankle at maximum knee flexion), which is referred to 
as forward lunge long (Figures 1B and 1D), or by taking a 
short step (results in knees moving forward over toes ap-
proximately 8-10 cm), which is referred to as forward lunge 
short (Figures 1A and 1C). 

Using a 12-RM load, mean PCL forces were significantly 
greater (p < 0.001) between 0-80° knee flexion angles in 
the forward lunge long with a stride (step forward and 
push back to starting position) compared to the forward 
lunge short with a stride (Figure 2).7 Moreover, between 

0-20° knee flexion angles mean PCL forces were signif-
icantly greater (p < 0.001) without a stride (lunging up 
and down with feet stationary) compared to with a stride.7 

Mean ACL forces were generated (0-50 N range between 
0-10° knee flexion angles) only in the forward lunge short 
with a stride (Figure 2).7 

Peak ACL strain was not significantly different between 
squatting with or without 136 N of external resistance, or 
between stair climbing at slower versus faster rates.10,18,19 

It can be concluded from these WBE data that increasing 
resistance during the squat, or increasing the rate of step-
ping during stair climbing, may not increase ACL strain; 
however, the technique employed during the squat will in-
fluence ACL loading. This may occur because adding resis-
tance or stepping faster may affect muscle recruitment pat-
terns, such as recruiting the hamstrings to a greater extent 
(perhaps owing to changes in technique, such as a greater 
forward trunk tilt). Muscle force from the hamstrings helps 
unload the ACL owing to their posterior directed force on 
the leg. This finding during WBE (eg, squatting and lung-
ing), is different compared with the seated knee extension 
NWBE, in which ACL strain increased from 2.8% without 
external resistance to 3.8% with adding only 45 N (10 lbs) 
of external resistance.9 One possible explanation for this is 
that technique variations typically do not occur during the 
seated knee extension exercise (and the hamstrings are not 
recruited to unload the ACL), but techniques variations do 
occur during WBE, such as with the squat and lunge, be-
cause trunk position may change, such as the trunk being 
more vertical (more quads, less hamstrings) or more hori-
zontal (more hamstrings, less quadriceps). 

If technique variations do occur during the seated knee 
extension NWBE, ACL tensile force can also be affected. 
For example, when a constant external torque is being ap-
plied at the knee, ACL force decreases when the resistance 
pad is moved more proximal up the leg towards the knee 
compared to when the resistance pad is moved more distal 
down the leg towards the ankle.20 When a constant external 
torque was applied at the knee at 30º knee angle, the ACL 
tensile force was approximately twice as great when the re-
sistance pad was positioned near the ankle (approximately 
400 N) compared with when the resistance pad was posi-
tioned near the middle of the leg (approximately 200 N).20 

Also, ACL loading decreased progressively from 15º knee 
angle (approximately 500 N when the resistance pad was 
near the ankle and approximately 325 N when the resis-
tance pad was placed near the middle of the leg) to 60º 
knee angle (approximately 100 N when the resistance pad 
was near the ankle and approximately 0 N when the resis-
tance pad was positioned near the middle of the leg), with 
no ACL loading at knee angles greater than 60º.20 Wilk and 
Andrews21 have reported that in ACL-deficient knees dur-
ing isokinetic exercises, anterior tibial translation can be 
reduced by utilizing a proximal resistance pad position and 
performing higher knee angular velocities (e.g. 180 º/s and 
300º/s) compared to using slower knee angular velocities 
(e.g. 60 º/s). 

Performing the forward and side lunge by stepping for-
ward or sideways and then pushing back to the upright 
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Figure 1. Forward lunge with (A) a short step at ground level, (B) a long step at ground level, (C) a short step up                       
to a 10 cm platform, and (D) a long step up to a 10 cm platform.                 

starting position produced significantly greater PCL tensile 
force compared to performing the forward and side lunge 
while keeping both feet stationary and simply lunging up 
and down by flexing and extending the lead knee.8 There-
fore, there are different progressions within the forward 
and side lunge that can be employed during PCL rehabilita-
tion. 

Technique variations during the leg press can also affect 
PCL loading. During the 12-RM leg press, mean PCL force 
was 11-13% greater in the wide stance leg press than the 
narrow stance leg press between 33-85º knee angles.2 No 
significant differences in PCL loading were found between 
the narrow and wide stance squat.2 

PATELLOFEMORAL REHABILITATION 

Technique variations within WBE has also been shown to 
affect patellofemoral loading. While performing the body-
weight forward lunge exercise with step length and step 

height variations (Figures 1A-1D), patellofemoral joint 
loading changed according to step length, step height, and 
knee angle.16 Specifically, patellofemoral force and stress 
in the lead knee were greater with a long step forward 
lunge (forward lunge long) compared to a short step for-
ward lunge (forward lunge short) between 10°–40° knee 
angles, and greater with the forward lunge short than the 
forward lunge long between 50°–100° knee angles (Figure 
3).16 

For the 12-RM forward lunge, patellofemoral force and 
stress in the lead knee were greater with the forward lunge 
short than the forward lunge long between 70°–90° knee 
angles (Figure 4).22 Interestingly, performing forward lunge 
with bodyweight only (Figure 3) compared to with a 12-RM 
load (Figure 4) did change the overall pattern of 
patellofemoral loading as a function of knee angles. 

Comparing step height variations in the bodyweight for-
ward lunge, patellofemoral loads were greater lunging at 
ground level compared to lunging up to a 10-cm platform 
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Figure 2. Mean (SD) ACL and PCL tensile force between forward lunge long and short with a stride (step forward                   
and push back to starting position) using a 12-repetition maximum load (12-RM). Significant differences (p <                 
0.001) occurred between 0°–80° knee angles.     7  

Figure 3. Mean (SD) patellofemoral compressive force in lead knee for forward lunge with a long step and                 
forward lunge with a short step with a stride (step forward and push back to starting position) using bodyweight                    
only.16  

Note: Mean (SD) patellofemoral stress followed a similar pattern and results as patellofemoral force. 

between 40°–100° knee angles (Figure 5).16 A similar pat-
tern was also observed while performing the side lunge at 
ground level versus up to a 10-cm platform.15 These data 
show a progression in patellofemoral rehabilitation, sug-

gesting that lunging up to a 10-cm platform should pre-
cede lunging at ground level when the goal is to minimize 
patellofemoral joint loading. 
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Figure 4. Mean (±SD) patellofemoral joint compressive force in lead knee for the forward lunge long and short                 
with a stride (step forward & push back to starting position) using a 12-repetition maximum load (12-RM).                22  

Significant differences (p < 0.009) occurred between 70°–90° knee angles.           
Note: Mean (SD) patellofemoral stress follows a similar pattern and results as patellofemoral force. 

Figure 5. Mean (SD) patellofemoral compressive force in lead knee for forward lunge at ground level and forward                 
lunge up to a 10 cm platform with a stride (step forward and push back to starting position) using bodyweight                     
only.16  

Note: Mean (SD) patellofemoral stress follows a similar pattern and results as patellofemoral force. 

When comparing patellofemoral force and stress with 
a stride to without a stride during the forward lunge, be-
tween 10°-50° knee angles of the knee flexing phase and 
between 50°-20° knee angles of the knee extending phase 

patellofemoral force and stress were significantly greater 
with a stride than without a stride (Figure 6),23 and a sim-
ilar pattern was also observed during the side lunge exer-
cise.23 These data show a progression in patellofemoral re-
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Figure 6. Mean (SD) patellofemoral compressive force in lead knee between forward lunge with a stride (step                
forward and push back to starting position) and without a stride (lunging up and down with feet stationary).                 23  

Patellofemoral force was significantly greater (p<0.009) between 10°-50° knee angles of the knee flexing phase                
and between 50°-20° knee angles of the knee extending phase.           
Note: Mean (SD) patellofemoral stress follows a similar pattern and results as patellofemoral force. 

habilitation, suggesting that stationary lunging (without a 
stride) should precede lunging by stepping forwards/side-
ways and pushing back (with a stride) when the goal is to 
minimize patellofemoral joint loading. 

There are several conclusions from examining the for-
ward lunge data from Figures 3-6 when the goal is to ini-
tially minimize patellofemoral joint force and stress and 
then gradually progress loading: 1) initially employ a more 
functional knee flexion range between 0-50º; 2) then, 
progress to higher knee angles (0°–100°); (3) then employ 
a long step and higher knee angles (0°–100°) up to a 10-cm 
platform; and (4) finally, employ a long step and higher 
knee angles (0°–100°) at ground level. 

Technique variations within squatting techniques can 
also affect patellofemoral loading. Patellofemoral force and 
stress were significantly greater at 90º knee angle in the 
12-RM wall squat with the feet a short distance from the 
wall (causing the knees to translate anteriorly beyond the 
toes - referred to as wall squat short), with a peak force of 
approx. 3650 N, compared to the 12-RM wall squat with feet 
farther away from the wall (allowing the knees to stay over 
the feet - referred to as wall squat long), with a peak force 
of approx. 2900 N.24 During the 12-RM barbell squat, peak 
patellofemoral force and stress were greater with a wide 
stance squat (4313-4674 N at 80-90º knee angles) compared 
to a narrow stance squat (3958-4246 N at 80-90º knee an-
gles), and mean patellofemoral force and stress was 15% 
greater in the wide stance squat than the narrow stance 
squat between 21-79º knee angles.2 

Technique variations during the leg press can also affect 
patellofemoral loading. During the 12-RM leg press, peak 

patellofemoral force and stress were greater with a narrow 
stance leg press (4316-4809 N at 80-90º knee angles) com-
pared to a wide stance leg press (3761-4389 N at 80-90º 
knee angles), and mean patellofemoral force and stress was 
18% greater in the narrow stance leg press than the wide 
stance leg press between 19-91º knee angles.2 

CONCEPT #3: KNEE LOADING VARIES BETWEEN 
DIFFERENT WBE 
CRUCIATE LIGAMENT REHABILITATION 

For PCL loading between different WBE, peak force was 
highest in the two-leg 12-RM barbell squat (1868-2212 N 
at 63-77 º knee angles), followed by the 12-RM leg press 
(1690-1726 N at 88-95 º knee angles), 12-RM wall squat 
(757-786 N at 80-90º knee angles), 12-RM forward and side 
lunges (641-765 N at 80-90º knee angles), 12-RM one-leg 
squat (414 N at 90º knee angle), bodyweight forward and 
side lunges (279-328 N at 70-80º knee angles), and level 
ground walking (160 N at 15-20º knee angles).1–8,11–14 

PCL loading was greater in the 12-RM wall squat 
(259-757 N) compared to the 12-RM one leg squat (64-414 
N) between 0-90º knee angles, while in contrast ACL load-
ing was greater in the 12-RM one leg squat (22-59 N) than 
the 12-RM wall squat (0 N) between 0-40º knee angles.6 

PCL loading was greater in the 12-RM barbell squat than 
the 12-RM leg press between 27-79º.2 

Cruciate ligament differences were also observed be-
tween the forward lunge and side lunge exercises per-
formed both with bodyweight and with a 12-RM external 
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Figure 7. Mean (SD) PCL tensile force during forward and side lunges with a stride (step forward and push back                   
to starting position) using a 12-repetition maximum load (12-RM).        8  Significant differences (p < 0.009) occurred       
between 40°–80° knee angles.     

load.8 PCL loading was greater in the 12 RM forward lunge 
than the 12-RM side lunge between 40-80º knee angles 
(Figure 7).8 

PATELLOFEMORAL REHABILITATION 

Differences in patellofemoral joint loading also occurred 
between the bodyweight forward and side lunge exercises 
when performed with step height variations, such as per-
forming the forward and side lunge exercises at ground 
level versus performing the forward and side lunge exer-
cises up to a 10-cm high platform (Figure 8).15,16 

As shown in Figure 9 for the bodyweight forward and 
side lunge, at 10° knee angle during the lunge descent 
and at 10° and 30° knee angles during the lunge ascent, 
patellofemoral force and stress were significantly greater in 
the forward lunge compared to the side lunge.15 In con-
trast, at 40°, 50°, 60°, 70°, 80°, 90°, and 100° knee angles 
during the lunge descent and at 50°, 60°, 70°, 80°, and 90° 
knee angles during the lunge ascent patellofemoral joint 
force and stress were significantly greater in the side lunge 
compared to the forward lunge.15 

In contrast to the bodyweight forward and side lunge, 
during the 12-RM forward and side lunge the only signif-
icant differences found were between 80°-90° knee angles 
during the lunge descent and at 90° knee angle during the 
lunge ascent, in which patellofemoral force and stress were 
greater in the side lunge compared to the forward lunge 
(Figure 10).23 

Patellofemoral force and stress were greater while per-
forming the bodyweight side lunge (252-1302 N) compared 
to the bodyweight forward lunge (167-766 N) between 
40-100° knee angles.15 When external resistance was ap-

plied, patellofemoral compressive force and stress magni-
tudes were greater during the 12-RM side lunge (2493-2668 
N) compared to the 12-RM forward lunge (2161-2191 N) be-
tween 80-90º knee angles. 

Peak forces for the 12-RM squat and 12-RM leg press 
were between 4500-5000 N at 90º knee angle, and not sig-
nificantly different between each other.2 Patellofemoral 
force and stress were greater in the 12-RM wall squat (ap-
prox. 2100-3650 N) than the 12-RM one leg squat (approx. 
1800-2800 N) between 60-90º knee angles.24 

CONCEPT #4: KNEE LOADING VARIES AS A 
FUNCTION OF KNEE ANGLE 
CRUCIATE LIGAMENT REHABILITATION 

If we arbitrarily use a 0-100º knee angle range (0º = full 
knee extension), which is a common knee angle range of 
motion for most lower extremity WBE and NWBE, this 
range can roughly be divided in half for anterior cruciate 
ligament (ACL) loading (0-50º knee angles) and posterior 
cruciate ligament (PCL) loading (50-100º knee angles). 
However, for many WBE and NWBE, PCL loading can occur 
throughout the entire 0-100º knee angle range of motion. 
Peak PCL loading was generally greater at the higher knee 
angles (50-100º) than lower knee angles (0-50º), with peak 
PCL loading typically occurring at knee angles around 
70-90º.2,4–8,11 In contrast, peak ACL strain/tensile force 
typically occurs at lower knee angles between 10-30º for 
both WBE and NWBE.2,6,10 For example, ACL strains during 
the isometric seated leg extension using a 30 Nm torque as 
resistance were 4.4% at 15º knee angle, 2% at 30º knee an-
gle, and no ACL strain at 60º and 90º knee angles.10 More-
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Figure 8. Forward lunge at ground level (A), side lunge at ground level (B), forward lunge up to a 10 cm platform                     
(C), and side lunge up to a 10 cm platform (D).            

over, when tested at 30º, 50º, and 70º knee angles, squat-
ting, lunging and step-up and step-down exercises had the 
greatest ACL strain at 30º knee angle.10 Moreover, it should 
be emphasized that peak ACL loading from both NWBE and 
WBE are of relatively small magnitudes, typically less than 
150 N or 3.7% ACL strain (which is roughly the same as 
a 150 N Lachman test) for WBE, but higher (150-350 N) 
for NWBE,1–8,10,25,26 Therefore, if the rehabilitation goal is 
to minimize ACL or PCL loading, such as during the early 
phases after ACL or PCL reconstruction surgery, training 
with both NWBE and WBE would be appropriate starting 
with lower knee angles (e.g. 0-50º) for PCL rehabilitation 
and higher knee angles (e.g. 50-100º) for ACL rehabilita-
tion. 

PATELLOFEMORAL REHABILITATION 

In general, for both WBE and NWBE, patellofemoral force 
and stress increase as knee angle increases and decrease as 
knee angle decreases. Therefore, when the goal is to mini-
mize patellofemoral force and stress, performing exercise at 
lower knee angles (eg, 0-50º) is desirable, and progression 

to higher knee angles (eg, 50-100º) as more patellofemoral 
force and stress can be tolerated later in the rehabilitation 
process. 

CONCEPT #5: KNEE LOADING INCREASES WITH 
INCREASED KNEE ANTERIOR TRANSLATION 
BEYOND TOES 
CRUCIATE LIGAMENT REHABILITATION 

For ACL rehabilitation, anterior knee movement of 8-10 cm 
or more beyond the toes may increase ACL loading during 
squatting, lunging, leg press, and other WBE.4,6–8 More-
over, squatting with the heels off the ground, which typi-
cally results in increased anterior knee movement beyond 
the toes, resulted in over three times ACL loading compared 
with squatting with the heels on the ground.4,11 

ACL loading was significantly greater in the one-leg 
squat, in which the knees moved forward beyond the toes 
10±2 cm, compared to performing the wall squat long with 
the knees positioned over the feet.6 ACL loading was sig-
nificantly greater in the 12-RM forward lunge short (using 
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Figure 9. Mean (SD) patellofemoral compressive force in lead knee between forward lunge and side lunge with                
bodyweight and a stride (step forward and push back to starting position) collapsed across step height.               15  

Significant differences (p < 0.009) occurred at 10° during the lunge descent,10° and 30° during the lunge ascent,                   
40°-100° during the lunge descent, and 50°-90° during the lunge ascent.            
Note: Mean (SD) patellofemoral stress follows a similar pattern and results as patellofemoral force. 

Figure 10. Mean (SD) patellofemoral compressive force in lead knee between forward and side lunges with a                
stride (step forward and push back to starting position) using a 12-repetition maximum load (12-RM).              23  

Significant differences (p < 0.009) occurred between 80°-90° during the lunge descent and at 90° during the lunge                   
ascent.  
Note: Mean (SD) patellofemoral stress follows a similar pattern and results as patellofemoral force. 
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a short step, in which the knees moved forward beyond the 
toes 9±2 cm), compared to the 12-RM forward lunge long 
(using a long step, in which the knees stay over the feet 
throughout the movement).4,5,7 Moreover, squatting with a 
more erect trunk position compared with squatting with a 
30-40º forward trunk tilt position tends to cause more an-
terior translation of the knees beyond the toes, as well as 
greater quadricep activation (which increases ACL tensile 
force at lower knee angles) and less hamstring activation 
(which results in less unloading of the ACL).2,6 

PATELLOFEMORAL REHABILITATION 

Patellofemoral force and stress were significantly greater 
at 90º knee angle in the wall squat short (knees translate 
anteriorly beyond the toes), with a peak force of ~3650 N, 
compared to the wall squat long (knees stay over the feet), 
with a peak force of ~2900 N.24 At the lowest position of the 
wall squat short (90º knee angle), the knees translated be-
yond the toes 9±2 cm, compared to the knees being above 
the ankles and over the feet for the wall squat long.24 

CONCLUSIONS 

It has been demonstrated that both cruciate ligament load-
ing and patellofemoral loading varies between WBE and 
NWBE, varies with technique variations within WBE and 
NWBE, varies between different WBE, and varies as a func-
tion of knee angle. Understanding how varying techniques 
within and between WBE and NWBE affect cruciate liga-
ment and patellofemoral loading may help clinicians bet-
ter prescribe WBE and NWBE in a safe and effective manner 
during cruciate ligament and patellofemoral rehabilitation. 
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Background  
Sports-related concussions are the most common cause of head injury in adolescents and 
young adults. Typical treatment methods for this injury include cognitive and physical 
rest. Evidence suggests that physical activity and physical therapy interventions can be 
beneficial to decrease post-concussion symptoms. 

Purpose  
The aim of this systematic review was to investigate the effectiveness of physical therapy 
interventions for adolescent and young adult athletes post-concussion. 

Study Design   
Systematic Review 

Methods  
The following databases were utilized for the search: PubMed, CINAHL, Proquest, 
MEDLINE, SPORTDiscus, and SCOPUS. The search strategy focused on athletes, 
concussions, and physical therapy interventions. Data extraction from each article 
included: Authors, subjects, gender, mean age, age range, specific sport, acute or chronic 
concussion, first or recurrent concussion, treatments for intervention and control group, 
and outcomes measured. 

Results  
Eight studies met the inclusion criteria. Six of the eight articles scored seven or higher on 
the PEDro Scale. Physical therapy intervention(s), such as an aerobic intervention or a 
multimodal approach, show improvements in time to recovery and reduction of 
post-concussion symptoms in patients who have had a concussion. Physical activity and 
physical therapy as early as a couple days following injury, is beneficial at decreasing 
post-concussion symptoms, allows for earlier return to play, and/or shorter days to 
recovery, and is considered safe for treating post-concussion symptoms. 

Conclusion  
This systematic review demonstrates that physical therapy interventions including 
aerobic exercise and multimodal approaches have been found to be beneficial in treating 
adolescent and young adult athletes post-concussion. Utilizing aerobic or multimodal 
interventions for this population allows for a quicker symptom recovery and return to 
sport than traditional treatment of physical and cognitive rest. Future research should 
investigate the superior intervention for adolescents and young adults with 
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post-concussion syndrome and determine if a single treatment or a multimodal approach 
is more beneficial. 

INTRODUCTION 

Concussion is a mild traumatic brain injury. Concussion oc-
curs as a result of direct trauma, whiplash, or blast injury 
that causes the brain to move forward and backward. Symp-
toms associated with concussion include headache, dizzi-
ness, vertigo, nausea, fatigue, light and noise sensitivity, as 
well as altered mental status.1,2 The leading cause of head 
injury in adults occurs from car accidents, whereas in the 
younger population (15-24 years old), injury occurs from a 
sport related accident. Of the forty-four million children in-
volved in various sports-related activities, around 3.8 mil-
lion experience a concussion related to sport each year.2 

Emergency department visits due to sport-related concus-
sions increased by more than double between 2001-2012.1,3 

The most common cause of sport-related concussion is 
player to player contact and happens frequently in football 
and ice hockey. Female athletes have a higher incidence of 
concussion compared to male athletes. Athletes who have 
had a prior concussion also have a higher rate of experi-
encing additional concussions.2,4 Adolescent athletes are at 
higher risk of suffering a concussion than adults and may 
also require a longer period of time to recover.5 If an athlete 
is diagnosed with a concussion, they must be cleared by a 
health care professional before returning to play. 
Traditional treatment for concussion includes physical 

and cognitive rest.6,7 Unfortunately, individuals prescribed 
with rest can demonstrate withdrawal from life activities, 
deconditioning, and mental health issues.8 Research is 
emerging that shows the benefit of exercise and early phys-
ical activity after a concussion.2 Specifically, early physical 
activity is advantageous and lower rates of post-concussive 
symptoms are associated with higher levels of physical ac-
tivity and this research states that patients suffering from 
concussion should be encouraged to exercise as tolerated 
1-2 days after concussion and initial rest.2 Individuals with 
a concussion present with varying symptoms and presenta-
tions requiring patient-specific intervention strategies. Ac-
cording to a clinical practice guideline, recommended fre-
quency, intensity, timing, and type(s) of intervention is 
dependent on the severity of a patient’s concussion, their 
level of irritability, and how they respond to treatment. Pa-
tients should also be educated on symptom reporting so 
that interventions can be adjusted resulting in earlier re-
turn to sport.9 

Existing literature suggests that cervical and vestibular 
interventions as well as sub-symptom threshold exercise 
may be beneficial for individuals 24-48, hours after con-
cussion. Aerobic exercise has been shown to improve au-
tonomic nervous system function suggesting that sub-
threshold exercise treatment could be a beneficial 
treatment for concussion. Systematic reviews have shown 
that exercise post-concussion can improve symptom scores 
after concussion and that sub-symptomatic aerobic exer-
cise programs can be more effective in reducing post-con-

cussion syndrome symptoms than traditional standard of 
care.10 

There is a gap in the current literature regarding sports-
related concussions in adolescent and young adult athletes 
and the appropriate interventions for treatment. The aim of 
this systematic review was to investigate the effectiveness 
of physical therapy interventions for adolescent and young 
adult athletes post-concussion. 

METHODS 

This systematic review was registered with Prospero and 
completed using guidelines from Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis (PRISMA). 
PRISMA is a 27-item checklist based on evidence that fo-
cuses on reporting the impact of interventions in system-
atic reviews and meta-analysis.11 Prospero provides the op-
portunity to determine if a similar review already exists or 
is in the process of being published to prevent unwanted 
duplication.12 The registration ID for Prospero for this sys-
tematic review is CRD42021256465. 

ELIGIBILITY CRITERIA 

In order to be included in this systematic review, articles 
had to meet the following inclusion criteria: be original re-
search, a randomized controlled-trial, include participants 
that were athletes under the age of thirty, have an acute 
or chronic sport-related concussion, and include physical 
therapy intervention(s). Randomized controlled-trial arti-
cles were chosen due to high placement on the hierarchy 
of evidence and to strengthen the results of this systematic 
review. Articles were excluded if they were not of a random-
ized controlled-trial study design, not reported in English, 
or did not fit the inclusion criteria stated. 

SEARCH STRATEGIES 

The following databases were utilized for the search: 
PubMed, CINAHL, Proquest, MEDLINE, SPORTDiscus, and 
SCOPUS. The search strategy focused on three key con-
cepts: athletes, concussions, and physical therapy interven-
tions. After these concepts were identified, similar terms 
were noted, defined, and used in the searches. These terms 
were then utilized in each database and any database-spe-
cific terms such as Subject Heading (SH) or Medical Subject 
Heading (MESH) when relevant. Appendix 1 provides the 
specific search strategies utilized in this search. A hand 
search was completed by looking through the references 
of articles included in this systematic review. The initial 
search was started in March 2021 and the final search con-
cluded in January 2022. 

STUDY SELECTION 

The total number of abstracts, titles, and full texts from 
the search strategy were divided in half and allocated to 
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Table 1. Description of Outcome Measures Utilized.      

Outcome Measures Description 

Balance Error Scoring System (BESS) Measures postural stability and vestibular dysfunction related to return to play.15 

Used primarily in youth, athletes, and patients with a traumatic brain injury.15 

Beck Depression Inventory for Youth Self-reported outcome measure with 21 items ranked on a four point scale to 
assess depression.16 Score >10 is positive for depression which is common in 
athletes.16 Used commonly for Parkinson’s Disease, stroke, spinal cord, and non-
specific populations. 

Post-Concussion Symptom Inventory (PCSI) 26 item self-reported outcome measure for individuals aged 5-18.17 Assess 
cognition, sleep, emotions, and physical domains. 

Post-Concussion Symptom Scale (PCSS) 21 item self-reported outcome measure using a 7 point likert scale. Used to 
determine whether athletes have a concussion or not.17 

Immediate Post-Concussion Assessment 
and Cognitive Testing (ImPACT) 

Online computerized neuropsychological series including patient demographics, 
determine if any of the 22 listed concussion symptoms are present and at what 
severity, and neuropsychological modules to assess attention, memory, processing 
speed, reaction time, sequencing, and learning. Used primarily with the athlete 
population.17 

BORG CR 10 RPE Measures exercise intensity perceived by the patient during exercise and used 
primarily with patients with breathlessness, angina, and musculoskeletal pain.18 

Post Ride Symptom Change Rating Experiential likert scale that ranks perceived exertion after biking.19 

two teams of two authors. Each title, abstract, and full text 
for each article was assessed independently and screened 
by two separate authors to be reviewed for inclusion in 
the systematic review. If a tie breaker was needed due to a 
disagreement between team members, then a third author 
would serve as a tie breaker. Any duplicates found during 
the search were removed. Cohen’s unweighted Kappa was 
calculated for agreement during the title, abstract, and full 
text review. “Kappa is a measurement that is used to deter-
mine agreement among raters when scores are repeated.”13 

Recommended values for Kappa include: <0.00 is poor 
agreement, (0.01-0.20) is slight agreement among raters, 
(0.21-0.40) is considered fair agreement, (0.41-0.60) is 
moderate, (0.61-0.80) is considered substantial agreement 
among raters, and (0.81-1.0) is almost perfect agree-
ment."13 

RISK OF BIAS IN INCLUDED STUDIES 

Risk of bias assessment for included studies was performed 
by two authors independently and was reviewed for each of 
the articles. If a disagreement was present, a third author 
would serve as a tiebreaker to reach consensus. Risk of bias 
assessment in the included studies was assessed using the 
PEDro scale. The PEDro scale is an appropriate tool to as-
sess the quality of randomized controlled trials. A higher 
score on the PEDro scale indicates a lower risk of bias in an 
article, with the highest score possible being a 10 and low-
est score of a 0. The PEDro scale has 11 criterion but is only 
scored using 10, thus has a score out of 10. One item, the 
item on eligibility, is not counted towards the score because 
it is related to external validity. The PEDro scale does not 
assess external validity or effect size of treatment.14 

DATA EXTRACTION 

Two authors performed data extraction independently. 
Consensus was reached after independent extraction. Data 

extraction included: Authors, subjects, gender, mean age, 
acute or chronic concussion, treatment for intervention 
group versus control group, and outcomes measured. 

RESULTS 
STUDY SELECTION 

The initial search results produced 7,034 titles. There were 
3,253 titles found after all duplicates were removed. Two 
authors screened titles and abstracts and 3,193 articles 
were excluded. A hand search was completed, and two addi-
tional randomized controlled trials were included. After ti-
tle and abstract review, 60 articles were chosen for full-text 
review with an observed kappa value of one and confidence 
interval of one to one demonstrating perfect agreement be-
tween reviewers. Non-randomized control trials were ex-
cluded as well as one ongoing study, which resulted in eight 
articles that fit the inclusion criteria to be included in the 
systematic review. Details of the study selection can be 
seen in Figure 1. 

STUDY CHARACTERISTICS 

Aerobic intervention for the treatment groups was used for 
four of the eight articles, and multimodal intervention for 
the treatment groups was used for the remaining four ar-
ticles. The control groups for each of the articles either 
participated in education, rest, sub-therapeutic exercise, 
placebo, or sham treatment. The outcome measures varied 
throughout the eight studies and included: days from injury 
to recovery, PCSS, PCSI, Health Related Quality of Life, 
Beck Depression Inventory for Youth, Pediatric Quality of 
Life Multidimensional Fatigue Scale, the BESS, ImPACT, 
time to return to play, health and demographic question-
naires, Borg CR10, Rate of Perceived Exertion (RPE), and 
Post Ride Symptom Change Rating. See Table 1 for a de-
scription of the outcome measures that were used in the 
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Figure 1. Study Selection.   

articles included in this systematic review. In total, there 
were 375 subjects that participated in the eight studies 
with 163 females and 212 males. The age range of partic-
ipants included was 11.2-21.2 years old. Four articles in-
cluded subjects who had acute post-concussion symptoms, 
one article included participants with chronic post-concus-
sion symptoms, two articles included participants with both 
acute and chronic post-concussion symptoms, and one ar-
ticle did not indicate severity of concussion. Six of the eight 
articles included participants who have had one concussion 
or a recurrence of concussions while the other two articles 
did not indicate occurrence of concussion. Study character-
istics can be found in Table 2. 

QUALITY ASSESSMENT 

Two reviewers assessed the risk of bias of the eight articles 
included in this systematic review using the PEDro Scale. 
Each of the articles was given a PEDro Scale score, shown 
in Table 3. To evaluate the level of agreement between the 
two reviewers, an unweighted kappa was calculated total-
ing one, (CI = 1:1), which demonstrates perfect agreement. 
Five of the eight articles were of a higher quality relat-
ing to risk of bias compared to the other three included 
articles, with scores ranging from a 5 to a 10 out of 10 
items. Three of the five higher quality articles found sig-

nificant improvements in the treatment groups compared 
to the control groups.20,21,24 Although only three articles 
demonstrated statistically significant results for the treat-
ment group compared to the control group, all articles 
demonstrated improved symptoms with time and there 
were no adverse effects reported with early physical activity 
and therapy. Three of the eight articles had a lower quality 
relating to risk of bias scoring a 3 to 4 out of 10 
items.19,25,26 Criterion 1, 2, 4 and 10 were met by all arti-
cles included in this study. 

RESULTS OF INDIVIDUAL STUDIES (INTERVENTIONS) 

AEROBIC INTERVENTION 

Four of the eight studies included in the systematic review 
used aerobic interventions for the treatment group.19–21,26 

Leddy et al.20 included aerobic exercise on a stationary 
bike or treadmill if available, or walking/jogging outdoors if 
they did not have access to exercise equipment. The aero-
bic exercise would last 20 minutes or until their symptoms 
increased by two or more points from their pre-exercise 
symptom level (based on a 10-point Visual Analogue Scale). 
Participants in the aerobic exercise group recovered in a 
median of 13 days compared to the control group who re-
covered in 17 days (p = 0.009). Leddy et al.21 included aer-
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Table 2. Study Characteristic   

Intervention group Control Group 

Author Intervention Control Outcome Measure 
Acute vs chronic 

and definition 
N 

Mean Age 
(SD) or 
[Range] 

N 
Mean 

Age (SD) 

Leddy20 Aerobic Exercise on 
bike or treadmill 

Placebo-like stretching 
regimen 

Days from injury to recovery; 
symptom severity score, 

proportion of participants with 
delayed recovery 

Acute, starting 
within 10 days 

52 (24 
females, 

28 
male) 

15.3 (1.6) 

51 (24 
female, 

27 
male) 

15.4 (1.7) 

Leddy, 
Master21 

Aerobic exercise: 
walking, jogging, or 

stationary bike 

Placebo-like stretching 
regimen 

PSCI, days to recovery, 
development of post-concussive 

symptoms 

Acute, 24 hrs-10 
days post-

concussion 
diagnosis) 

61 (23 
females, 

38 
males) 

15.5 (1.4) 

57 (21 
females, 

36 
males) 

15.9 (1.4) 

Chan22 

Aerobic Training: 
coordination 
exercises and 

visualization/imagery 
techniques 

Usual Treatment 
(education about 

symptom management, 
school consultation with 

a hospital affiliated 
teacher who facilitated 

return to school, 
physician consult for 

medication and referral 
for community therapy) 

PCSS, health-related quality of 
life, beck depression inventory for 

youth, pediatric quality of life, 
multidimensional fatigue scale, 
balance error scoring system, 

immediate post-concussion 
assessment 

post-concussion 
symptoms >/= 1 

month; >/= 2 
persistent post-

concussion 
symptoms 

10 (8 
females, 
2 males) 

15.1 
(1.47) 

9 (6 
females, 
3 males) 

15.9 
(1.66) 

Reneker23 

Pragmatically 
designed 

individualized and 
progressive 

treatment plan 

sham, subtherapeutic, 
and non-progressive 

therapeutic techniques to 
minimally progressive 

therapy 

PCSS, time to return to play 

acute (up to 14 
days post 

concussion to 
start treatment) 

22 (14 
males, 8 
females) 

16.5 (2.9) 
19 (11 

males, 8 
females) 

15.9 (2.9) 

Schneider24 

Postural education, 
range of motion 

exercises and 
cognitive and 

physical rest, until 
asymptomatic 
followed by a 

protocol of graded 
exertion. Along with 

cervical spine and 
vestibular rehab 

Same as the intervention 
group except the cervical 

spine and vestibular 
rehab. 

Return to play (days) 
Both, but more 

chronic than 
acute 

15 (11 
males, 4 
females) 

15 
[12-27] 

16 (7 
males, 9 
females) 

16 [7 
males, 9 
females] 
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Intervention group Control Group 

Author Intervention Control Outcome Measure 
Acute vs chronic 

and definition 
N 

Mean Age 
(SD) or 
[Range] 

N 
Mean 

Age (SD) 

Dobney25 

4 components: (1) 
aerobic activity, (2) 
coordination/skill 

practice, (3) 
visualization, and (4) 
education beginning 
2 weeks post injury 

4 components: (1) 
aerobic activity, (2) 
coordination/skill 

practice, (3) visualization, 
and (4) education 

beginning at the standard 
4 week post injury 

PCSI 

Acute. Starting 
either 2 or 4 
weeks after 
concussion 

10 (4 
females, 
6 males) 

15.6 (1.8) 
10 (4 

females, 
6 males) 

14.3 (2.7) 

Maerlender19 

Exertion: Stationary 
bike ride for 20 min 

unless uncomfortable 
for 0-6 on RPE scale 

(mild to moderate 
exertion) 

No physical exertion 
other than walking to 

school or daily activities. 

Recovery length-symptom free 
from bike ride, IMPACT, 

neurocognitive test battery, 
BORG CR10 RPE. 

n/a 
15 (12 

females, 
3 males) 

N/a, 
Collegiate 

athletes 

13 (8 
females, 
5 males 

N/a, 
Collegiate 

athletes 

Micay26 

Aerobic exercise-
progressive intensity/

duration on cycle 
ergometer; 

usual care-rest followed 
by physician advised 

progressions of activity 

Intervention feasibility: symptom 
status pre-post exercise sessions 
and completion of intervention; 

Clinical recovery: symptom status 
at weeks 1,2,3, and 4 post injury 

and medical clearance date using 
self reported symptom severity 

scores on PCSS and days to 
clearance 

acute starting at 
day 6 post injury 

7 (all 
males) 

15.8 (1.2) 
8 (all 

Males) 
15.6 (1.0) 

N=Number of participants; SD=Standard Deviation; PCSS=Post-concussion symptom scale; PCSI=Post-concussion symptom inventory 
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Table 3. Quality assessment using PEDro scale.      

Leddy20 Schneider24 Leddy, 
Master21 Chan22 Reneker23 Dobney25 Maerlender19 Micay26 

Criterion 1 Yes Yes Yes Yes Yes Yes Yes Yes 

Criterion 2 Yes Yes Yes Yes Yes Yes Yes Yes 

Criterion 3 No Yes No Yes No No No No 

Criterion 4 Yes Yes Yes Yes Yes Yes Yes Yes 

Criterion 5 No Yes No Yes Yes No No No 

Criterion 6 Yes Yes No Yes No No No No 

Criterion 7 Yes Yes Yes Yes Yes No No No 

Criterion 8 Yes Yes Yes Yes Yes No No Yes 

Criterion 9 Yes Yes Yes Yes Yes No No No 

Criterion 10 Yes Yes Yes Yes Yes Yes Yes Yes 

Criterion 11 No No Yes Yes No No No No 

Score 7 9 7 10 7 3 3 4 

1. Eligibility criteria were specified. 2. Subjects were randomly allocated to groups. 3. Allocation was concealed. 4. The groups were similar at baseline regarding the most important prognostic indicators. 5. There was blinding of all subjects. 6. There was blinding of all thera-
pists who administered the therapy. 7. There was blinding of all assessors who measured at least one key outcome. 8. Measures of at least one key outcome were obtained from more than 85% of the subjects initially allocated to groups. 9. All subjects for whom outcome mea-
sures were available received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome was analyzed by “intention to treat.” 10. The results of between group statistical comparisons are reported for at least one key out-
come. 11. The study provides both point measures and measures of variability for at least one key outcome. 

The Effectiveness of Physical Therapy Interventions for Athletes Post-Concussion: A Systematic Review

International Journal of Sports Physical Therapy



obic exercise such as walking, jogging, or stationary bik-
ing. The aerobic group would exercise for 20 minutes and 
up to 90% of their maximum heart rate achieved on the 
Buffalo Concussion Treadmill Test. They were instructed to 
stop when reaching 90% of their maximum heart rate or 
when they experienced concussion-like symptoms. Median 
days to recovery for the aerobic exercise group was 14 days 
compared to 19 days for the stretching group. Four out of 
43 participants in the aerobic exercise group (9%) had per-
sistent post-concussive symptoms, compared to 12 out of 
39 participants in the stretching group (31%), (p=0.014 with 
Fisher’s exact test). Maerlender et al19 had participants ride 
on a stationary bike with an RPE of 0 - 6 for 20 minutes 
or until they felt uncomfortable. There was no significant 
difference between groups for days of recovery, with a me-
dian of 13 days to recovery for the standard group, and 
15 days to recovery for the exertion group. Micay et al26 

had participants complete eight sessions that progressed 
with duration and intensity using a stationary bike that 
was connected to a heart rate monitor. Each session started 
with a five-minute warm up and ended with a five-minute 
cool down. If symptoms worsened, intervention was termi-
nated. The aerobic exercise group showed greater symptom 
resolution compared to the control group over time, how-
ever there was not a significant difference between groups. 
Independent t-tests were performed for or between-group 
difference in mean time to medical clearance which was 
36.1±18.5 days for the aerobic exercise group and 29.6±15.8 
days for the control group (t(13)=0.03; p=0.87). 

MULTIMODAL INTERVENTION 

Four of the eight studies included in the systematic review 
used multimodal intervention for the intervention provided 
to the treatment group.22–25 Chan et al.22 utilized an active 
rehabilitation program including submaximal aerobic 
training, light coordination, sport-specific exercises, visu-
alization and imagery techniques, and a home exercise pro-
gram. The active rehabilitation group had a mean ± SD 
change of -24.7±19.1 on the PCSS from baseline to follow-
up. The control group had a mean ± SD change of 
-15.8±12.5 on the PCSS from baseline to follow-up. These 
results were associated with a significant difference be-
tween groups with a Cohen’s d treatment medium effect 
size of 0.55. Reneker et al.23 study’s treatment group re-
ceived manual techniques including soft tissue release, mo-
bilizations, and thrust manipulations, and vestibular re-
habilitation techniques including habituation, adaptation, 
oculomotor control, neuromotor control, and balance exer-
cises. The interventions provided were tailored to each spe-
cific patient’s needs and progressed over time as the pa-
tient’s symptoms would allow. The median number of days 
to post-concussion syndrome (PCS) recovery for the exper-
imental group was 13.5 days and 17 days for the control 
group, with a log-rank of 0.13 representing no statistical 
significance between groups. Schneider et al.24 had partic-
ipants in the treatment group receive cervical spine phys-
ical therapy interventions and vestibular rehabilitation ac-
companied by non-provocative range of motion exercises, 
stretching, and postural education. The cervical spine 

physical therapy interventions included manual therapy of 
the thoracic and cervical spine and therapeutic exercises 
including cervical neuromotor retraining exercises. The 
vestibular rehabilitation was individualized to each person 
and consisted of habituation, gaze stabilization, adaptation 
exercises, standing and dynamic balance exercises, as well 
as canalith repositioning maneuvers. There was a greater 
number of participants that were medically cleared to re-
turn to sport within eight weeks of treatment in the treat-
ment group (11 of the 15 individuals), compared to the 
control group (one out of the 14 individuals). Individuals 
in the treatment group were 10.27 (95% CI 1.51 to 69.56) 
times more likely to be medically cleared to return to sport 
within eight weeks than the participants in the control 
group (p<0.001). Dobney et al25 had participants in both 
the treatment group and control group complete 15 min-
utes on a stationary bike or treadmill, 10 minutes of co-
ordination and skill practice related to sport preference, 5 
to 10 minutes of visualization related to sport preference, 
and education about recovery, coping with post-concussion 
symptoms, and the process of returning to school or sport. 
The only difference between groups was that the treatment 
group started two weeks post-concussion and the control 
started treatment four weeks post-concussion. Participants 
were instructed to discontinue activity if symptoms in-
creased. Post-concussion symptoms improved over time for 
both groups, with no significant difference between the two 
groups. 

OVERALL 

When looking at physical therapy interventions, whether 
it be aerobic interventions or a multimodal approach, the 
included studies show improvements in outcomes of time 
to recovery and reduction of post-concussion symptoms in 
patients who have had a concussion. Four of the studies 
had significant between-group differences. The other four 
did not have significant between group differences but did 
show improvements overall with no significant adverse ef-
fects. 

DISCUSSION 

The aim of this systematic review was to investigate the 
effectiveness of physical therapy interventions for athletes 
post-concussion. There is a gap in the current literature 
regarding sports-related concussions in athletes and ap-
propriate interventions for treatment. This review aims to 
reveal physical therapy interventions to address post-con-
cussive symptoms. Overall, this review demonstrates de-
creased time to recovery and reduced post-concussion 
symptoms when patients receive active physical therapy in-
terventions post-concussion. None of the studies demon-
strated any significant adverse effects from early physical 
activity and physical therapy intervention, indicating that 
this treatment approach is safe for adolescent and young 
adult athletes post-concussion. Physical therapists should 
incorporate physical activity and physical therapy interven-
tions earlier to optimize post-concussion recovery. 
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Table 4. Outcomes.  

Measured 
Outcome 

Author 

Intervention 
Baseline 
Outcome 
Measure 
Results 

Intervention 
Final 

Outcome 
Measure 
Results 

Control 
Baseline 
Outcome 
Measure 
Results 

Control 
Final 

Outcome 
Measure 
Results 

95% 
Confidence 

Interval 

P Values 
and/or 
Effect 

Size 

PCSS 

Chan22 
51.50 

±27.80 (SD) 
(mean) 

25.00 
±19.40 (SD) 

(mean) 

56.90 
±31.00 

(SD) 
(mean) 

40.30 
±29.40 

(SD) 
(mean) 

- 
Effect size 
of .55 

Micay26 - 
18.80 +4.90 
(SD) (mean) 

- 

10.00 
±6.10 
(SD) 

(mean) 

- 
Effect 
size of 
1.6039 

PCSI 

PCSI-
SR13 for 
Youth 

Dobney25 - 
3 (median) 
(range 0-9) 

- 

2.25 
(median) 

(range 
0-24) 

- - 

Recovery Time (Days) 

Leddy20 - 
13 days 

(median) 
- 

17 days 
(median) 

- p = 0.009 

Reneker23 - 
13.5 days 
(median) 

- 
17 days 

(median) 
(0.95-4.15) - 

Leddy21 - 
14 days 

(median) 
(IQR 10-25) 

- 

19 days 
(median) 

(IQR 
13-31) 

- - 

Maerlender19 - 
15 days 

(median) 
(range 5-61) 

- 

13 days 
(median) 

(range 
6-56) 

- p=0.705 

Return to Sport (Weeks) 

Micay26 - 
36.10± 

18.50 (SD) 
(mean) 

- 

29.60 ± 
15.80 
(SD) 

(mean) 

- 
p = 0.87; 
Effect size 
of .3756 

Amount medically cleared for return to sport within 8 weeks (number of participants) 

Schneider24 - 11 - 1 (40-92.3) 
p = < 
0.001 

Development of Persistent Post-Concussive Symptoms (number of participants) 

Leddy21 - 13 - 18 - p=0.039 

PCSS=Post-concussion symptom scale; PCSI=Post-concussion symptom inventory; SD=Standard deviation. 

One limitation of this systematic review is that three ar-
ticles were at high risk of bias according to PEDro, including 
Maerlender,19 Micay,26 and Dobney.25 Another limitation is 
that all studies included a small sample size that ranged 
from 15 to 118 total participants. This could result in larger 
effect sizes, decrease the power of the data, and be un-
representative of the population. One article included only 
male participants decreasing the generalizability of the re-
sults.26 Another limitation of this systematic review is that 
the articles reviewed incorporated both acute and chronic 
concussions. By including both, the variation in time to re-
solve symptoms and return to play following the concus-
sion may impact the overall validity and generalizability of 
the results. Because some of the articles included a com-
bination of treatment interventions for athletes post-con-
cussion, this made determining which treatment was most 

effective and beneficial for the participant difficult to deter-
mine. 
One strength of this systematic review is that only ran-

domized control trials were included. Kappa statistics were 
calculated among authors and resulted in perfect or near 
perfect agreement and this review was conducted following 
PRISMA guidelines. Lastly, available articles for this sys-
tematic review are from the year 2014 to present, and at-
tempt to provide the most up to date research on athletes 
with post-concussion syndrome. 
A weakness of this review is the results from the search 

strategy captured physical therapy interventions that were 
similar in nature being either aerobic or multimodal, as 
opposed to a broader spectrum of potential interventions. 
Also, limited evidence is available regarding athletes post-
concussion resulting in only eight randomized control trials 
available for this review. 
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There are multiple published systematic reviews that 
present similar findings. One included 14 articles compar-
ing rest and exercise and concluded that exercise was ben-
eficial at improving PCSS score, decreasing symptoms, and 
decreasing the duration of lingering post-concussion symp-
toms.27 A systematic review that included five articles as-
sessing athletes post-concussion with aerobic training 
demonstrated improvements in post-concussion symp-
toms.3 Along with these, a systematic review by Makdissi et 
al28 also found evidence supporting the importance of in-
cluding physical therapy and aerobic exercise in the treat-
ment of a sports related concussion. This review specifically 
assessed athletes with persistent symptoms, but they found 
evidence that treating the patient’s specific persistent 
symptoms that was beneficial and safe. Lastly, a systematic 
review that assessed mode and intensity of treatment post 
sport-related concussion found that light, moderate, and 
high-intensity levels of exercises can be safe and beneficial 
for patients during treatment. 
The results of this systematic review suggest that phys-

ical therapists should incorporate early physical activity 
and physical therapy interventions into their treatment for 
adolescent and young adult athletes with post-concussion 
syndrome. Practicing therapists should determine the indi-
vidualized impairment(s) present, treat the impairment(s), 
and use symptom reporting as a guideline to return the ath-
lete to sport to ensure proper timing of interventions.8,9 

Due to limitations of this current study, future research 
should investigate the impact of physical therapy interven-
tions for adolescent and young adult athletes status post 
chronic versus acute concussion rather than mixing the two 
and research should be conducted with a larger sample size 
to allow for a more accurate effect size to be calculated. Fu-
ture research should also investigate the superior interven-

tion for adolescents and young adults suffering from post-
concussion syndrome and determine if single treatment is 
more beneficial or if multimodal approach is more bene-
ficial to the participants’ recovery. Lastly, future research 
should include more randomized controlled trials to im-
prove validity and enhance professional decision making. 

CONCLUSION 

The results of this systematic review indicate that there 
is evidence supporting the use of physical therapy inter-
ventions including aerobic or multi-modal treatments in 
the treatment of adolescent and young adult athletes post 
concussion. The evidence included in this systematic re-
view suggests that aerobic exercise or multi-modal inter-
ventions may lead to quicker recovery and return to sport in 
adolescent and young adult athletes with post-concussive 
symptoms when compared to traditional treatments such 
as physical and cognitive rest. Physical therapists should 
consider incorporation of these interventions into their 
plan of care for this population to allow for quicker recovery 
and return to sport. 
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Background  
Hip-related pain is an umbrella term encompassing pain from non-arthritic hip joint 
pathologies, such as femoroacetabular impingement syndrome, hip dysplasia, and labral 
tears. Exercise therapy is commonly recommended for these conditions, but the reporting 
completeness of these interventions is currently unclear. 

Purpose  
The aim of this systematic review was to assess the reporting completeness of exercise 
therapy protocols for people with hip-related pain. 

Study design   
Systematic review according to PRISMA guidelines. 

Materials and Methods    
A systematic search was conducted, searching the MEDLINE, CINAHL, and Cochrane 
databases. The search results were independently screened by two researchers. Inclusion 
criteria were studies using exercise therapy in people with non-arthritic hip-related pain. 
Two independent researchers used the Cochrane risk of bias tool version 2 to analyze risk 
of bias, and the Consensus on Exercise Reporting Template (CERT) checklist and score 
(1-19) to synthesize reporting completeness. 

Results  
Fifty-two studies used exercise therapy for hip-related pain, but only 23 were included in 
the synthesis as 29 studies had no description of the intervention. CERT scores ranged 
from 1 to 17 (median 12, IQR 5-15). The most well-described items were tailoring (87%), 
and the least well-described items were motivation strategies (9%) and starting level 
(13%). Studies used exercise therapy alone (n=13), or in combination with hip 
arthroscopy (n=10). 

Conclusion  
Only 23 of 52 eligible studies reported sufficient details to be included in the CERT 
synthesis. The median CERT score was 12 (IQR 5-15), with no study reaching the 
maximum score of 19. Lack of reporting makes it difficult to replicate interventions in 
future research, and to draw conclusions on efficacy and dose-response to exercise 
therapy for hip-related pain. 
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Level of evidence    
Level 1, systematic review 

INTRODUCTION 

Hip-related pain is an umbrella term encompassing pain 
arising from non-arthritic hip joint pathologies in three 
categories: 1) femoroacetabular impingement syndrome 
(FAIS), 2) acetabular dysplasia and/or instability, and 3) hip 
joint problems without distinct morphology (such as labral 
and chondral lesions).1 Hip-related pain is associated with 
significant burden in young and middle-aged adults, lead-
ing to poor function and low quality of life.2 

Exercise therapy for musculoskeletal pain is an effective, 
low-cost intervention with few adverse events,3,4 and is 
recommended in high quality clinical practice guidelines 
for diagnoses such as osteoarthritis, low back pain, neck 
pain and rotator cuff disorders.5 Exercise therapy is also 
suggested as a key component of treatment for hip-related 
pain, whether or not surgical intervention is undertaken.6,7 

Physical therapist-led interventions that mainly include ex-
ercise therapy, have moderate positive effects compared to 
sham/control interventions.8 However, the optimal content 
and delivery of exercise therapy is unclear.9 

To establish best practice, the details of exercise therapy 
interventions must be described. Complete reporting of the 
details of an intervention is an important aspect of study 
quality. Incomplete reporting of the intervention details 
within a study limits the ability to inform future research,10 

and lowers the clinical applicability of the research find-
ings.11 With the aim to increase the reporting completeness 
of complex interventions, the CONSORT statement exten-
sion for non-pharmacological trials,10 and the Template 
for intervention description and replication (TIDieR) guide-
lines,12 were developed. The Consensus for Exercise Re-
porting Template (CERT) was developed to guide and fa-
cilitate reporting completeness of exercise therapy 
interventions.13 The CERT checklist can also be used to 
evaluate completeness of reporting of exercise therapy pro-
tocols. It is unknown whether reporting completeness of 
exercise therapy interventions for hip-related pain has im-
proved since the publication of the CERT guidelines (i.e., 
2016). It is also unclear whether any relationship exists be-
tween reporting completeness of exercise therapy interven-
tions and other factors related to study quality, such as risk 
of bias. 
Some studies have examined the reporting completeness 

of exercise therapy interventions for pain around the hip 
and groin.14–16 Systematic reviews have described incom-
plete reporting in studies using exercise therapy as treat-
ment for extra-articular groin pain (i.e. adductor-related, 
inguinal-related or pubic-related groin pain)15 and hip 
OA.14 A recent scoping review examined specific exercises 
for FAIS, and how these relate to proposed pathomechan-
ics, in people treated with a non-operative approach.16 The 
authors used CERT as a secondary measure and a proxy for 
study quality, but did not report any detailed CERT synthe-
sis or description of the intervention content.16 

To the authors knowledge, there are no systematic re-
views examining the completeness of the reporting of exer-
cise therapy interventions with/without concurrent surgical 
intervention for people with hip-related pain. Such knowl-
edge can inform understanding of efficacy of exercise ther-
apy for this patient population, as well as improve future 
research. Therefore, the main aim of this study was to as-
sess the reporting completeness of exercise therapy proto-
cols for people with hip-related pain. In addition, the aim 
was also to provide a summary of the content of the exer-
cise therapy protocols included in the study, as well as com-
pare CERT scores between i) studies published before and 
after publication of CERT, and ii) studies with different lev-
els of risk of bias. 

MATERIALS AND METHODS 

This systematic review, adhering to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement, was preregistered in the PROSPERO database 
(CRD42020154139). 

LITERATURE SEARCH AND STUDY SELECTION 

LITERATURE SEARCH 

A systematic search in the MEDLINE, CINAHL, and 
Cochrane databases was conducted by a research librarian 
for research studies from earliest available to 31 October 
2019 and updated February 19, 2021. The following key 
words were used: 
Population-based terms: ‘hip’, ‘hip pain’, ‘femoroacetab-

ular impingement’, ‘non arthritic hip pain’, ‘acetabular 
labrum’, ‘dysplas*’, ‘hip chondral’, ‘hip instability’ 
Intervention-based terms: ‘exercis*’, ‘training’, ‘physio-

therap*’, ‘therap*’, ‘physical therap*’, ‘rehabilitat*’, ‘man-
ual therap*’, ‘mobilization’, ‘patient education’, ‘conserva-
tive’, ‘non operative’ 
The search strategy was adapted to the different data-

bases (Appendix A). Reference lists of included studies were 
screened for further relevant studies. 

STUDY SELECTION 

Studies were eligible for inclusion if they were randomized 
controlled trials, cohort studies, case control studies, or 
published study protocols that included: 

• People with non-arthritic hip-related pain, as defined 
by the International Hip-related Pain Research Net-
work, Zurich 20181 

• People with persistent pain (>3 months duration) 
• Aged 18 to 50 years 
• A description of exercise therapy, including details 
such as treatment modality, prescription, type and/or 
duration. 
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Review studies and clinical commentaries were not eli-
gible for inclusion. Studies were also excluded if they in-
cluded: 

After the initial search performed by a research librarian, 
all records were imported into the Covidence software, and 
duplicates were removed. Two researchers (AE, AP) con-
ducted independent screening of titles and abstracts and 
eligible studies were read in full text (Figure 1). Any dis-
agreements on inclusion were resolved in a consensus 
meeting, with a third researcher (EA) acting as deciding 
vote if necessary. 

DATA EXTRACTION AND ASSESSMENT 

Descriptive details of included studies were extracted by 
a single researcher and included author, publication year, 
patient population, sample size, participant age, interven-
tion type (exercise therapy alone or in combination with 
surgery), outcome measures and results. 
The CERT checklist17 was used to extract and assess 

the reporting completeness of the included studies. The 
CERT consists of 16 items over seven domains; what (ma-
terials); who (provider); how (delivery); where (location); 
when, how much (dosage); tailoring (what, how); and how 
well (compliance/planned and actual). Each item was 
scored as a 0 (not described), 1 (described) or NA (not ap-
plicable). The score ranges from 0 to 19 with higher num-
bers indicating better description. If any studies compared 
exercise therapy to surgery and exercise therapy, the treat-
ment protocol for the group receiving exercise therapy only 
was examined. If a study had multiple exercise therapy 
treatment groups, the treatment protocol hypothesized to 
be superior was selected for analysis. Data from each study 
and any related sources (i.e., appendices, supplemental ma-
terial, published study protocols, development descriptions 
and feasibility studies) was independently extracted and as-
sessed by two researchers with experience treating hip-re-
lated pain with exercise therapy. The Explanation and Elab-
oration statement to the CERT was used to guide scoring.17 

The reason for any items being considered ‘not described’, 
were recorded. The details and location of each item re-
sponse was recorded for each study (Appendix B). To eval-
uate if completeness of reporting has improved since the 
publication of CERT (December 2016), studies published 
2019 or later were considered likely to have had access to 
the tool during planning and conducting of their study. 
Data related to risk of bias was also independently ex-
tracted and assessed by two researchers (AE, AP) using the 
Cochrane risk of bias tool version 2 (RoB 2).18 Any disagree-
ments on CERT or RoB 2 scores were resolved in a consen-

sus meeting, with a third researcher (EA) acting as deciding 
vote if necessary. 

DATA ANALYSIS 

Cohen’s kappa was used to measure agreement between 
raters on the CERT score and RoB 2 tool, and median and 
inter-quartile ranges (IQR) were used to describe the data. 
The item responses from the included studies were synthe-
sized by a single researcher, to provide an overview of the 
contents of the interventions. Mann-Whitney U test was 
used to compare the CERT scores of studies published be-
fore and after the publication of the CERT checklist, and 
studies with different levels of bias. 

RESULTS 
STUDY SELECTION 

In total, 5444 records were identified, and 234 studies were 
screened in full text. While 52 studies used exercise therapy 
as part of their intervention, only 23 studies19–41 (44%) 
reported any details. The remaining 29 studies were not 
included in the CERT synthesis (Figure 1). Twenty-five of 
these 29 studies were surgical trials, using exercise therapy 
as part of post-operative rehabilitation (Appendix C). 
Study characteristics and CERT scores are described for 

the 23 studies that could be included in the synthesis. 

STUDY CHARACTERISTICS 

STUDY DESIGN 

Of the 23 studies, three were randomized controlled trials 
(RCTs),23,27,30 four pilot RCTs,19,25,29,34 four RCT study 
protocols,21,36,37,41 five prospective case series,20,22,24,26,32 

one feasibility study,28 and six retrospective case se-
ries.31,33,35,38–40 Sample size ranged from 15 to 348. The 
studies used exercise therapy alone,19–29,40,41 or in combi-
nation with hip surgery.30–39 

PARTICIPANTS 

The studies reported mean ages ranging from 23-43 years 
and included participants with a diagnosis of 
FAIS,19–25,27,29,30,34–38 dysplasia,26,28,41 FAIS and border-
line dysplasia,33,39 hip-related pain,31,40 and chondrolabral 
pathology.32 

OUTCOME MEASURES AND RESULTS 

The studies included in the synthesis reported effects of in-
terventions on hip-specific and/or generic patient-reported 
outcome measures, as well as tests of physical function 
(Table 1). 

CERT SCORE SYNTHESIS 

None of the studies referred to CERT in their methods sec-
tion. CERT scores ranged between 1 and 17, with a median 
of 12 (IQR 5-14). Five21,25,28,30,36 studies reported on 15 or 

• People with verified osteoarthritis (Tönnis grade >1) 
• People with total hip replacement 
• People with acute hip injury, such as a fracture of the 
neck of the femur 

• People with extra-articular pain, such as adductor-re-
lated groin pain 

• Interventions including treatment (e.g., therapeutic 
injection therapy or manual therapy) without exer-
cise therapy 
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Table 1. Study characteristics of studies included in the CERT synthesis          

Included 
studies 

Study type Risk of 
bias 

Patient 
population 

Participants 
at baseline, 
PT/control 
(%male) 

Age, PT/
control 
(SD) 

Intervention Outcomes Results Conclusions 

Adib et al 
2018 

Retrospective 
case series 

High Hip-related 
pain 

60 (28) / NA 23 (range 
14-42) / 
NA 

Hip arthroscopy and 
rehabilitation (ROM ex., 
stretching, isolated hip muscle 
ex., functional ex., running 
progressions, sport specific 
drills) 

Incidence of post-
operative iliopsoas 
tendinoapthy 

60 (24%) of patients 
developed post-op iliopsoas 
tendinopathy. 47% resolved 
symptoms with physical 
therapy, 53% required an 
injection. 

Iliopsoas tedinopathy is an 
under-reported complication 
after hip arthroscopy. 

Amar et al 
2021 

Retrospective 
cohort study 

High FAIS 125 (60) / 
NA 

36.7 
(14.4) / 
NA 

Hip arthroscopy and 
rehabilitation consisting of ROM 
ex., soft tissue therapy, isometric 
ex., gradual progression to 
proprioceptive, functional ex., 
and running. 

Primary: Not described 
Secondary: HOS-ADL, 
satisfaction, frequency 
and duration of physical 
therapy sessions, 
perceived importance of 
home program 

HOS-ADL and satisfaction 
level was correlated with 
frequency and duration of 
physical therapy visits as 
well as perceived importance 
of home exercise program. 

Patient perception and the 
length and frequency of 
individual physical therapy 
sessions are important factors 
in self-reported outcomes 
after hip arthroscopy for FAIS. 

Aoyama et 
al 2019 

Pilot RCT High FAIS 12 (0) / 12 
(0) 

43.3 
(range 
31-54) / 
45.8 
(range 
29-54) 

Hip abductor exercises and core 
exercises compared to hip 
abductor exercises alone. 

Primary: Not described 
Secondary: Hip ROM, hip 
strength, trunk 
endurance, iHOT-12, 
mHHS, Vail hip score 

No between group 
differences in hip ROM or 
strength at 8 weeks, Vail and 
iHOT-12 significant 
improvement in trunk 
training group, mHHS no 
difference 

The addition of trunk 
stabilisation exercises 
improves short-term 
outcomes 

Beck et al 
2020 

Retrospective 
cohort study 

High FAIS with 
borderline 
dysplasia 

64 (27) / 
112 (37) 

33.2 
(11.9) / 
33.1 
(12.0) 

Hip arthroscopy and 
rehabilitation consisting of joint 
mobilisations, core ex., gait 
training, functional exercises 

Primary: Not described 
Secondary: HOS-ADL, 
HOS-SS, mHHS, VAS. 

Improvement in all PROMs 5 
years after arthroscopy, 
borderline dysplasia patients 
did not have worse 
outcomes compared to 
isolated FAIS patients. 

Success rates 5 years after 
arthroscopy for FAIS were not 
significantly different 
between patients with 
borderline dysplasia and 
normal acetabular coverage. 

Bennell et 
al 2017 

RCT High FAIS 14 (86) / 16 
(75) 

31.0 (7.0) 
/ 28.6 
(8.1) 

Hip arthroscopy and 
rehabilitation consisting of 
motor control ex. of hip rotators, 
aquatic ex., ROM ex., functional 
ex., jogging and sport specific 
drills 

Primary: iHOT-33, HOS-
Sport 
Secondary: HAGOS, 
Tegner activity scale, 
GRC 

Post-operative physical 
therapy performed better in 
primary outcome in the short 
term, compared to controls. 

Individual physical therapy 
may augment improvements 
in PROMs following 
arthroscopy for FAIS. 

Casartelli 
et al 2018 

Prospective 
case series 

High FAIS 34 (35) / NA 25 (5) / 
NA 

Isolated hip muscle ex., isometric 
trunk training, balance ex., 
stretching & functional ex. 

Primary: Not described 
Secondary: Global 
treatment outcome 
questionnaire (GTO), 
HOS-ADL, HOS-Sport, 
EQ-5D, VAS, hip strength, 
dynamic pelvic control 

52% responders to therapy 
(GTO). PROMs, abduction 
strength, pelvic control 
higher in responders, non-
responders had more severe 
cam 

Half of patients with FAIS 
respond to exercise 
treatment, improvement in 
PROMs, hip abductor strength 
and pelvic control is 
associated with good 
outcomes 

Coppack 
et al 2016 

RCT study 
protocol 

Some 
concerns 

FAIS 50 / 50 
(planned) 

18-50 
(inclusion) 

Motor control ex. of hip rotators 
and trunk/pelvis, isolated hip 
muscle ex., functional ex., 
stretching 

Primary: HAGOS-ADL, 
VAS 
Secondary: NAHS-
physical function, EQ5D, 

NA NA 
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Included 
studies 

Study type Risk of 
bias 

Patient 
population 

Participants 
at baseline, 
PT/control 
(%male) 

Age, PT/
control 
(SD) 

Intervention Outcomes Results Conclusions 

HADS, 6-minute walk 
test, Y-balance test, Hip 
ROM, hip strength, 
SIRBS, adherence 

Emara et al 
2011 

Prospective 
case series 

High FAIS 37 (73) / NA 33 (5) / 
NA 

Stretching, activity modification Primary: not described 
Secondary: HHS, NAHS, 
Hip ROM 

Significant improvements in 
HHS and NAHS, no change in 
hip ROM 

Conservative treatment of 
FAIS achieved good early 
results. 

Freke et al 
2019 

Prospective 
case series 

High Chondrolabral 
pathology 

67 (70) / 67 
(70) 

31 (8) / 31 
(8) 

Hip arthroscopy and 
rehabilitation (ROM ex., 
isometric ex., isolated hip muscle 
ex., functional ex., plyometrics, 
running, sports specific training) 

Primary: Not described 
Secondary: Hip ROM and 
isometric hip strength 

ROM and strength improved 
after arthroscopy and 
rehabilitation, but some 
strength and ROM variables 
remained lesser than 
matched controls 

By 6 months after 
arthroscopy, strength in all 
directions and flexion and 
rotation ROM are significantly 
improved in both limbs. 

Fukui et al 
2015 

Retrospective 
case series 

High FAIS with 
borderline 
dysplasia 

100 (50) / 
NA 

35 (range 
18-69) / 
NA 

Hip arthroscopy and 
rehabilitation (ROM ex., 
isometric contractions, aquatic 
therapy, stretching, isolated hip 
muscle ex., functional ex., trunk 
ex., running, power and 
plyometrics) 

Primary: not described 
Secondary: mHHS, SF-12, 
HOS 

Patients with FAIS and 
borderline dysplasia 
reported improvements in all 
PROMs after arthroscopy 
and rehabilitation. 

FAI and labral pathology can 
be successfully managed using 
hip arthroscopy, with capsular 
management, in patients with 
borderline dysplasia. 

Grant et al 
2017 

Pilot RCT Some 
concerns 

FAIS 9 (50) / 9 
(14) 

37.5 (6) / 
41.7 (12) 

Hip arthroscopy and pre- and 
rehabilitation (circulation, 
muscle activation, ROM ex., 
motor control ex. for trunk/
pelvis , hydrotherapy, balance, 
isolated hip muscle ex., 
functional ex., running drills) 

Primary: not described 
Secondary: NAHS, 
EQ5D-5L, hip muscle 
strength 

Pre-operative exercise 
therapy and post-
arthroscopy rehabilitation 
compared to just 
arthroscopy and 
rehabilitation resulted in 
better outcomes in muscle 
strength and EQ5D. 

Patients undergoing hip 
arthroscopy for FAI, may 
improve their pain, function 
and muscle power pre- and 
post-operatively using specific 
exercises 

Griffin et 
al 2018 

RCT Some 
concerns 

FAIS 177 (64) / 
171 (58) 

35.2 (9.4) 
/ 35.4 
(9.7) 

Motor control ex. for the trunk 
and pelvis, isolated hip muscle 
ex., functional ex. 

Primary: iHOT-33 
Secondary: EQ5D-5L, 
SF12, adverse events, 
health care cost 

Significant improvement in 
primary outcome in both 
arthroscopy and physical 
therapy groups, with more 
improvement in arthroscopy. 

Offering hip arthroscopy to 
patients with FAIS led to 
better patient-assessed 
function 12 months compared 
with best conservative care. 

Guenther 
et al 2017 

Prospective 
case series 

High FAIS 20 (90) / NA 29.8 (6.8) 
/ NA 

Isolated hip muscle ex., isometric 
trunk training, balance, 
functional ex. 

Primary: not described 
Secondary: Isometric hip 
muscle strength, HOOS, 
GRC 

Significant improvement in 
HOOS, and isometric 
strength in abduction, 
internal rotation and 
adduction. 

An exercise programme could 
be safely completed and 
statistically significant 
changes in strength, function, 
and self-reported clinical 
outcomes were achieved. 
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Included 
studies 

Study type Risk of 
bias 

Patient 
population 

Participants 
at baseline, 
PT/control 
(%male) 

Age, PT/
control 
(SD) 

Intervention Outcomes Results Conclusions 

Kemp et al 
2018 

Pilot RCT Some 
concerns 

FAIS 17 (29) / 7 
(29) 

37 (8) / 38 
(10) 

Isolated hip muscle ex., isometric 
trunk training, functional ex., 
plyometrics, cardiovascular 
training 

Primary: Feasibility 
Secondary: iHOT-33, 
HOOS, isometric hip 
muscle strength, hip 
ROM, functional task 
performance 

A full scale study is feasible. 
FAIS-specific physical 
therapist intervention 
performed better than 
standard physical therapy. 

A FAIS specific physical 
therapy intervention may have 
a positive effect on improving 
hip adductor strength, 
reducing pain, and improving 
function. 

Kuroda et 
al 2013 

Prospective 
case series 

High Hip dysplasia 25 (0) / NA 37 (range 
19-55) / 
NA 

Isometric abduction Primary: not described 
Secondary: Hip 
instability, isometric hip 
abduction strength, VAS 

Improvement in hip 
instability and VAS after 
abductor training, no 
significant increase in 
abductor strength. 

Abductor muscle 
strengthening exercises can 
significantly improve patient 
pain levels and muscle 
strength 

Mansell et 
al 2018 

RCT High FAIS, military 
population 

40 (65) / 40 
(52) 

30.6 (7.4) 
/ 29.7 
(7.4) 

Mobility ex., isolated hip muscle 
ex., isometric trunk training, 
functional ex. 

Primary: HOS 
Secondary: iHOT-33, 
GRC 

Significant improvement in 
primary outcome in both 
groups, no significant 
differences between groups. 

Most patients perceived little 
to no change in status at 2 
years, and one-third of 
military patients were not 
medically fit for duty at 2 
years. 

Mcgovern 
et al 2021 

Retrospective 
cohort study 

High Pre-arthritic 
hip pain 

46 (33) / NA 30 (12) / 
NA 

Individualized supervised and 
home-based exercise therapy 
mainly using functional ex. 

VAS, HOS-ADL, HOS-SS 30 out of 46 improved their 
functional performance tests 
and these patients also 
reported better 
improvements in PROMs. 

Patients that improved their 
functional movement control 
following rehabilitation are 
likely to report less pain and 
greater functional ability in 
their daily and sports-related 
activities. 

Mortensen 
et al 2018 

Feasibility 
study 

High Hip dysplasia 16 (25) / NA 28 (range 
22-40) / 
NA 

Isolated hip muscle machine-
based training, functional ex. 

Primary: Feasibility (VAS, 
adherence, drop-out) 
Secondary: HAGOS, hop 
tests, isokinetic hip 
strength 

The treatment had good 
adherence and few adverse 
events, and showed 
improvement in HAGOS, hop 
tests and strength. 

Supervised progressive 
resistance training is feasible 
and may improve pain, 
PROMs, functional 
performance and hip flexion 
muscle strength. 

Reimer et 
al 2021 

RCT study 
protocol 

Some 
concerns 

Hip dysplasia 48 / 48 
(planned) 

18-40 
(inclusion) 

Progressive resistance training 
using cable machines and 
dumbbells/barbells, with gradual 
increase in intensity 

Primary: HAGOS 
Secondary: HAGOS sub 
scales, single leg hop for 
distance, adverse events 
and medications 

NA NA 

Riff et al 
2018 

Retrospective 
case series 

High FAIS 32 (41) / NA 34.7 (6.7) 
/ NA 

Hip arthroscopy and 
rehabilitation consisting of 
isometric ex., functional ex., 
plyometrics, running, trunk 
isometric training 

Primary: Not described 
Secondary: Return-to-
HIIIT questionaire, 
mHHS, HOS 

A high rate of patients 
returned to high-intensity 
training at the same level 
after arthroscopy and 
rehabilitation 

Patients participating in HIIT 
returned to sport 88% of the 
time at a mean 9.8 6 5.7 
months after hip arthroscopic 
surgery for FAIS. 

Risberg et 
al 2018 

RCT study 
protocol 

Low FAIS 70 / 70 
(planned) 

18-50 
(inclusion) 

Hip arthroscopy and 
rehabilitation consisting of 
isolated hip muscle ex., 
functional ex. plyometric ex., 

Primary: iHOT-33 
Secondary: HOOS, 
Arthritis Self-Efficacy 
Scale, Tampa Scale of 

NA NA 

Are Exercise Therapy Protocols For The Treatment of Hip-Related Pain Adequately Described? A Systematic Review of...

International Journal of Sports Physical Therapy



Included 
studies 

Study type Risk of 
bias 

Patient 
population 

Participants 
at baseline, 
PT/control 
(%male) 

Age, PT/
control 
(SD) 

Intervention Outcomes Results Conclusions 

trunk isometric training, aerobic 
training 

Kinesiophobia, HSAS, 
PSFS, GRC, hip ROM, 
isometric hip strength, 
functional task 
performance 

Tijssen et 
al 2016 

RCT study 
protocol 

Some 
concerns 

FAIS 15 / 15 
(planned) 

18-50 
(inclusion) 

Hip arthroscopy and 
rehabilitation consisting of ROM 
ex., stretching, aerobic training, 
isolated hip muscle ex.), 
functional ex., sport specific ex. 

Primary: Feasibility 
Secondary: iHOT-33, 
functional task 
performance, hip ROM, 
isometric hip strength, 
HSAS, GRC 

NA NA 

Wright et 
al 2016 

Pilot RCT Some 
concerns 

FAIS 7 (43) / 8 
(12) 

31.0 (4.9) 
/ 36.1 
(11.8) 

Supervised training (stretching, 
isolated hip muscle ex., 
functional ex., trunk muscle 
training) and manual therapy. 

Primary: HOS, VAS 
Secondary: Lower 
extremity functional 
scale (LEFS), GRC, 
functional task 
performance 

Improvement in pain and 
PROM in both groups, no 
significant difference 
between groups 

Physical therapy interventions 
provide significant, clinically 
important improvements in 
pain for patients with FAI. 
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Figure 1. Flowchart of study selection     

more CERT items (75%), 1420,21,23–30,34,36,37,41 reported on 
10 (50%) or more and 18 studies19–21,23–30,32–34,36,37,40,41 

reported on five (25%) or more items. No study had the 
maximum score of 19. The most reported items were tailor-
ing (14a and 14b), which was reported in 2019–34,36,37,40,41 

of 23 studies. The lowest score was observed for motivation 
strategies (item 6) and starting level (item 15), which was 
reported in two23,37 and three21,28,41 studies, respectively. 
Details regarding scores are provided in Table 2, and proto-
col content in Appendix B. The agreement for CERT scores 
between the two raters was K=0.72, representing a substan-
tial agreement. 

CERT ITEMS SYNTHESIS 

WHAT (ITEM 1) 

Eighteen (78%) studies19,21–30,32–34,36–39 described equip-
ment used. Commonly used materials were resistance 
bands, weight cuffs, stationary bicycles, and unstable sur-
faces. While most studies described the equipment used 
(e.g., leg press), the specific type of equipment (e.g. model 
of machine) or resistance level was rarely described. 

WHO (ITEM 2) 

Six (26%) studies21,25,29,30,34,36 sufficiently described the 
title and qualifications of the prescriber. Of the studies 
that did not report this item, eleven stud-
ies20,23,24,26–28,32,37,38,40,41 described the professional title 
(primarily physical therapists) but not qualifications or ex-
perience, while six studies19,22,31,33,35,39 provided no de-
tails about the prescribers. 

HOW (ITEM 3-11) 

INDIVIDUAL/GROUP (ITEM 3) 

Eleven (48%) studies20,21,23–27,29,30,34,37 provided detail 
whether exercise therapy was conducted in individual or 
group settings, with all 11 studies using individual training 
sessions. 

SUPERVISED/UNSUPERVISED (ITEM 4) 

Sixteen (70%) studies20,21,23–30,34,36–38,40,41 reported on 
supervision. Fourteen of 
these20,21,23–25,27,29,30,34,36–38,40,41 used a combination of 
supervised (ranging from 5-24 sessions) and non-super-
vised exercise. One study28 had supervision on every train-
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Table 2. CERT scores   

Author 
and year 

1. 
Equipment 

2. 
Qualifi-
cations 

3. 
Individual/ 

group 

4. 
Supervision 

5. 
Adherence 

6. 
Motivation 

7a. 
Progression 

criteria 

7b. 
Program 

progression 

8. 
Exercises 

9. Home 
component 

10. 
Non-

exercise 

11. 
Adverse 
events 

12. 
Setting 

13. 
Interv-
ention 

14a. 
Generic 

or 
tailored 

14b. 
How 

was it 
tailored 

15. 
Starting 

level 

16a. 
Fidelity 

16b. 
Delivery 

as 
planned 

Sum 

Bennell et 
al 2017 

1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 1 17 

Coppack 
et al 2016 

1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 NA 16 

Kemp et al 
2018 

1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 0 1 1 16 

Risberg et 
al 2018 

1 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1 0 1 NA 15 

Mortensen 
et al 2018 

1 0 0 1 1 0 1 1 1 1 1 1 1 1 1 1 1 0 1 15 

Tijssen et 
al 2016 

1 0 1 1 1 1 0 0 1 1 1 1 1 1 1 1 0 1 NA 14 

Guenther 
et al 2017 

1 0 1 1 1 0 1 1 1 1 0 1 1 1 1 1 0 0 1 14 

Grant et al 
2017 

1 1 1 1 1 0 1 0 1 1 1 0 1 1 1 1 0 1 0 14 

Griffin et 
al 2018 

1 0 1 1 1 1 0 0 1 1 1 1 1 0 1 1 0 1 1 14 

Wright et 
al 2016 

1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 0 1 0 14 

Reimer et 
al 2021 

1 0 0 1 1 0 1 1 1 1 0 1 1 1 1 1 1 0 NA 13 

Kuroda et 
al 2013 

1 0 1 1 1 0 0 1 1 1 0 1 1 1 1 1 0 0 0 12 

Casartelli 
et al 2018 

0 0 1 1 1 0 0 0 0 1 1 1 1 1 1 1 0 0 1 11 

Mansell et 
al 2018 

1 0 1 1 0 0 0 1 1 0 1 0 1 1 1 1 0 0 1 11 

McGovern 
et al 2020 

1 0 0 1 0 0 0 0 1 1 0 0 1 0 1 1 0 0 0 7 

Aoyama et 
al 2019 

1 0 0 0 0 0 0 0 1 0 1 0 0 1 1 1 0 0 0 6 

Fukui et al 
2015 

1 0 0 0 0 0 1 0 1 0 1 0 0 0 1 1 0 0 0 6 

Freke et al 
2019 

1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 0 5 

Emara et al 
2011 

1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 4 

Amar et al 
2021 

0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 3 

Adib et al 
2018 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 2 

Beck et al 
2021 

0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 2 

Riff et al 
2018 

0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 

Sum 18 6 11 16 12 2 8 10 17 14 17 12 17 14 20 20 3 8 7 

NA= non-applicable (due to study being a study protocol) 
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ing session (20 sessions), and one study26 had no supervi-
sion. 

ADHERENCE (ITEM 5) 

Twelve (52%) studies20,21,23–26,28,30,34,36,37,41 reported ad-
herence tracking. Eight studies20,21,23–25,34,36,37 used a 
training diary or app, two studies21,30 a Likert scale, two 
studies19,26 used verbal confirmation of adherence, and 
three studies28,30,41 recorded the number of attended ses-
sions. 

MOTIVATION (ITEM 6) 

Two (9%) studies23,37 reported any motivation strategies 
used. This consisted mainly of education on the importance 
of adherence to the exercise therapy. 

PROGRESSION (ITEMS 7A&B) 

Eight (35%) studies24,28,30,32–34,36,41 reported criteria for 
progression of exercise. The criteria varied, with studies re-
porting the use of time frames,41 pain free range of motion 
and ambulation,32–34 pain free exercise execution,30,32–34 

a rate of perceived exertion24,36 and/or VAS pain cut-off,36 

being able to complete >2 repetitions above prescribed on 
last set,28,41 and/or force production limb symmetry in-
dex32–34 as markers for progression. 
Ten (43%) studies21,24–26,28–30,36,41 described how the 

program was progressed. Most studies used concurrent 
means of progression, including: i) increased exercise vol-
ume (repetitions and/or sets performed),21,25,26,41 ii) in-
creased intensity, targeting heavier loads,25,28,29,36,41 iii) 
progression from isolated muscle exercises to more com-
plex motions, such as compound functional movements, 
single leg work or unstable surfaces,21,24,25,29,30,36 iv) ad-
dition of more exercises over time,27 v) faster loading rates, 
such as plyometric training.25,36 

EXERCISES (ITEM 8) 

Seventeen (74%) studies19,21,23–30,32–34,36,37,40,41 reported 
the exercises used. These included isolated non-weight-
bearing exercises (such as side lying hip abduc-
tion),19,21,23–30,32–34,36,37,41 isometric trunk training (such 
as planks),19,24,25,27,29,33,36 compound lower extremity ex-
ercises (such as squats and 
lunges),21,23–25,27–30,32–34,36,37,40,41 cardiovascular train-
ing (with exercise bikes, elliptical machines or run-
ning),25,30,32–34,36 stretching/mobility,21,27,29,30,32–34,37 

and/or plyometrics (jumping and landing drills, running 
progressions).25,32–34,36 

HOME COMPONENT (ITEM 9) 

Fourteen (61%) studies20,21,23–26,28–30,34,36,37,40,41 re-
ported on any home component to their exercise program. 
Twelve studies20,21,23–25,29,30,34,36,37,40,41 primarily pro-
vided participants with a home-based program, with super-
vised sessions to check exercise technique and progression. 
One study26 used a home program only as the intervention, 
and one study28 used no home component. 

NON-EXERCISE COMPONENT (ITEM 10) 

Seventeen (74%) studies19–23,25,27–30,33–39 described any 
non-exercise component. Manual therapy (such as soft-tis-
sue treatment and/or mobilizations) was performed in 13 
studies21,23,25,27,29,30,33–39 and 8 studies19–23,25,30,34 used 
patient education, commonly concerning hip anatomy and 
activity modification. 

ADVERSE EVENTS (ITEM 11) 

Twelve (52%) studies20,21,23–26,28–30,36,37,41 described ad-
verse events related to their exercise intervention. No se-
rious adverse events related to exercises were reported, 
though 4 studies23,24,28,30 reported participants experienc-
ing muscle soreness and a transient increase in pain after 
exercise therapy. One study reported approximately 25% of 
patients dropping out of the intervention due to increases 
in pain or fatigue related to the exercises.26 

WHERE (ITEM 12) 

Seventeen (74%) studies20,21,23–30,34,36–41 included de-
scriptions of the study setting, with exercise therapy in-
terventions mostly being performed at outpatient physical 
therapy clinics. 

WHEN/HOW MUCH (ITEM 13) 

Fourteen (61%) studies19–21,24–30,34,36,37,41 reported on in-
tervention dosage. The duration ranged from three weeks 
to six months, and frequency ranged between daily training 
to three sessions weekly. Six studies21,24,28,30,36,41 pro-
vided dosage anchored against a measure of intensity, such 
as rate of perceived exertion or a percentage of repetition 
maximum (RM).28,36,41 

TAILORING (ITEMS 14-15) 

Twenty (87%) studies19–34,36,37,40,41 reported whether the 
program was tailored to the individual, of which 15 used an 
individualized approach20,21,23–25,27,29–34,36,37,40 and five 
a generic program.19,22,26,28,41 The treating physical ther-
apist tailored the program based on the patient impair-
ment, pain-free range of motion surgical procedure, and 
desired activity levels and sport-specific demands. Three 
studies (13%)21,28,41 reported the patients’ starting level, 
two of which RM-based starting levels,28,41 and one where 
the treating physical therapist adapted the starting dose 
based on patient presentation.21 

HOW WELL (ITEM 16 A & B) 

Eight (35%) studies21,23,25,29,30,34,36,37,41 reported on in-
tervention fidelity. To increase fidelity, physical therapists 
delivering the intervention were given written instruc-
tion21,23,30,34,36 and physical training21,23,25,29,30,36 in ap-
plication of the protocol. Two studies used follow up ses-
sions with the researchers.23,36 The authors of two studies 
were also treating clinicians.25,37 Seven studies 
(54%)20,23–25,27,28,30 reported whether the interventions 
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were delivered according to plan, primarily using reports 
of adherence and attended sessions to describe the applied 
intervention. The included RCT study protocols21,36,37,41 

were not applicable for this item as the intervention had 
not been completed. 

STUDIES PUBLISHED BEFORE AND AFTER CERT 

Studies published before 201921–31,33–37 had higher (bet-
ter) CERT scores (n=16, median 14, IQR 7.25-15) compared 
to those published 2019 or later19,20,32,38–41 (n=7, median 
6, IQR 3-11) (p=0.034). 

RISK OF BIAS 

Risk of bias was high in 14 stud-
ies,19,20,22,24,26–28,31–33,35,38–40 some concerns in 8 stud-
ies21,23,25,29,30,34,37,41 and low in one study36 (Table 1, Ap-
pendix D). Studies with some concerns or low risk of bias 
were analyzed together (n=9), and had higher CERT scores 
(median 14, IQR 14-16) compared to those with high risk of 
bias (n=14) (median 6, IQR 3-11) (p<0.001). Agreement for 
risk of bias was substantial (K=0.69). 

DISCUSSION 

Fifty-two studies used exercise therapy as part of their in-
tervention to treat hip-related pain, but 29 studies provided 
no details beyond mentioning the use of exercise therapy 
and could not be included in the CERT synthesis. Of the 23 
studies included in the synthesis, the median CERT score 
was 12 (IQR 5-14) and none reached the maximum score of 
19. The results suggest that studies using exercise therapy 
to treat hip-related pain did not report protocols in suffi-
cient detail to allow replication in future studies or clinical 
practice. 
In line with the results of the present study, previous 

systematic reviews have reported median CERT scores 
ranging from 5-15 in exercise therapy studies for diagnoses 
such as rotator cuff disorders,42 achilles rupture,43 low back 
pain,44 and hip OA.14 In the present study, the most de-
scribed item was tailoring (item 14a and 14b, described 
by 87%), while the least reported items were motivation 
strategies (item 6, 9%) and starting level (item 15, 13%). 
Motivation is a key factor in adherence to rehabilitation,45 

and behavior change related to physical activity.46 A lack of 
describing motivational strategies could imply this aspect 
has not been considered, which could in turn limit the ef-
fectiveness of otherwise well designed and described proto-
cols. People with hip-related pain is a heterogenous group 
with varying levels of functional impairments.2,47 There-
fore, the appropriate starting level may be unique to the 
individual, and a lack of criteria description may lead to 
a starting level that is too challenging for some, and not 
sufficiently demanding for others. Also, less than half of 
the studies described progression criteria (item 7a, 35%), 
or how progression was performed (item 7b, 43%), and 14 
of 23 (61%) studies had descriptions of dosage, such as 
repetitions, sets and frequency (item 13). This is in ac-

cordance with previous systematic reviews where the com-
monly unreported items were motivation strategies, start-
ing levels, progression criteria and fidelity.14,42–44 Based 
on our results and similar reviews, important aspects of 
exercise therapy protocols are consistently unreported in 
the literature. Improvement of reporting completeness may 
better our understanding of exercise therapy for this pa-
tient population, as well as allow for replication in further 
studies and implementation into clinical practice. 
As the optimal exercise therapy for people with hip-re-

lated pain is currently unknown, a clinical focus on impair-
ments related to the disorder, such as reduced hip muscle 
strength, has been suggested.7 Without complete report-
ing in research trials, the strategies to best address these 
impairments are unclear. Also, results from trials compar-
ing exercise therapy to other interventions, such as hip 
arthroscopy, need to be analyzed with completeness of re-
porting in mind, as exercise therapy may encompass a wide 
range of treatment strategies. 
In the present study, CERT scores were significantly 

lower (worse) in studies published 2019 or later compared 
to those published earlier. One reason for this result could 
be that only six studies were published in the later time 
frame, whereof three were retrospective. Complete report-
ing requires thorough planning which is less likely achieved 
in a retrospective compared to a prospective design. Al-
though the goal of reporting guidelines, such as CERT, is 
to improve reporting completeness, a recent systematic re-
view using TIDieR found that reporting on physical therapy 
interventions had not meaningfully improved in a sample 
of trials from 2000 and 2018.48 This, and the fact that no 
studies in our review referred to CERT in their methods sec-
tion, indicate of a lack of implementation of guidelines by 
the research community. In our review, studies with lower 
risk of bias had significantly higher CERT scores than those 
with higher risk of bias. While the RoB 2 tool was designed 
to assess risk of bias in RCTs, the authors used it as a sec-
ondary measure for all included studies to provide a broad 
picture of the risk of bias, although this tool may not be 
the most appropriate for all study designs. While CERT and 
the RoB 2 measure different constructs, their association 
may reflect that a more thoroughly designed and planned 
study address factors related to risk of bias as well as inter-
vention transparency. Increasing the overall scientific rigor 
of the published literature by raising awareness and imple-
mentation of relevant guidelines, and addressing important 
aspects of risk of bias, may also affect reporting complete-
ness. 
CERT has been suggested to be used as a checklist when 

planning an exercise therapy protocol, and as a measure of 
reporting completeness in systematic reviews on exercise 
therapy.17 There are some challenges in using CERT in sys-
tematic reviews. First, there is no consensus on what is 
to be considered a good or sufficient score. Charlton et al 
used a classification of CERT scores based on percentage of 
items described; high (>75% of items reported), moderate 
(60-74%) and poor (<60%) levels of reporting standard.15 

However, these values were chosen based on cut-offs from 
the Downs and Black scale, and not on recommendations 
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or evaluation of data specific to CERT. Second, the max-
imum score of 19 was not met by any studies included 
in the current study or in any of the other reviews using 
CERT,15,16,42–44 apart from one study in the systematic re-
view on hip osteoarthritis.14 Further research into what 
constitutes a realistic and relevant score might be needed. 
Third, the use of a composite overall score may not be ap-
propriate, as some items may be of greater importance to 
allow replication. For example, the type and goal of exer-
cises performed (for example: isolated hip muscle strength, 
functional performance), the dosage prescribed (volume, 
intensity), progression and adherence might be considered 
the basis of an exercise therapy protocol, with other items 
providing additional details. Further research on the rela-
tive importance of items or domains in the CERT may en-
hance its interpretability, and potentially lead to weighting 
of different items. 
Strengths of this study include adherence to established 

guidelines and good agreement between raters. Both raters 
were experienced in using exercise therapy for hip-related 
pain, which may be valuable for understanding the nuance 
of the protocols. Also, the inclusion of a comprehensive de-
scription of the exercise therapy protocol content may serve 
as a summary to researchers and clinicians. There are lim-
itations to the current study. To be included in the CERT 
synthesis, the inclusion criteria required some form of ex-
ercise therapy description. For this reason, most studies (29 
of 52) that had used exercise therapy could not be included 
in the CERT synthesis, due to no description of their inter-
vention. As such, these results may paint an overly posi-
tive picture of the state of reporting completeness for this 
patient population and should be viewed in combination 

with the other 29 studies. It should be noted that 25 of the 
29 studies not included in the CERT synthesis were surgi-
cal studies using exercise therapy as part of post-operative 
care, highlighting a lack of reporting in these trials. 

CONCLUSIONS 

Less than half of the studies (23 out of 52) using exercise 
therapy to treat hip-related pain reported sufficient details 
to be included in the CERT synthesis. Of the 23 studies in-
cluded in the synthesis, the median CERT score was 12 (IQR 
5-15), with no study reaching the maximum CERT score of 
19. Interestingly, studies with less risk of bias had better 
CERT scores. Furthermore, the publication of CERT did not 
yield better scores. Taken together this seems to suggest 
that study rigor may drive better overall exercise interven-
tion reporting. The lack of reporting completeness of exer-
cise therapy protocols makes it difficult to replicate inter-
ventions in future research as well as in clinical practice, 
and to draw conclusions on efficacy and dose-response to 
such interventions. 
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Background  
Low back pain (LBP) is highly prevalent in the rowing population. The body of existing 
research variously investigates risk factors, prevention, and treatment methods. 

Purpose  
The purpose of this scoping review was to explore the breadth and depth of the LBP 
literature in rowing and to identify areas for future research. 

Study Design   
Scoping review 

Methods  
PubMed, Ebsco and ScienceDirect were searched from inception to November 1, 2020. 
Only published, peer-reviewed, primary, and secondary data pertaining to LBP in rowing 
were included for this study. Arksey and O’Malley’s framework for guided data synthesis 
was used. Reporting quality of a subsection of the data was assessed using the STROBE 
tool. 

Results  
Following the removal of duplicates and abstract screening, a set of 78 studies were 
included and divided into the following categories: epidemiology, biomechanics, 
biopsychosocial, and miscellaneous. The incidence and prevalence of LBP in rowers were 
well mapped. The biomechanical literature covered a wide range of investigations with 
limited cohesion. Significant risk factors for LBP in rowers included back pain history and 
prolonged ergometer use. 

Conclusion  
A lack of consistent definitions within the studies caused fragmentation of the literature. 
There was good evidence for prolonged ergometer use and history of LBP to constitute 
risk factors and this may assist future LBP preventative action. Methodological issues 
such as small sample size and barriers to injury reporting increased heterogeneity and 
decreased data quality. Further exploration is required to determine the mechanism of 
LBP in rowers through research with larger samples. 

INTRODUCTION 

Low back pain (LBP) is a common complaint in the general 
population all over the world and often persists beyond the 

acute stage.1,2 It is commonly associated with sedentary 
occupations and lifestyles, obesity and smoking.1 Through-
out the general population, research regarding epidemiol-
ogy of LBP has been well established.3 Physical activity has 
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been suggested to have a protective effect against LBP,4 and 
it is well documented that participation in sport has a pos-
itive effect on health in general.5 However, there is an in-
verse relationship between LBP risk in sedentary and in ac-
tive people.6 There is an absence of information regarding 
the ideal dose-effect relationship of physical activity.3 Back 
pain is common among athletes and regularly influences 
sport performance and participation.3 A consensus state-
ment published in 20217 examined the management and 
prevention of LBP in rowing. Their findings corroborated 
those in this study. 

Intense physical activity may create a greater risk of 
LBP,6 particularly in demanding sports such as rowing.8 

In New Zealand, the Accident Compensation Corporation 
(ACC) identifies the back/spine to be the most commonly 
injured area in rowing.9 The literature has covered a variety 
of different aspects of LBP, but its value is limited due to its 
heterogeneity. Epidemiological investigation has observed 
the widespread nature of the condition. Furthermore, var-
ious mechanical factors have been investigated to exam-
ine their impact on LBP in the rower and finally, a biopsy-
chosocial approach to management has tentatively been 
explored. 

A LBP definition has not been precisely determined, po-
tentially due to a lack of definition within the literature.10 

The heterogeneous data sets and wide variety of topics ex-
plored through the literature make a scoping review the 
best-suited study methodology to systematically map and 
appraise all the available literature and identify areas for 
further research. Therefore, the aim of this scoping review 
was to investigate and collate the available literature re-
garding LBP in rowing to inform athletes, coaches, and fur-
ther research. 

METHODS 

The original methodological framework for scoping reviews 
published by Arksey and O’Malley11 and amended by Levac 
et al12 along with the reporting checklist developed by 
Tricco et al13 were utilized to synthesize relevant informa-
tion available within the peer-reviewed literature. Updated 
guidance for scoping reviews was provided by Peters et al.14 

IDENTIFICATION OF THE RESEARCH QUESTION 

The current scoping review was directed by using the fol-
lowing broad research question: What is the current peer-re-
viewed literature that has examined low back pain in rowing? 

The objectives of the review were: (1) to complete a 
scoping review on the current literature available on low 
back pain (LBP) in rowing, (2) to investigate the breadth 
and depth of research regarding LBP within the rowing pop-
ulation, (3) to elucidate areas where research may be lack-
ing to inform future research, and (4) to undertake a critical 
appraisal to assess the quality of research within a clinically 
or scientifically important section of the total literature re-
viewed. 

IDENTIFICATION OF THE RELEVANT STUDIES 

The search strategy was developed by the first author with 
input from a knowledge specialist, amended by the second 
author and applied to PubMed, ScienceDirect, and Ebsco 
health database (final search: 01.11.2020). Combinations of 
the following search terms were used on each database: 
“low back pain” OR “low back injury” OR “lumbar injury” 
AND “rowing” OR “rower”. 

STUDY SELECTION 

Eligibility criteria were drafted prior to conducting the 
search, and in accordance with the process described by 
Arksey and O’Malley,11 any modifications required were ap-
plied throughout the progress of the review. The inclusion 
criteria were the following: (1) includes combinations of 
search terms within the title and/or abstract, (2) is on LBP 
in the context of the sport rowing, (3) full text available 
online, (4) no date restriction, (5) peer-reviewed published 
data. Exclusion criteria were as follows: (1) studies relating 
to similar water sports not specified to be rowing, (2) stud-
ies not relating to the region of the low back, and (3) grey 
literature. 

The selection process comprised two screening levels: 
(1) a title/abstract/keyword review and (2) full-text review. 
During the initial screen, the first author reviewed titles 
and abstracts of the identified articles. Each citation from 
the electronic bibliographic database were entered into a 
Microsoft ® Excel (version 2002) spreadsheet, screened 
through the eligibility criteria and then concluded to be ei-
ther included or excluded. Throughout this initial level of 
screening, it was clear that the search terms were not broad 
enough and were expanded from “low back pain” to include 
“low back injury” and “lumbar injury”. 

During the second level of review, the full texts of studies 
were reviewed by the first author to establish their eligi-
bility. Additionally, reference lists of included studies were 
searched manually to identify further pertinent studies 
(Figure 1). Each study picked up during the full-text review 
to meet the inclusion criteria were collated in Mendeley 
Desktop (version 1.19.4). 

Three papers identified in the search were not published 
in English. Submitting these texts to Google Translate, re-
sulted in significant translation errors and they were ex-
cluded. 

SCREENING AND AGREEMENT 

Throughout the initial screening level, studies reviewed by 
the primary author were reviewed by the second and third 
authors and a consensus as to eligibility was obtained. The 
inclusion and exclusion criteria were checked against a 
sample of the papers found through the first search (28 
papers) by the second author and ‘substantial’ agreement, 
Fleiss Kappa = 0.625,15 was found between the authors’ de-
cisions on inclusion of the subset of papers. Any discrepan-
cies were resolved with the help of the third author until a 
consensus was reached. 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews             
(PRISMA-ScR) flow diagram of the search strategy and study selection.         13  

DATA CHARTING PROCESS 

Data were extracted from the pertinent studies with the use 
of a standardized data charting form (where relevant) on 
the ensuing features: (1) Citation details, (2) sample size, 
(3) study aim, (4) results, and (5) definition given (Appen-
dix 1). 

COLLATING AND SUMMARIZING THE FINDINGS OF 
INCLUDED STUDIES 

ANALYZING THE DATA 

The remaining 78 studies were examined for similarities 
and differences once the primary author had established fa-
miliarity with the data. The papers were then categorized 
into four main themes as follows: (1) epidemiology, (2) 
biomechanics, (3) biopsychosocial, and (4) miscellaneous. 
Each theme was subsequently divided into further sub-cat-
egories (Table 1). 

DATA VALIDATION 

Agreement on study selection of the papers into the themes 
created by the primary author was attained and finalized 
through verification of 5% of the total number of articles 
(four of the total 78 papers) by the second and third au-
thors. One paper from each of the four themes was picked 
out at random for verification. Any discrepancies found 
throughout the verification process were talked through by 
the authors until a final decision was reached. 

REPORTING 

Data were analyzed by sorting the extracted data concern-
ing the research question and objective of the review. The 
results were displayed in accordance with the four themes 
and their individual categories, using an illustrative outline 
of the key findings, summarized, and displayed in table for-
mat (Appendix 1). 

CRITICAL APPRAISAL 

A total of 12 papers with primary data within the epi-
demiology category were appraised using The Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) tool.16 This tool was created to assist authors 
when producing analytical observational studies and “…to 
facilitate critical appraisal and interpretation of re-
sults”.16,17(p1) 

RESULTS 

Overall, the search yielded 1,002 studies, of which 501 were 
screened after the elimination of duplicates (Figure 1). First 
level (title and abstract) screening eliminated 414 studies. 
Thirteen further studies were eliminated during the second 
level (full text) review (Figure 1). Four additional studies 
were found to be relevant during manual searching of refer-
ence lists, resulting in a total of 78 studies included in this 
study. Included studies were allocated into one or several of 
four main themes, epidemiology, biomechanics, biopsychoso-
cial, and miscellaneous, and studies were classified to a spe-
cific category within the theme (Table 1). In five instances, 
papers were identified into two categories.18–22 
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Table 1. Overview of included studies     

Theme Category Studies 
included 
n (%)# 

Epidemiology 

Aggravating 
factors 

18 (23) 

Sex differences 8 (10) 

Incidence 17 (22) 

Prevalence 
Previous injury 
Time off for 
injury 

9 (11) 
6 (8) 
6 (8) 

Total 31 (40) 

Biomechanics 

Spinal mobility 20 (26) 

Muscle 
contribution 

20 (26) 

Pre-participation 
evaluation tool 

5 (6) 

Lower extremity 
force 

7 (9) 

Total 42 (54) 

Biopsychosocial 

Total 5 (6) 

Miscellaneous 

Opinion 
Other 

4 (5) 
2 (3) 

Total 6 (8) 

Percentages rounded to nearest whole number and total will exceed 100 due to overlap 
between categories. 

Only 21% (27) of the total papers mentioned a definition 
of either low back pain (LBP), back pain or injury (Appendix 
1). Definitions were most commonly given within the epi-
demiology category (18 of 27). 

EPIDEMIOLOGY 

Low back pain (LBP) in rowers was explored through peer-
reviewed literature and included the incidence and preva-
lence of LBP, aggravating factors, sex differences, previous 
injury, and time off training or competition. 

Incidence of LBP was reported as 1.5-3.7 per 1000 hours 
of rowing training and competition,21,23,24 and LBP preva-
lence was observed to be between 6% and 66% over 12 
months.8,21 Seventeen papers reported inci-
dence,8,20,21,24–37 the number of people developing LBP 
during one time, while nine papers reported preva-
lence,3,22,23,27,38–42 the number of people who have LBP at 
one time. Three papers employed a prospective design with 
both incidence and prevalence reported.8,21,29 

Throughout the primary data sources, many papers uti-
lized retrospective questionnaires.eg, 32,33,38 Of the 19 pa-
pers employing questionnaires, four adapted the standard-
ized Nordic Musculoskeletal Questionnaire43 with 
additional rowing-specific questions.8,27,40,41 Four papers 

used custom-made rowing-specific question-
naires.21,33,34,37 One study adapted the Rugby Injury and 
Performance Project questionnaire44 along with inter-
views.24 Ten did not specify the questionnaire uti-
lized.20,22,23,25,26,28,32,35,38,39 

The low back was reported as the most commonly in-
jured site for rowers in sixteen of the included stud-
ies.3,10,21,28,30,33,34,37,38,42,45–50 The low back injury rate 
was reported to be 53% of total injuries for rowers.41 Thus, 
many studies investigated risk factors for LBP in rowers. 

The rowing stroke requires repetitive actions that place 
an increasing load on the lumbar spine.10 Wilson et al10 

identified the most significant risk factors for LBP onset 
to be a history of lumbar spine injury and volume of er-
gometer training (Appendix 1). Stationary ergometers were 
suggested to increase the risk of LBP onset or exacerba-
tion10,21,23,24,28,32 with many papers identifying use for 
more than 30 minutes to increase risk. Trease et al29 re-
ported dynamic ergometers to be positively associated with 
a lower incidence and burden of low back injury compared 
to stationary ergometers. It must be noted here that the 
majority of studies observing prolonged ergometer use do 
not specify the type of ergometer. It may be inferred that 
for most articles, stationary ergometers are discussed as 
these are the more widely used models since their invention 
in 1981.51 In contrast, dynamic ergometers are a more re-
cent innovation being created in 2010.51 Moreover, none of 
the studies included in the present review have commented 
specifically on the effects of prolonged dynamic ergometer 
use. 

Training in winter was associated with higher rates of 
LBP development potentially due to increased volumes of 
land-based training,10,24,35 including the use of free 
weights and weight machines.28,29,32,39 Additional factors 
suggested to contribute to LBP in rowers included on-water 
rowing28,29 and long rowing sessions.23 Results regarding 
frequency of injuries by sex were inconsistent and incon-
clusive.21,27–29,33,35,37,38 

Arend et al39 identified higher LBP intensity when train-
ing between seven to 16 hours per week compared with 
lower training volumes. Additionally, Newlands et al21 

found a positive correlation between LBP and total training 
hours (on- and off-water) as well as with kilometers rowed 
per month (Appendix 1). 

Previous history of LBP was positively associated with 
further LBP episodes.8,10,21,25,26,32 O’Kane et al25 observed 
that rowers with previous back pain had a higher risk of fur-
ther episodes than rowers without. However, rowers with 
preexisting back pain had less time off training while indi-
viduals without were more likely to end their rowing career 
due to back pain.25 

Finlay et al38 observed 39.2% of their cohort reported 
more than 21 days off training or competition while Teitz 
et al32 found 72% lost one month or less due to pain. One 
paper suggested that time lost due to pain was a poor indi-
cator of injury severity as injured rowers in their study were 
able to complete a larger mean training volume than non-
injured athletes.24 High injury rates have prompted inves-
tigation of the utility of pre-participation evaluation tools 
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in individuals without pre-existing back pain without suc-
cess.21,22 

Epidemiological investigation is important in mapping 
the influence of LBP on the rowing population. Examining 
incidence and prevalence found that LBP was seen as the 
most common injury in the rowing population. Some con-
sensus has been reached regarding training volume, the use 
of the ergometer, and a history of LBP constituting risk 
factors. Exploration of sex differences and risk assessment 
tools have not yet yielded any statistically significant re-
sults. 

BIOMECHANICS 

Studies in this theme assess the movement involved in the 
rowing stroke. Sub-categories include spinal mobility, mus-
cular contribution, pre-participation evaluation tools, and 
force produced by the lower extremity. Spinal mobility as-
sesses the amount of movement accessed through the row-
ing stroke. Wilson et al47 compared lumbar spine kine-
matics when rowing on-water with ergometer rowing 
(Appendix 1). Both the ergometer and on-water rowing re-
sulted in larger ranges of sagittal lumbar flexion by the final 
round of the step test compared to a full standing flexion 
test.47 Moreover, ergometer rowing showed a greater range 
of lumbar flexion and maximum angle compared to rowing 
on-water.47 Ng et al52 observed rowers experiencing LBP 
spent more time in increased flexion in the upper lumbar 
spine during the drive phase compared with rowers without 
LBP. Lumbopelvic movement has shown varying results be-
tween studies. Due to limited study numbers, no agreement 
has been found.50,53,54 

Prolonged rowing caused greater ranges of spinal motion 
to achieve the same start and finish positions.55 Wilson et 
al46 found that as stroke rate increased, so did lumbar spine 
frontal plane angular displacement. These studies suggest 
that deterioration of technique due to fatigue may con-
tribute to LBP.55 

Muscular contribution describes muscles involved in the 
rowing stroke and assesses factors such as activation, sym-
metry between either side of the body and trunk flexor/
extensor ratios. Electromyography has been used to assess 
muscle activation in rowers and Martinez-Valdes et al56 ob-
served inefficient recruitment of erector spinae muscles in 
rowers with a previous history of LBP. Caldwell et al57 found 
that increased activity of lumbar extensor muscles (mul-
tifidus, iliocostalis lumborum, longissimus thoracis) may 
suggest muscular fatigue contributes to increased levels of 
lumbar flexion. 

Additional muscles are suggested to affect the low back. 
Shortened hamstrings are suggested to alter the hip and 
low back mechanics resulting in pain or injury, however, 
this has not been demonstrated as a significant relation-
ship.58 

The epidemiology theme did not find utility of pre-par-
ticipation evaluation tools. Clay et al49 utilized a functional 
movement screen (FMSTM) and found rowers with a higher 
risk of injury were significantly more likely to experience 
LBP during the rowing season.49 In contrast, Gonzalez et 
al59 cautioned against the use of the FMSTM to identify an 

increased risk of back pain due to the small effect and large 
variability observed in their study. Overall, these tools have 
not yet shown utility in assessing risk of injury in the row-
ing population. 

The impact of asymmetry in the stroke motion on the 
lower limb has been the focus of a small number of investi-
gations.60,61 While there was a measurable lack of symme-
try in sweep rowing,61 there has been no evidence of this 
being a causal factor for LBP.62 

In the biomechanics grouping, investigation into move-
ment of the lumbar spine has suggested increasing angles 
of flexion are achieved with increased rowing speed and 
time spent rowing. Fatigue has been suggested to con-
tribute to the deterioration of technique seen with pro-
longed rowing. Tools used to assess potential risk of LBP 
and lower extremity force have proved inconclusive. 

BIOPSYCHOSOCIAL 

Five of the 78 articles explored the biopsychosocial influ-
ence of LBP. Wilson et al63 investigated the lived experience 
and impact of LBP on rowers. A culture of injury conceal-
ment was documented, influenced by fear and isolation63 

(Appendix 1). McNally et al64 further suggested a lower rate 
of symptom reporting by rowers. Wilson et al63 discussed 
the complex condition athletes face when experiencing LBP 
and suggested that factors outside of the physical domain 
need to be addressed. 

Ng et al18 utilized an individualized cognitive functional 
approach with adolescent rowers compared to a control 
group. Participants undergoing the cognitive functional ap-
proach had larger reductions in pain during ergometer row-
ing and reduced disability.18 Similarly, Thorpe et al65 

demonstrated a 24% (pre-post-season) decrease in LBP fol-
lowing a back pain education session. 

These papers observed some positive influence when 
considering a biopsychosocial approach to LBP in rowers. 
Although limited in number, these papers provided infor-
mation on the use of back pain education and additional 
support required for athletes experiencing LBP. 

MISCELLANEOUS 

A final small set of six studies were found to satisfy the 
inclusion criteria but did not fit the above categories and 
these were grouped under the miscellaneous heading. For 
example, Smoljanovic et al,66 described adaptive rowing at 
the Paralympic level advocating for an increase in racing 
distance. Injuries to adaptive rowers including the low back 
region are briefly mentioned, however, this is not the focus 
and there is no elaboration on LBP.66 

Further although peer-reviewed, four of the six papers 
were identified as promotional pieces or using relatively 
older dataeg 67–69 and do not add to the present review. 

CRITICAL APPRAISAL 

The ‘aggravating factors’ grouping within the epidemiology 
category was chosen for appraisal as this category may pro-
vide the greatest value to rowers and coaches when assess-
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ing preventative measures for LBP that may be considered. 
Using The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) tool, it was found that 
the abstracts and introductions of the papers provided rel-
evant information (Table 2). Details of study characteristics 
and boundaries (such as participants, variables, measure-
ment, and study size) were described including diagnostic 
criteria in the methods sections of the appraised studies. 
Results were commonly missing some of the STROBE rec-
ommended items although provided accurate information 
regarding participants, descriptive data, and outcomes of 
the study. Finally, the majority of information required by 
the STROBE process in the discussions was present, how-
ever, some did not discuss generalizability of the results 
(Table 2). 

Eight STROBE items were missing in two-thirds of pa-
pers. These included representation of missing data and as-
pects of statistical analyses such as relative risk estimate 
and sensitivity analyses. None of the papers met all 22+ cri-
teria. 

DISCUSSION 

The purpose of this study was to systematically map and 
investigate the currently available literature relating to low 
back pain (LBP) in rowing to inform athletes and coaches, 
and to identify gaps for future research. 

In the general population, LBP has been associated with 
poor health, heavy physical work, obesity, smoking and low 
socioeconomic status.70 Athletes may, at first sight, be un-
likely to be affected by these factors. However, athletes may 
be impacted by stress, anxiety, fatigue and reduced sleep 
and mood,71,72 factors that have been associated with in-
creased risk of LBP. Furthermore, exercise and LBP have 
been expressed as a U-shaped curve where exercise reduces 
risk while simultaneously, high levels of physical activity 
can predispose to LBP.73 Elite athletes in one study were 
shown to have a higher prevalence of back pain in compar-
ison with a physically active control group.27 Elite athletes 
may undergo a higher level of stress on the musculoskele-
tal system which may account for a higher back pain preva-
lence.27 Elite rowers were well represented as participants 
in the research reviewed in this study (23 of the 78 papers). 

Many risk factors for LBP were identified, most notably, 
prolonged ergometer use and previous back pain history. 
Prevention may be a significant factor in avoiding the first 
back pain episode to decrease the chance of future LBP.74,75 

Prevention has been investigated through the use of pre-
participation evaluation tools, however, these have not yet 
shown utility in rowers. Prolonged ergometer use (partic-
ularly for more than 30 minutes) has been identified 
throughout the literature as a risk factor for LBP in row-
ers.7,10,21,23,24,28,32 The statement “prolonged ergometer 
use” has not been clarified further in the literature as to 
whether this pertains to stationary ergometer rowing or dy-
namic ergometer rowing, it may be useful in future to clar-
ify this. This risk may be interpreted through biomechan-
ical analysis of rowing technique on- and off-water, where 
it has been observed that technique seems to deteriorate 

with prolonged ergometer use and rowing at higher-inten-
sities.46,50,53,55 During on-water rowing, the rower is re-
quired to maintain balance, through activation of hip and 
trunk flexors, particularly during the recovery phase to cre-
ate a smooth stroke.76 Balance is not required in the same 
way while using the stationary ergometer as it would be 
when rowing on water which means the sensory feedback is 
also altered. This has been observed through the literature 
where some studies have shown that increasing angles of 
lumbar spine flexion may be the result of fatigue. Prolonged 
ergometer use and back pain history were the only signifi-
cant risk factors agreed upon within the literature. Further-
more, many of the studies assessing rowing technique ob-
served the rower while on the ergometer10 and results may 
not generalize to on-water rowing. 

The present study found that a LBP definition was not 
well established, in line with previous studies.10 The terms 
low back injury and low back pain were used interchange-
ably by many authors.35,38,39,41 The authors of the Global 
Burden of LBP define LBP as “pain in the area on the poste-
rior aspect of the body from the lower margin of the twelfth 
ribs to the lower gluteal folds with or without pain referred 
into one or both lower limbs that lasts for at least one 
day”.77(p968) In total, only 21% (27) of the papers included 
in the present review mentioned a definition of either LBP, 
back pain or injury (Appendix 1). Definitions were most 
commonly given in the epidemiology category (18 of 27). 
This has been reflected in the critical appraisal as 11 of the 
12 papers appraised reported a definition (Table 2). With-
out effective defining of terms within the study or in us-
ing incompatible definitions, a comparison between stud-
ies is difficult to make. It has also been observed that a lack 
of common definition may affect prevalence data.3 Further-
more, this decreases the ability to build a literature base 
that adds evidence to create clarity and consistency of find-
ings. Future research should include definitions of signif-
icant terms such as LBP to provide understanding for the 
readers as well as for quality reporting. 

The literature within the present study contained many 
limitations concerning methods employed. These issues in-
clude low injury reporting, minimal prospective studies, 
low participant numbers and a lack of randomized con-
trolled trials (RCTs). 

With regard to low injury reporting, prevalence has been 
well mapped to highlight the widespread nature of LBP, 
however, the figures produced may vary considering the 
lack of reliable injury reporting mentioned in some pa-
pers.63,64 Decreased injury reporting was referenced in a 
2020 systematic review of athletes stating that some may 
be reluctant to highlight their condition due to fear of 
repercussions.75 Some papers are calling for a more com-
prehensive view of pain management.71 This has been ex-
plored within the studies included in the biopsychosocial 
category of the present study. Specifically, these studies 
bring to light the importance of understanding and sup-
porting the athlete by people around them. However, family 
and other people in an athlete’s circle may directly or in-
directly pressure the athlete to ignore, not report pain or 
treat an injury with short-term remedies that may create 
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Table 2. Critical Appraisal of ‘aggravating factors’ in the Epidemiology Category using the STROBE tool            16  

References 39 35 38 8 23 34 37 33 28 32 29 24 

Item No. Total 

1a. Title 0 0 1 1 1 1 1 1 0 1 0 1 67% 

1b. Abstract 1 1 1 1 1 1 1 1 1 1 1 1 100% 

2. Background 1 1 1 1 1 1 1 1 1 1 1 1 100% 

3. Objectives 1 1 1 1 1 1 1 1 1 0 1 1 92% 

4. Study design 1 1 1 1 1 1 1 1 1 1 1 1 100% 

5. Setting 1 1 1 0 1 1 1 1 1 1 1 1 92% 

6a. Participant's eligibility 1 1 1 1 1 1 1 1 1 1 1 1 100% 

6b. Matched studies n/a n/a n/a 1 n/a n/a n/a n/a n/a n/a n/a n/a 8% 

7. Variables 1 1 1 1 1 0 1 1 1 1 1 1 92% 

8. Data sources 0 1 1 1 0 1 1 0 1 1 1 1 75% 

9. Bias 0 0 1 0 1 0 0 0 0 0 0 0 17% 

10. Study size 1 0 1 1 1 1 1 1 1 1 1 1 92% 

11. Quantitative variables 0 1 1 1 1 1 1 1 1 1 1 1 92% 

12a. Statistical methods 1 1 1 1 1 1 1 1 1 1 1 1 100% 

12b. Examining subgroups 1 0 1 1 1 1 1 1 0 1 1 0 75% 

12c. Missing data 0 0 0 0 0 0 0 0 0 0 0 0 0% 

12d. Analytical methods 0 1 1 1 1 1 1 1 0 0 1 0 67% 

12e. Sensitivity analyses 0 0 0 0 0 0 0 0 0 0 0 0 0% 

13a. Participants 1 1 1 1 1 1 1 1 1 1 1 1 100% 

13b. Non-participation 0 0 0 0 0 0 0 0 0 0 0 0 0% 

13c. Use of flow diagram 0 0 0 0 0 0 0 0 0 0 0 0 0% 

14a. Descriptive data 1 1 1 1 1 1 1 1 1 1 1 1 100% 

14b. Missing data 0 0 0 1 0 0 0 0 0 1 0 0 17% 

14c. Follow-up n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a 

15. Outcome data 1 1 1 1 1 1 1 1 1 1 1 1 100% 

16a. Main results 1 1 1 1 1 1 1 1 0 1 1 1 92% 

16b. Category boundaries 1 1 1 1 1 1 1 1 0 1 1 1 92% 

16c. Relative risk 0 0 0 0 0 0 0 0 0 0 1 0 8% 

17. Other analyses 0 0 0 0 1 0 0 0 0 0 0 0 8% 

18. Key results 1 1 1 1 1 1 1 1 1 1 1 1 100% 
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19. Limitations 1 1 1 1 1 1 1 1 0 0 1 1 83% 

20. Interpretation 1 1 1 1 1 1 1 1 1 1 1 1 100% 

21. Generalizability 1 0 1 1 1 1 0 1 0 0 1 1 67% 

22. Funding 1 1 1 0 1 0 1 0 0 0 1 0 50% 

 

A value of 1 in this table indicates meeting the criterion whereas 0 indicates not meeting the criterion. Percentages represent the number of papers that met the criteria and are rounded to the nearest whole number. 
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long term negative consequences so that they can continue 
their sport.71,78 There seems to be a broad sporting culture 
that promotes playing through pain and injury and lessen 
its significance.79 This may create future episodes of back 
pain for the athlete. This culture of concealment seems 
to be common throughout many sporting disciplines75 and 
breaking this down may help to allow athletes to disclose 
pain earlier resulting in prompt rehabilitation and poten-
tially less time taken off training and competition.63 Wilson 
et al63 recommended education for athletes, coaches and 
medical staff around appreciating the complexity of LBP, 
the significance of early disclosure, and the negative effect 
of concealment. Removing the stigma would allow athletes 
to disclose LBP which would additionally produce more ac-
curate research data. Moreover, generating further prospec-
tive studies may produce more useful results. 

A retrospective design was common in the epidemio-
logical category (18 papers)20,22,23,25–28,30,32–41 with only 
four papers adopting a prospective design.8,21,24,29 Recall 
bias may have been an impact for study participants in re-
membering previous episodes of back pain and the factors 
associated with it.80 One study discusses their retrospec-
tive cross-sectional design as “a survey of the survivors” 
whereby only the athletes who continued their sport have 
been surveyed and others who may have left were not ac-
cessible, therefore, introducing bias.41(p452) This is a con-
sideration for the remaining retrospective papers as to 
whether they have included rowers who left the sport. 
Prospectively designed papers with adequate sample sizes 
are needed to accurately survey risk factors for LBP.10,40 

The epidemiological category has provided some conclu-
sions when considering risk factors for LBP on the rower. 
However, conclusions are difficult to make from the biome-
chanical category due to a lack of cohesiveness and smaller 
study sizes. Increasing study sizes and using repeat meth-
ods will help to allow a more confident conclusion as to the 
effect of factors such as stroke rate, optimal lumbopelvic 
position and muscular activation. Additionally, for the re-
sults set of the present study, only one RCT was included.18 

Conducting more RCTs would increase the understanding 
of and confidence in this literature. Further, critical ap-
praisal of (a subset of) the literature can work to increase 
confidence in the findings to date. 

For the present study, the subset of articles investigating 
aggravating factors was assessed against the STROBE tool 
to advance critical analysis of current knowledge of LBP in 
rowing. This subsection of data was chosen as it contained 
the most cohesive information and, therefore, conclusions 
have been easier to draw. The critical appraisal revealed 
significant strengths in reporting quality with some gaps 
around thorough reporting within the results. When read 
critically, the appraised literature is informative in provid-
ing epidemiological data. Researchers can view this subsec-
tion of data to highlight gaps in the literature such as a lack 
of definition. Additionally, this section of data highlights 
risk factors such as prolonged ergometer use and history of 
LBP that may be useful to coaches and athletes in thinking 
about LBP prevention. 

Injury prevention is an important aspect of LBP in row-
ing. A six-staged process developed by Finch81,82 called 
The Translating Research into Injury Prevention Practice 
(TRIPP) has been developed whereby injury surveillance 
leads to implementation of preventative measures. Due to 
the methodological issues described earlier, this study may 
not inform injury surveillance in the first step of the TRIPP 
model.81,82 However, this scoping review may work to in-
form subsequent studies in highlighting areas for further 
investigation. 

A 2021 consensus statement corroborated the findings of 
this study. That is risk factors such as a history of LBP and 
ergometer use (longer than 30 minutes) were highlighted 
similar to the present findings.7 Furthermore, the contrib-
utors to the consensus statement recognized the need for 
increased research in this area.7 Although methodologi-
cally less rigorous than the present scoping review, the con-
sensus statement provided pertinent information regarding 
management of LBP in rowers that is in line with the pre-
sent review and the quality appraisal contained herein and 
may be useful for rowers, coaches and health practitioners.7 

STRENGTHS 

This study highlights the importance of prevention of the 
first LBP episode for athletes and coaches. Prolonged er-
gometer use should be approached with caution as it was 
the most commonly agreed upon risk factor. The rigorous 
methods used in this study including the use of a critical 
appraisal create increased confidence in the conclusions 
found. 

WEAKNESSES 

Underreporting by rowers and retrospectively designed 
studies may result in imprecise epidemiological findings 
and affect the validity of the study outcomes. Use of a 
strong definition such as that by the Global Burden of Dis-
ease77 would strengthen the data. There is a need to con-
sider ways to decrease emotional and physical stress on 
athletes and break down the culture of concealment with 
regard to injury reporting. 

STUDY LIMITATIONS 

Undertaking a larger critical appraisal to assess the report-
ing quality of all of the included papers would have given 
greater weight to the findings of the study. 

CONCLUSION 

This scoping review identified a body of literature that 
showed good quality epidemiological information to docu-
ment the widespread effect of LBP on rowers. Many risk fac-
tors were highlighted, most significantly, back pain history 
and prolonged ergometer use. Issues of method within the 
literature were present including, a lack of LBP definition, 
issues with injury reporting, and small sample sizes. Av-
enues of investigation within the literature covered a range 
of topics e.g., spinal mobility, muscular contribution, pre-
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participation evaluation tools, lower extremity force, and 
biopsychosocial effect. These showed some promise, how-
ever, need further investigation. The widespread prevalence 
of LBP in rowers observed in this study shows the signifi-
cance of the injury on this population. Previous back pain 
history and prolonged ergometer use have been recognized 
to be significant risk factors. Future research should in-
clude LBP definitions and ideally be undertaken prospec-
tively. This would help to support coaches and athletes to 
consider ways to prevent LBP, increase injury reporting and 
early rehabilitation for rowers. 
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Background  
Central nervous system (CNS) function after ACLR, quantified by the blood oxygen level 
dependent (BOLD) response, is altered in regions of sensory function during knee 
movement after ACLR. However, it is unknown how this altered neural response may 
manifest in knee loading and response to sensory perturbations during sport specific 
movements. 

Purpose  
To investigate the relationship among CNS function and lower extremity kinetics, under 
multiple visual conditions, during 180° change of direction task in individuals with a 
history of ACLR. 

Methods  
Eight participants, 39.3 ± 37.1 months after primary, left ACLR performed repetitive 
active knee flexion and extension of their involved knee during fMRI scanning. 
Participants separately performed 3D motion capture analysis of a 180° change of 
direction task under full vision (FV) and stroboscopic vision (SV) conditions. A neural 
correlate analysis was performed to associate BOLD signal to knee loading of the left 
lower extremity. 

Results  
Involved limb peak internal knee extension moment (pKEM) was significantly lower in 
the SV condition (1.89 ± 0.37 N*m/Kg) compared to the FV condition (2.0 ± 0.34 N*m/Kg) 
(p = .018). Involved limb pKEM during the SV condition was positively correlated with 
BOLD signal in the contralateral precuneus and superior parietal lobe (Voxels: 53; p = 
.017; z-stat max: 6.47; MNI peak: 6, -50, 66). 

Conclusion  
There is a positive association between involved limb pKEM in the SV condition and 
BOLD response in areas of visual-sensory integration. Activation of contralateral 
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precuneus and superior parietal lobe brain regions may be a strategy to maintain joint 
loading when vision is perturbed. 

Level of Evidence    
Level 3 

INTRODUCTION 

Anterior cruciate ligament (ACL) injury poses a significant 
risk to individuals participating in cutting and pivoting 
sports.1 ACL injury is debilitating as it often requires re-
constructive surgery, intense rehabilitation, and a time loss 
from sport of nine months or greater.2 Despite completion 
of rehabilitation, 20% to 30% of individuals returning to 
sport will sustain a second ACL injury.3,4 Traditional mea-
sures of motor function (i.e., strength and hop perfor-
mance) may not accurately predict patient function,5 war-
ranting the investigation of other systems, such as the 
central nervous system (CNS).6 Individuals after ACL re-
construction (ACLR) have alterations in the brain’s blood 
oxygen level dependent (BOLD) response within sensori-
motor regions of the brain during basic knee movement.7–9 

The BOLD response is a hemodynamic function which mea-
sures the oxygen consumption in a given brain region, and 
directly reflects the neurologic activity occurring due to 
local input and processing.10,11 This BOLD response has 
been associated with patient reported functional outcome 
measures after ACLR9 but has yet to be linked with other 
aspects of patient function, such as biomechanical per-
formance. Restoration of functional movement patterns is 
an aspect of patient function vital to recovery following 
ACLR.2 Movement patterns are often quantified with bio-
mechanical analysis and abnormal biomechanics are a key 
indicator of dysfunctional motor control within the 
CNS.12,13 Resolving movement pattern dysfunction 
through neuromuscular training is a high priority for in-
dividuals following ACLR,2 yet movement patterns remain 
dysfunctional for years.14,15 Determining an association 
between CNS activity and more dynamic movement control 
may provide insight on the neurologic mechanisms under-
lying prolonged movement dysfunction following ACLR. 
The BOLD response in bilateral motor cortex (M1), ip-

silateral secondary somatosensory area, and lingual gyrus 
is altered in individuals who are on average three years 
following ACLR.8 Researchers have prospectively identified 
connectivity patterns in the brain’s BOLD response which 
differentiate high school athletes who sustain a future ACL 
injury and those who do not.16,17 Despite the growing body 
of literature to support altered CNS function in association 
with future ACL injury16,17 and ACLR,8,18 there is a missing 
link between the brain’s BOLD response and biomechanical 
performance. Evidence indicates that musculoskeletal indi-
cators of function, such as strength, may not fully explain 
the loading deficits in an individual’s involved knee which 
start immediately after surgery, continue throughout reha-
bilitation, and remain years after returning to full activ-
ity.19,20 The negative biomechanical consequences of ACLR 
have been reported through systematic reviews evaluating 
gait,21 running,22 and landing biomechanics.23 These tasks 

are functionally relevant but lack a targeted application to 
cutting and pivoting sports where ACL injuries are most 
prevalent.1 A recent narrative review24 highlighted the 
need to increase testing for change of direction (CoD) 
movements following ACLR due to their frequent perfor-
mance in sports such as football, soccer, and basketball, 
among others.24–26 The long-term negative impact to knee 
joint loading biomechanics after ACLR is well documented, 
but less is known about how manipulating sensory informa-
tion (i.e., visual) during movement affects joint loading in 
sports-relevant tasks. 
ACL injury impairs mechanoreceptor function inherent 

to the ligament, disrupting afferent input to the primary 
somatosensory cortex (S1).27 Restoration of this so-
matosensory signaling to S1 after ACLR, and the CNS’s 
ability to interpret the signal, is unclear.28,29 Vision and 
somatosensory input are complementary sources of sen-
sory information used to support motor control.30 Vision 
may be more heavily relied upon when somatosensory in-
put is dampened as vision is able to adapt more quickly to 
changes in stimuli than vestibular input.31 For individuals 
with altered somatosensory input after ACLR, the addition 
of a visual perturbation reduces available sensory informa-
tion which may negatively impact the brain’s ability to reg-
ulate motor control. Disrupting visual sensory information 
can be accomplished with stroboscopic goggles which in-
termittently restricts vision and is known to impact landing 
biomechanics.32 The effect of stroboscopic perturbation on 
CoD movements is unknown and determining its impact on 
biomechanics will provide insight on how vision influences 
key indicators of knee and lower extremity function during 
highly dynamic, sport relevant movement. 
The purpose of this study was to investigate the relation-

ship among CNS function and lower extremity kinetics, un-
der multiple visual conditions, during 180° change of direc-
tion task in individuals with a history of ACLR. The primary 
hypothesis was that there would be distinct neural corre-
lates of sagittal and frontal plane limb loading in the mo-
tor cortices during FV and in regions within the parietal and 
occipital cortices during the SV condition. The secondary 
hypothesis was that limb loading strategies would differ be-
tween the FV and SV conditions. 

METHODS 
SUBJECTS 

Eight individuals after primary, unilateral, left ACLR par-
ticipated in this specific study as part of a larger cross-
sectional investigation.8 Individuals signed informed con-
sent prior to participation and the study was approved by 
Ohio State University Institutional review board. Individu-
als were screened for participation with the following inclu-
sion criteria: primary left ACLR, Tegner level of activity ≥ 5, 
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Table 1. Demographic Information   

Number 
of 

Subjects 
(females) 

Age (years) Height (cm) 
Weight 

(kg) 

Current 
Tegner 

Level of 
Activity 

Time from surgery to 
participation (months) 

Graft Type 

8(6) 21.25 ± 2.60 169.6 ± 10.0 65.6 ± 13.0 Range: 7-8 
39.3 ± 37.1 

Range: 12-108 
7 Hamstring 

1 Patellar 

cleared for return to full activity, no lower extremity injury 
in the prior six months, no history of lower extremity in-
jury besides primary ACLR, and normal or corrected to nor-
mal vision. Participants were cleared for return to full activ-
ity by their surgeon, but neither objective return to activity 
testing nor time-based discharge criteria were controlled 
for in this study. Injury was defined as anything causing 
a time loss from activity for at least one day. Individuals 
were excluded for the following reasons: multiligament in-
jury, prior orthopedic surgery besides ACLR, known neu-
rologic condition, pregnancy, and right ACLR. Movement 
from one side of the body can elicit a negative BOLD re-
sponse in ipsilateral sensorimotor cortex and a positive re-
sponse in contralateral sensorimotor cortex, therefore par-
ticipants were excluded based on ACLR laterality to avoid 
confounding BOLD response across hemispheres.33 Partici-
pant demographics can be viewed in Table 1. 

BIOMECHANICS DATA COLLECTION PROCEDURES 

Participants performed three-dimensional (3D) motion 
analysis testing and a functional magnetic resonance imag-
ing (fMRI) scan within one week, a majority of participants 
performed both testing sessions within two days of one an-
other. Lower extremity kinematic and kinetics were cap-
tured during performance of a run-pivot task. Kinematic 
data were tracked with a 10-camera 3D motion analysis 
system, at 240Hz (Vicon model MX-F40; Los Angeles, CA). 
Retroreflective markers were placed directly over the skin 
on specific anatomic locations, including the pelvis, thigh, 
shank, and foot, consistent with the point cluster marker 
set.32,34,35 Ground reaction force data were simultaneously 
captured using three embedded 40cm x 60cm platforms 
(Bertec Corporation, Columbus, OH; 1500 Hz). For the 
change of direction (CoD) task, participants began 5.5 to 
6.5 meters away from the force platforms and the starting 
distance was modified to accommodate each individual’s 
stride length so contact with force platforms occurred at 
the same stride number for each participant (Figure 1). Par-
ticipants performed all trials in full vision (FV) first, fol-
lowed by trials under stroboscopic visual (SV) perturbation 
(SPARQ Vapor stroboscopic goggles, Nike, Inc, Beaverton 
OR) until 3 successful trials were captured on each lower 
extremity. The SV goggles oscillated between opaque (last-
ing 43ms) and transparency (lasting 100ms). Participants 
were aware of which lower extremity would make contact 
with the force plate target, but were unaware of whether to 
perform a 45° or 180° CoD until the directional indicators 
illuminated. The directional indicator illuminated when 
participants were halfway between the start line and force 

Figure 1. Change of Direction Task     

plate target. Up arrow indicated a 180° CoD, horizontal ar-
rows indicated a 45° CoD towards the side opposite of the 
foot contacting the force plate target (right arrow = 45° CoD 
to the right, planting on the left foot). The average of three 
pivot trials, in both the FV and SV condition, were used for 
subsequent analysis. 

BIOMECHANICAL DATA ANALYSIS 

Biomechanical data analysis was performed in Visual 3D 
(v6.03.3 Professional, C-Motion, Inc., Germantown, MD). 
Variables of interest [peak vertical ground reaction force 
(vGRF), peak internal knee adduction moment (pKAM), 
peak internal knee extension moment (pKEM), peak knee 
flexion angle (PKFA)] were extracted using a custom MAT-
LAB code (R2021b, MathWorks, Natick, MA, USA) and were 
body weight normalized. Data were analyzed during the 
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weight acceptance phase only, defined as initial contact (IC) 
to peak knee flexion angle of the ACLR limb. A matched 
low-pass Butterworth filter was applied at 15Hz to filter 
both kinematic and kinetic data, methods that have been 
used previously.32 To determine the influence of the stro-
boscopic condition on biomechanical performance, a strobe 
effect change score was calculated by the following equa-
tion: 

where  = strobe vision performance,  = full vision 
performance, and  = absolute value. Three values (FV 
performance, SV performance and strobe effect change 
score) for each variable of interest were demeaned and in-
cluded as explanatory variables in the follow-up neural cor-
relate analysis. Three paired samples t-tests were con-
ducted using STATA (StataCorp LLC, College Station, TX) 
to determine if group average vGRF, pKEM, or pKAM were 
statistically different across visual conditions. Two follow-
up paired t-tests were performed to compare pKEM of the 
involved and uninvolved limbs. Other biomechanical vari-
ables are provided for reference in the results section and 
reported as descriptive, but statistical testing was not per-
formed. 

FMRI DATA COLLECTION 

A 3 Telsa MAGNETOM scanner (Siemens AG, Munich, Ger-
many) with a 12-channel head coil was used for fMRI data 
collection. A T1 weighted anatomical scan was collected at 
TR = 2000ms, TE = 4.58ms, field of view (FoV) = 256mm, 
slice thickness = 1mm for a total of 176 slices. BOLD signal 
was captured during functional data collection using 90 
whole brain gradient echo scans (TR = 3000ms, TE = 30ms, 
2.5mm slice thickness, 55 total transverse slices, voxel size 
= 2.5mm3, FoV = 256mm). Participants performed a repet-
itive active knee flexion/extension task from full knee ex-
tension to approximately 45° of flexion, at a 1.2 Hz fre-
quency or roughly 36 cycles per 30 second block, while in 
the scanner. Each movement block was separated by 30 sec-
onds of rest, participants performed four blocks of move-
ment and five blocks of rest.8 

FMRI PRE-PROCESSING & ANALYSIS 

Pre-processing steps were performed in FSL (5.6.0, FMRIB, 
Oxford, UK) including brain extraction using BET, MCFLIRT 
motion correction,36,37 Gaussian kernel 5mm spatial 
smoothing, and high-pass temporal filtering at 90 Hz.38,39 

Denoising and reduction of signal variation secondary to 
motion was completed using an Independent Component 
Analysis for Automatic Removal of Motion Artifacts (ICA-
AROMA).40,41 Functional images were registered to the 
high resolution anatomical image for each participant and 
structural normalization to Montreal Neurological Institute 
template 152 was performed using 12 degrees of freedom. 
Whole brain images were collected during the functional 
run and BOLD signal during the movement block was con-
trasted against the rest block using fixed effects at the sub-
ject level. A one sample t-test was used to determine group 

level BOLD signal exceeding a z-statistic threshold of 3.1 
and cluster corrected to p = .05 using Gaussian Random 
Field Theory. A binarized mask was then created from the 
group average voxels identified as significantly active dur-
ing the movement vs. rest contrast. This step was per-
formed to include only voxels significantly active during 
the task in our subsequent neural correlate analysis. Gen-
eral linear models (GLM) were created using FMRIB’s Local 
Analysis of Mixed Effects (FLAME) 1 + 2 with biomechanical 
variables entered into the model as explanatory variables. 
Nine GLMs were performed, with a separate de-meaned 
biomechanical variable entered in each iteration of the 
GLM (Model 1: FV pKEM, Model 2: SV pKEM, Model 3: 
pKEM SECS, etc.). Each GLM creates a parameter estimate 
which fits the biomechanical variable to BOLD signal in 
each voxel. Parameter estimates are transformed into z-sta-
tistics and the correlate analysis identifies associated fluc-
tuations in BOLD signal and the biomechanical variable. A 
z-statistic threshold of 3.1 and voxels cluster corrected at 
p = .05 using Gaussian Random Field Theory was again ap-
plied for each GLM. 

RESULTS 
LOWER EXTREMITY BIOMECHANICAL PERFORMANCE 

vGRF, pKAM and PKFA were not different between visual 
conditions (Table 2). pKEM was lower in the SV condition 
compared to the FV condition (Table 2, p=0.018). When 
comparing the involved to uninvolved limb performance, 
pKEM was not different in either the FV or SV conditions 
(Table 4). Kinetic and kinematic values for the uninvolved 
limb are provided to characterize cohort performance 
(Table 3). 

NEURAL CORRELATE ANALYSIS 

There were no significant associations among task relevant 
BOLD response and FV biomechanical variables of interest. 
There was a significant positive correlation between pKEM 
and task relevant BOLD signal in the contralateral (right) 
precuneus and superior parietal lobe [53 voxels; p = .017; 
zstat max = 6.47; MNI Coordinates (6, -50,66), figure 2]. 
There were no significant correlations among task relevant 
BOLD response and vGRF or pKAM in the SV condition and 
no significant associations with any variable’s SECS and 
BOLD response. 

DISCUSSION 

The purpose of our study was to investigate the relation-
ship between BOLD response during repetitive knee move-
ment and lower extremity biomechanics during a run to 
pivot task, under multiple visual conditions. The primary 
hypothesis was partially supported as involved limb pKEM 
in the SV condition was positively correlated with BOLD 
response in the contralateral precuneus and superior pari-
etal lobe. However, there were no associations among any 
biomechanical variables of interest in the FV condition and 
task relevant BOLD response. Our secondary hypothesis 
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Table 2. Involved Limb Biomechanical Data     

Variable Full Vision 
Stroboscopic 

Vision 
Mean Difference p-valueª 

Strobe Effect 
Change Score (%) 

vGRF (N/N) 2.37 ± 0.39 2.48 ± 0.45 0.11 ± 0.16 .090 4.67 ± 6.33 

pKAM (N*m/kg) 0.80 ± 0.35 0.75 ± 0.30 -0.05 ± 0.09 .196 -3.25 ± 9.74 

pKEM (N*m/kg) 2.0 ± 0.34 1.90 ± 0.37 -0.104 ± 0.10 .018* -5.51 ± 4.66 

PKFA (deg) 66.27 ± 8.65 65.42 ± 9.51 0.85 ± 5.16 .65 -1.08 ± 7.69 

vGRF = vertical ground reaction force. pKAM = peak internal knee adduction moment. pKEM = peak internal knee extension moment. PKFA = peak knee flexion angle. N = Newtons, m 
= meter, kg = kilogram, deg = degree. Values are body mass normalized and reported separately for each visual condition and strobe effect change score. The strobe effect change 
score is calculated within subject, then averaged. Negative indicates a lower value in the SV condition. ªPaired t-test comparing FV to SV performance. 

Table 3. Uninvolved Limb Biomechanical Data     

Variable Full Vision Stroboscopic Vision Mean Difference 

vGRF (N/N) 2.58 ± 0.35 2.75 ± 0.45 0.17 ± 0.39 

pKAM (N*m/kg) 1.04 ± 0.40 1.0 ± 0.36 0.04 ± 0.25 

pKEM (N*m/kg) 2.42 ± 0.46 2.29 ± 0.41 0.12 ± 0.38 

PKFA (deg) 63.51 ± 8.39 61.15 ± 8.45 2.36 ± 3.44 

vGRF = vertical ground reaction force. pKAM = peak internal knee adduction moment. pKEM = peak internal knee extension moment. PKFA = peak knee flexion angle. N = Newtons, m 
= meter, kg = kilogram, deg = degree. Values are body mass normalized and reported separately for each visual condition. 

Table 4. Interlimb Differences Biomechanical Data     

Variable Full Vision p-valueª Stroboscopic Vision p-valueª 

vGRF (N/N) -0.22 ± 0.21 - -0.27 ± 0.36 - 

pKAM (N*m/kg) -0.25 ± 0.31 - -0.25 ± 0.29 - 

pKEM (N*m/kg) -0.42 ± 0.54 .07 -0.40 ± 0.64 p = .12 

PKFA (deg) 2.76 ± 7.65 - 4.27 ± 9.14 - 

Negative values indicate the involved limb had a lower value than the uninvolved limb: vGRF = vertical ground reaction force. pKAM = peak internal knee adduction moment. pKEM = 
peak internal knee extension moment. PKFA = peak knee flexion angle. N = Newtons, m = meter, kg = kilogram, deg = degree. Values are body mass normalized and reported sepa-
rately for each visual condition. ªPaired t-test comparing involved limb to uninvolved limb performance. 

was partially supported as well; involved limb pKEM was 
significantly lower in the SV condition compared to the FV 
condition. 

BIOMECHANICAL RESPONSE 

This cohort had a significant reduction in pKEM during the 
SV condition compared to FV, representing an underload-
ing of their involved knee in response to visual perturba-
tion. Visual disruption in individuals after ACLR has previ-
ously caused reduced knee velocity and knee displacement 
during a change of direction task.42 The authors concluded 
that the small change to the overall movement pattern may 
be due to task design as participants were static prior to 
the CoD task and vision was only disrupted for one second 
while participants were actively changing direction.42 This 
could have allowed participants ample time to plan their 
movement prior to visual disruption, leading to only mi-
nor changes in movement performance. The task design of 
the current study consisted of continuous intermittent vi-
sual perturbation as participants were running and chang-
ing direction which may account for the different results. 
Other work has reported greater knee flexion excursion but 

no change in knee moments comparing SV to FV during a 
drop vertical jump.32 Greater knee flexion excursion in the 
SV condition was deemed to be a clinically important alter-
ation in neuromuscular control32 as the condition elicited 
a similar effect to a laterally directed physical perturba-
tion delivered mid- jump,43 a situation common to various 
sports. This finding related to pKEM may be attributable 
to the different requirements of the run-pivot task evalu-
ated here. The CoD task in this study is a highly dynamic, 
multi-planar, single limb and unpredictable task whereas 
the drop vertical jump, used in previous work,32 is bilateral 
and linear. The complexity of this CoD task may be difficult 
enough to induce changes in knee joint loading in response 
to the SV perturbation, whereas the bilateral and linear na-
ture of a drop vertical jump may not be complex enough to 
create this effect. 
There were no statistically significant differences in 

pKAM or vGRF between visual conditions, despite a trend 
towards greater vGRF in the SV condition compared to FV. 
This corroborates prior work reporting no effect of SV per-
turbation on frontal plane knee kinetics during a drop ver-
tical jump32 or vGRF during CoD.42 When evaluating this 
cohort’s pKEM performance across limbs, there was a trend 
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Figure 2. Cluster Configuration   

Table 5. Neural Correlate Results    

MNI Coordinates 

Biomechanics 
BOLD 

Response 
Brain Location Voxels 

p 
value 

z-stat 
max 

X Y Z 

Peak Internal Knee 
Extension Moment 

(SV condition) 
Increase 

R Precuneus 

53 .017 6.47 6 -50 66 R Superior 
Parietal Lobe 

Neural correlate statistical testing results and location of the identified cluster 

towards lower involved limb pKEM in FV compared to their 
uninvolved limb. Albeit just a trend, this supports numer-
ous publications reporting individuals after ACLR under-
load their involved knee across many tasks compared to 
their contralateral limb and healthy controls.21–23 This in-
cludes a 90° CoD task as individuals exhibit lower pKEM 
compared to healthy controls, despite no difference in 
timed performance.44 Previously reported normative data 
for pKEM during a CoD task is 2.3 ± 0.6 N*m /kg45 whereas 
this cohort’s involved limb pKEM performance was 2.0 ± 
0.34 N*m /kg (FV) and 1.90 ± 0.37 N*m /kg (SV). This may 
represent a clinically meaningful difference in pKEM,46 

however, the difference in this cohort’s involved limb pKEM 
across visual conditions (0.11 ± 0.16 N*m/kg) is between 
the minimum detectable change (0.10 N*m/kg) and mini-
mal clinically important difference (0.12 N*m/kg).46 There-
fore, the difference in performance between FV and SV con-
ditions reported here is statistically different but may not 
represent a clinically meaningful difference. 

NEUROLOGIC RESPONSE 

The association of greater pKEM in the SV condition and 
increased BOLD response in contralateral precuneus and 
superior parietal lobe during knee extension-flexion sug-
gests a potential sensory activation strategy in the CNS 
to maintain joint loading when vision is perturbed. The 
precuneus and superior parietal lobe have been associated 
with motor imagery,47,48 cross modal sensory matching 
tasks,49 visuomotor mapping,50 and coordinated motor be-
haviors that connect cognition with action.51 Following 

ACLR, it has been theorized that the CNS undergoes an 
adaptive re-organization which may occur to integrate sen-
sory information differently,52–54 likely due to the disrup-
tion in somatosensory signaling to spinal cord and S1 after 
ACLR.28,29 Identification of precuneus and superior parietal 
lobe as neural correlates of biomechanical performance 
during visual perturbation suggest these regions play an 
important role in sensorimotor function for individuals af-
ter ACLR. Prior work has established a greater BOLD re-
sponse in bilateral precuneus during combined hip and 
knee flexion compared to rest,18 and greater BOLD re-
sponse in superior parietal lobe18 and lingual gyrus8,18 in 
those with ACLR compared to healthy controls. Greater 
BOLD response in the superior parietal lobe has shown sig-
nificant connectivity with primary motor cortex, primary 
and secondary somatosensory cortices, and regions of the 
frontal lobe associated with executive function and atten-
tion.18 Although a connectivity analysis was not performed 
with the cluster identified here, the previous association of 
superior parietal lobe to areas within the frontal lobe may 
warrant further investigation as the BOLD response in mul-
tiple areas of the frontal lobe decrease from 2 to 10 weeks 
after ACLR.9 However, this cohort was on average 3.5 years 
post ACLR and thus may not require the same level of at-
tentional cognitive resources to perform basic knee flexion/
extension as individuals weeks after surgery, potentially in-
dicating a sensory neuroplasticity, separate from cognition, 
as time from injury increases. 
Results from this work suggest that greater neurologic 

activity within the precuneus is positively associated with 
sagittal plane knee loading in situations of visual perturba-
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tion. Visual perturbations occur frequently in sport related 
activity and vision training is recommended during reha-
bilitation following ACLR55,56 to improve anticipatory tim-
ing during high-velocity movement and to re-weight sen-
sorimotor processing.56,57 With the results presented here, 
and due to the known cross-modal functionality of the pre-
cuneus,49 clinicians may consider incorporating interven-
tions which manipulate visual and somatosensory stimuli 
simultaneously during late phase rehabilitation. Targeting 
multiple sensory systems may help CNS processing of stim-
uli simultaneously which, in theory, may improve neural ef-
ficiency throughout the sensorimotor network. Future work 
should investigate sensory re-weighting interventions to 
determine their impact on precuneus and other regions of 
the sensorimotor network since it is unclear which sub-re-
gions within the network are impacted by reweighting in-
terventions. Future work should also seek to determine a 
causal relationship between sensorimotor network activa-
tion and biomechanical performance during sport related 
tasks to determine which brain regions are critical to knee 
sensorimotor control after ACLR. 

LIMITATIONS 

This was a preliminary analysis of the neural correlates 
of biomechanical performance including only eight partici-
pants, and thus a larger sample is needed to draw definitive 
conclusions. This work included individuals from a wide 
range of time points following ACLR which may have in-
fluenced the results due to a lack of control for their phys-
ical activity since completion of rehabilitation. No control 
group was included which limits the ability to interpret 
this data as a beneficial or negative adaptation in the ACLR 
population. Statistical testing for all biomechanical inter-
actions was not considered due to the small sample and 
the correlational approach limits the ability to establish a 
cause-and-effect relationship of these results. 
Another consideration when interpreting these results 

is the attentional demand of the SV paradigm. Attentional 
demands and visual-spatial memory requirements are in-
creased under SV conditions, due to the lack of visual mo-
notony, but the amount of time an individual can maintain 
a higher level of attention and visual memory performance 

without cognitive fatigue is uncertain.58 Participants per-
formed numerous trials on both lower extremities, requir-
ing a prolonged period of time under the SV condition. Nei-
ther visual memory nor visual attention were recorded in 
this study, but it is an important factor to consider which 
may have influenced the results. 

CONCLUSION 

From previous work, BOLD response during basic knee 
movement is altered in active individuals years after ACLR 
and is associated with patient reported knee function and 
visual performance. This study evaluated the correlation 
between BOLD response during basic knee movement and 
knee loading during a dynamic sports maneuver in an ACLR 
population. In this preliminary analysis, there was a posi-
tive association between involved limb sagittal plane knee 
loading during perturbed vision and BOLD response in ar-
eas of visual-sensory integration. Activation of visual-sen-
sory integration brain regions may be a strategy to main-
tain joint loading when vision is perturbed. Clinicians may 
consider incorporating interventions which manipulate vi-
sual and somatosensory stimuli simultaneously to target 
cross-modal processing within the sensorimotor network 
for individuals after ACLR. However, the correlational sta-
tistical approach limits a cause-and-effect interpretation 
of the results presented here. Further investigation is war-
ranted to identify which patients could most benefit from 
multi-sensory interventions and understand potential sen-
sory related neural activity variation after ACLR. 
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Background  
While a lack of psychological preparedness and fear of movement may be linked with the 
anterior cruciate ligament (ACL) re-injury, these variables are rarely addressed 
throughout the therapy stages via educational sessions. Unfortunately, in terms of 
reducing fear, increasing function, and returning to play, no research has been done yet 
on the efficacy of adding organized educational sessions to the rehabilitation programs of 
soccer players post-ACL reconstruction (ACLR). Therefore, the study’s aim was to assess 
the feasibility and acceptability of adding organized educational sessions to the 
rehabilitation programs post-ACLR. 

Methods  
A feasibility randomized controlled trial (RCT) was conducted in a specialized sports 
rehabilitation center. Participants post ACL reconstruction were randomized to either 
usual care with a structured educational session (intervention group) or usual care alone 
(control group). This feasibility study investigated three aspects: recruitment, 
intervention acceptability and randomization, and retention. The outcome measures 
included Tampa Scale of Kinesiophobia, ACL-Return to Sport after Injury, and 
International Knee Documentation Committee for knee function. Measurements were 
done at baseline and one week after the intervention. 

Results  
All of the 36 players who were undergoing rehabilitation post-ACLR at the center at the 
time of the study were invited to participate in the study. Thirty-five players (97.2%) 
agreed to participate in the study. The participants responded to some questions about 
the acceptability of the intervention and randomization and most of them thought they 
were appropriate. 30 (85.7%) participants completed the follow-up questionnaires one 
week after the randomization. 

Conclusion  
This feasibility research found that adding a structured educational session to the 
rehabilitation program for soccer players after ACLR is feasible and acceptable. Full-scale 
RCTs with longer follow-ups and multiple locations are recommended. 
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INTRODUCTION 

The anterior cruciate ligament (ACL) injury is among the 
most frequent injuries in competitive games.1 The preva-
lence of ACL injury in Saudi Arabia is calculated at 31 in-
juries per 100,000 people.2 ACL injuries account for around 
53% of all knee injuries and affect 60% of young active par-
ticipants.2 

ACL injury is usually managed surgically by ACL recon-
struction (ACLR) followed by rehabilitation. As the ACL re-
habilitation program progresses, determining the appro-
priate return to play (RTP) time is difficult and somewhat 
complicated.3 The RTP has to be strongly individualized to 
train the knee for competition and prepare the whole body 
for the next step.4 For optimal neuromuscular patterning 
and biomechanics, the knee needs to be stable and solid.5 

The athlete, however, needs to be psychologically prepared 
for RTP.6 

Psychological issues frequently are at play during both 
the acute and recovery phases following surgery and might 
be present for many years after the ACLR.7 Although an 
assessment of psychological readiness following ACLR was 
developed to predict the time of RTP, this has not been for-
mally integrated in the rehabilitation protocols and has not 
been studied adequately.8 Moreover, the fear of movement 
might also contribute to re-injury and has been shown to 
affect RTP.9 Indeed, a lower psychological readiness and 
a higher score of fear of movement might be among the 
most relevant factors associated with re-injury after ACL, 
yet they are still not consistently considered during the re-
habilitation phases.10 

Some authors have examined psychosocial intervention 
and its effectiveness in improving RTP outcomes after 
ACLR.8 A systematic review was done by Coronado et al.,8 

looking for the role of psychosocial intervention with re-
gard to improving patient-reported clinical outcomes after 
ACLR. Their review suggests that there is limited evidence 
on the reduction of the fear of re-injury. Besides, there 
is little evidence of the effectiveness of psychosocial ap-
proaches in the post-surgical phase to improve functional 
rehabilitation following ACLR.8 In order to apply a high-
quality experimental design in the conduct of research as-
sessing the effectiveness of any novel intervention, first and 
foremost the assessment of the feasibility and acceptability 
of such investigation should be examined. Therefore, this 
study aimed to examine the feasibility and acceptability of 
adding a structured educational session to the rehabilita-
tion program for soccer players post ACLR. 

METHOD 

Ethical approval was obtained from the Research Ethics 
Committee of the Faculty of Rehabilitation and Health Sci-
ence at Prince Sattam University in Kharj, Saudi Arabia 
(IRB: RHPT/021/006). The study was registered in the Re-
search Registry (ResearchRegistry.com) with registration 
number 6634. 

DESIGN 

A feasibility double-blind randomized controlled study was 
conducted in collaboration with the sport rehabilitation 
center in Riyadh, from March 28, 2021 until April 6, 2021. 
Participants were randomly allocated to either the inter-
vention group (Group A: usual care with a structured edu-
cational session) or the control group (Group B: usual ACL 
rehabilitation program). 

PARTICIPANTS 

Soccer players undergoing ACLR rehabilitation were invited 
to participate in the study. All the players included had to 
satisfy the inclusion criteria. 

INCLUSION CRITERIA 

Soccer players (professional and amateurs) were invited to 
participate if they satisfy these inclusion criteria: 

EXCLUSION CRITERIA 

Players with any additional surgical procedures other than 
ACLR and/or undergoing prevention programs (discharge 
phase from rehab services) were excluded. 

RECRUITMENT 

A convenience sample of soccer players was recruited from 
the center. Potential participants were invited to partic-
ipate. Information on the participant’s demographics 
(height, weight), dominant leg (as described by which side 
they preferred to kick a ball), average number of hours 
spent in a week for rehabilitation was collected. In addition, 
Tampa Scale of Kinesiophobia (TSK-17), ACL-Return to 
Sport after Injury (ACL-RSI), and International Knee Doc-
umentation Committee (IKDC) were completed electron-
ically by all participants using google forms 
(https://docs.google.com/forms). 

MASKING 

To minimize bias, the study was double-blinded. Thus, the 
outcome assessor and the clinicians involved in the rehabil-
itation had no information on group assignment. 

RANDOMIZATION 

Each player had an equal chance of being assigned to either 
one of the study groups. The allocation was concealed, 
and the sequentially generated numbers were placed into 
opaque sealed envelopes. 

• Aged between 18 and 45 with an ACL injury. 
• Have undergone ACLR (any graft type; patellar or 

hamstring) and were at any rehabilitation phase of 
ACLR rehabilitation. 

• Were able and willing to give informed consent. 
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INTERVENTION 

THE CONTROL GROUP 

After randomization, participants in the control group con-
tinued their usual care in the same clinic. After one week, 
they were asked to answer the final survey. 

THE INTERVENTION GROUP 

Participants in intervention group received the same reha-
bilitation protocol as the control group, and attended a vir-
tual interactive structured educational session via ZOOM 
platform. The educational session included a series of top-
ics related to the surgery and the rehabilitation process as 
well as simple answers to some frequently asked questions 
among players undergoing ACLR rehabilitation. 

The structured educational topics were prepared and 
supplemented with graphs and pictures to ensure the clar-
ity and understandability of the materials. The educational 
session materials were based on recent evidence, available 
literature, and advice from five expert sport physiothera-
pists. 

After one week, the participants were asked to answer 
the final follow-up survey. In addition, they were asked 
to answer whether “the intervention and the randomiza-
tion were acceptable”, with optional choice to add more de-
tails using open-ended questions (by both players and clin-
icians) regarding the acceptability of the intervention and 
randomization. 

ESTIMATED SAMPLE SIZE 

The sample size was based on the number of patients with 
ACLR attending the center. In the three months prior to 
recruitment, 45 ACLR players visited the center. The per-
centage of consenting eligible players was expected to be 
50%, resulting in eight players randomized per month. This 
translated into an expected total of at least 24 players over 
the proposed three months of recruitment. Therefore, this 
feasibility study aimed to recruit at least 24 participants. 

OUTCOME MEASUREMENT 

TAMPA SCALE OF KINESIOPHOBIA (TSK-17) 

The TSK was originally employed to evaluate the fear of 
movement in patients with low back pain. It has also been 
used to assess fear of re-injury and pain in patients with 
different conditions, such as ACL injuries.11,12 It consists 
of a self-report checklist of seventeen domains using a Lik-
ert scale of four items. Total values from 17 to 68 indicate 
a high degree of kinesiophobia. The cut-off score has also 
been established by Vlaeyen et al.13 The Arabic version 
of the TSK showed high test-retest reliability between re-
peated measurements. It demonstrated an intraclass corre-
lation coefficient (ICC) of 0.86 and a Cronbach alpha value 
of 0.87 for low back pain patients.14 For post-ACLR patients 
it showed an ICC of 0.93 and a Cronbach alpha value of 
0.90, which represent strong internal consistency.15 

ACL-RETURN TO SPORT AFTER INJURY (ACL-RSI) 

The ACL-RSI scale was developed to assess a number of 
psychological factors associated with return to sports, such 
as fear and frustration, confidence, and self-efficacy.9 

Twelve elements are tested on a scale of zero to 100, mea-
suring three psychological frameworks: emotion, confi-
dence, and risk perception.9 Higher ratings reflect a more 
optimistic view on RTP, 56 or more reflect the ability to 
RTP, and 76 and more indicate a return to maximum per-
formance.9 The test-retest reliability of the Arabic ACL-RSI 
was high (ICC = 0.93). 

INTERNATIONAL KNEE DOCUMENTATION COMMITTEE 
(IKDC) 

IKDC consists of 18 questions in the regions of symptoms, 
working during everyday life, current function of the knee, 
and involvement in work and sport.16 The Arabic IKDC 
showed an excellent test-retest reliability between repeated 
measurements, as the ICC in patients post ACLR was 0.95.15 

DATA ANALYSIS 

FEASIBILITY STUDY INDICATORS 

STATISTICS 

The mean, Standard deviation (SD), absolute and relative 
frequency, were used to describe the data. 

Chi-square test was used to examine the significant dif-
ference between the two groups. 

RESULTS 
PARTICIPANT SELECTION, ENROLLMENT, AND 
ALLOCATION 

There were 36 players rehabilitating post-ACLR at the cen-
ter at the time of the study. They were screened and all 
36 (100%) satisfied the inclusion criteria. One participant 
(2.7%) of these 36 did not wish to participate in the study, 
providing the reason he did not have time to participate. 
The remaining 35 (97.2%) consented to participate and 
agreed to be randomized. Of these, 30 (85.7%) completed 
the study (the one-week follow-up). 

After randomization, the 35 participants were randomly 
assigned to one of the two groups: the intervention group 
(n=18 at baseline, with two losses to follow up; n=16) and 

• Recruitment number: 

• Acceptability rate 

• Retention rate 

◦ Set goal: 24 players 

◦ Set goal: at least 65% of eligible participants 
consent to participate in the trial. 

◦ In addition, if most participants and clinicians 
reported that intervention and randomization 
were acceptable (open-ended questions). 

◦ Set goal: ≥ 80% at the follow-up survey 
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Figure 1. Flow Diagram   

the control (n=17 at baseline, with three losses to follow up; 
n=14). 

The intervention group received the online educational 
session (either live or recorded), with eleven (61.1%) of the 
intervention group receiving the educational session syn-
chronously at the same time that the instructor performed 
it. The other seven (38.9%) could not attend the live educa-
tional session, therefore they watched the recorded lecture 
later on the same day. The latter group was instructed to 
ask and comment on any information needed. The progress 
of the RCT phases is depicted in Figure 1 (Flow Diagram). 

DEMOGRAPHIC DATA 

The 35 participants included were ACLR male players with 
a mean (SD) age of 26 years (±6), an average mass of 78.6 
kg (±13.8), and an average BMI of 25.8 (±3.8). Of these, 
27 (77.1%) had suffered from an ACL injury in the right 
knee, and eight (22.8%) in the left knee. Additionally, 14 
(40%) had received patellar tendon graft reconstruction for 
the ACL, ten (28.6%) had received hamstring tendon grafts, 
three (8.5%) had received allografts, and eight (22.8%) were 
unsure about the graft type. 

Participants in both groups had similar physical charac-
teristics (p>0.05). The intervention group had more patellar 
tendon-bone grafts than the control group (72.2% to 5.88%, 
respectively; X2 [2, n=35]=13, p= 0.0002). 

The average time to rehabilitation start post ACLR was 
3.1 days, ranging from zero to 14 days, with six (17.1%) 

starting their rehab immediately after the surgery. Table 1 
presents the demographic and clinical characteristics of the 
participants in both the intervention and control groups. 

FEASIBILITY INDICATORS IN THE RCT 

In this study, the feasibility indicators were: 

RECRUITMENT NUMBER 

Overall, 36 players were screened over the one-day re-
cruitment period. Of these, 36 satisfied the inclusion crite-
ria. All the participants completed the questionnaire, and 
there was no missing data. The questionnaire completion 
typically took five to fifteen minutes, and according to the 
participants, none of the items were said to be complicated. 

ACCEPTABILITY RATE 

One participant (2.7%) did not wish to participate in the 
study while 35 (97.2%) agreed to join the trial. 

All the participants responded to the yes/no questions 
about the acceptability of the intervention and randomiza-

• Set goal: 24 players 

• Set goal: at least 65% of eligible participants consent 
to participate in the trial. In addition, most of the 
participants and clinicians report acceptability of the 
intervention and randomization. 
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Table 1. Participant’s characteristics   

Intervention group, n=18 (51.43%) Control group, n=17 (48.6%) 

Age yrs., mean (SD, range) 26.5 (6.65, 19-42) 26.1 (5.33, 19-36) 

Height cm, mean (SD, range) 174 (5.32, 166-185) 174.85 (6.70, 160-190) 

Weight kg, mean (SD, range) 76.5 (10.1, 60-99) 80.88 (16.94, 59-125) 

BMI, mean (SD, range) 25.25 (2.8, 21.8-32.7) 26.4 (4.83, 18.6-39.01) 

Dominant (number, %) 
Right 
Left 
Both 

10 (55.5%) 
5 (27.7%) 
3 (16.6%) 

13 (76.5%) 
3 (17.6%) 
1 (5.88%) 

Injured leg (number, %) 
Right 
Left 
Both 

13 (72.2%) 
5 (27.7%) 
0 (0%) 

14 (82.35%) 
3 (17.6%) 
0 (0%) 

Marital status (number, %) 
Single 
Married 

13 (72.2%) 
5 (27.7%) 

13 (76.5%) 
4 (23.53%) 

Kind of operation (number, %) 
ACLR only 
ACLR+ Medial meniscus 
ACLR+ Lateral meniscus 
ACLR+ both meniscuses 

13 (72.2%) 
4 (22.22%) 
0 (0%) 
1 (5.55%) 

12 (70.5%) 
2 (11.8%) 
1 (5.88%) 
2 (11.8%) 

Type of operation (number, %) 
Patellar tendon bone autograft 
Hamstring tendon bone autograft 
Quadriceps autograft 
Allograft 
I don’t know 
I can’t remember 

13 (72.2%) 
4 (22.22%) 
0 (0%) 
1 (5.55%) 
0 (0%) 
0 (0%) 

1 (5.88%) 
6 (35.3%) 
0 (0%) 
2 (11.8%) 
5 (29.41%) 
3 (17.6%) 

Time from surgery to rehab (number, %) 
Same day 
Less than a week, 
More than a week 

5 (27.7%) 
9 (50%) 
4 (22.22%) 

1 (5.88%) 
12 (70.5%) 
4 (23.53%) 

Days of training in a week (number, %) 
Daily (five days) 
Four days 
Three days and less 

8 (44.44%) 
2 (11.11%) 
8 (44.44%) 

5 (29.41%) 
4 (23.53%) 
8 (47.06%) 

Chronicity (number, %) 
Up to 3 months 
4-6 months 
7-12 months 
more than 1 year 

3 (16.6%) 
1 (5.55%) 
6 (33.33%) 
8 (44.44%) 

3 (17.6%) 
3 (17.6%) 
1 (5.88%) 
10 (58.82%) 

Yrs.: years; BMI: body mass index       

tion, which were found to be acceptable by 100% of the 
participants. However, only two players and one clinician 
agreed to give a more detailed statement with regard to the 
intervention. 

The participants’ responses suggest that an educational 
session at the beginning of the rehab is helpful regarding 
the awareness of the process; additionally, it might help 
players to overcome fear, thus enhancing psychological 
readiness post-ACLR. 

Among the responses collected, we report the following 
representative ones: 

One of the clinicians also responded as follows: 

• “If I had received such an intervention from the begin-
ning, it would have helped me understand more about 
my situation and have a reasonable expectation regard-
ing RTP timing and readiness.” A23 

• “This is a unique way of helping ACLR patients with 
their understanding of the plan of treatment; my clini-

cian had discussed the information provided in the lec-
ture with me before, but not in an organized and struc-
tured way like the one we had in the lecture. I think it 
will be a great addition to the rehabilitation plan. Still, 
I think it will be much better if it provided onsite, rather 
than online, so it will be easier to interact with the lec-
turer and participate.” A35 

• “The lecture is a great way to help the patients wonder 
and answer most of their questions. However, I think it 
will be of great value for the patients to have it at the 
beginning of their rehab and also to have a repeated 
section addressing their current phase, at the end of 
each phase.” Clinician 1 
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RETENTION RATE 

In the follow-up (one week after the randomization), 30 
(85.7%) participants completed the questionnaires, and five 
(14.3%) declined to participate in the reassessment, two re-
ported they were not interested to participate in the follow 
up, and three reported that they did not have time to an-
swer the survey. 

OUTCOME MEASURES 

The baseline measurements showed similar levels of fear of 
re-injury in both groups based on TSK-17 scores (mean of 
41.7 for the intervention and 41.8 for the control). However, 
ACL-RSI was slightly higher in the intervention group at 
baseline (mean of 65.3; SD ± 23.7) compared to the control 
(63.7; SD ± 20.4). Similarly, this was also the case with the 
IKDC measure (73.2; SD ± 14.3 for the intervention com-
pared to 68.7; SD ± 15.6 for the control). Table 2 shows the 
outcome measurement scores of the participants in both 
the intervention and control groups. 

In the follow-up measurement, the intervention group 
shows improvement from the educational session after one 
week with a lower TSK-17 mean score ( =37.6; SD ± 4.8), 
and an improvement in readiness as shown by an increased 
ACL-RSI mean score ( =83.4; SD ± 15.8). However, there 
was no change in knee function as measured by the IKDC. 

DISCUSSION 

This study indicates that conducting an RCT examining the 
effectiveness of adding a structured educational session to 
the rehabilitation program for soccer players post ACLR is 
both feasible and acceptable. This was based on achieving 
the recruitment number, acceptability, and retention rate 
indicators. 

Patient education is an essential part of physical therapy 
intervention. It is widely used in most musculoskeletal con-
ditions, such as back pain,17 and shoulder pain.18 In ad-
dition, patient education is considered to have some psy-
chological aspects when treating the patient.19–21 Besides, 
no known adverse events are associated with education in 
physical therapy interventions. All of this makes education 
an important constituent to be included in other parts of 
the intervention. 

In the intervention and control groups, the ACLR players 
were healthy, active men undergoing rehabilitation post-
ACLR. Participants in both groups were mostly similar in 
terms of age, weight, height, BMI, and injured leg. However, 
the results showed more patellar tendon-bone grafts in 
the intervention group than in the control group 
(72.2%:5.88%). Nevertheless, the results regarding the 
strength outcomes and patient experience were similar af-
ter patellar tendon-bone grafts or hamstring autograft 
bone, and both exceeded the strength outcome following 
other types of surgeries for ACLR.22,23 Additionally, the 
question on the surgery type was self-reported; thus, it 
could be affected by recall bias. Indeed, almost half of the 

participants in the control group reported they did not 
know or could not remember the surgery type. Therefore, 
it is recommended that surgery type data be gathered in 
future studies directly from the medical/surgical record for 
each player. 

The study’s main goal was to examine the feasibility of 
conducting an RCT to examine the effectiveness of adding a 
structured educational session to the ACLR rehabilitation. 

Several indicators were set in this study to assess the fea-
sibility of conducting a full-scale RCT. 

The initial objective was to recruit at least 24 players 
with ACLR. This was calculated based on 45 ACLR players 
having visited the center in the previous three months (Au-
gust to October 2020). The expected percentage of consent-
ing eligible players was 50%, suggesting eight players could 
be randomized per month. This would result in at least 24 
players over the three months, as proposed for the recruit-
ment. This study was able to recruit and randomize up to 
35 participants. This was possibly due to the fact that re-
cruitment took place in a major private center specialized 
in rehabilitating such cases. 

The second index addressed in this feasibility study was 
the acceptability of the intervention and randomization. 
The goal was to have at least 65% of the eligible soccer 
players willing to participate, in addition to the acceptabil-
ity of the study by most of the participating players and 
clinicians involved. Only one player (2.7%) declined to par-
ticipate in the study, thus ending up with 35 (97.2%) willing 
to participate in the study and to be randomized. 

Furthermore, all participants responded they found both 
the intervention and the randomization as acceptable. In 
addition, the responses to the open-ended questions sug-
gest that adding a structured educational session at the be-
ginning and after each phase is also thought to enhance the 
awareness of the player about the rehabilitation process. 
Raising rehabilitation process awareness and covering most 
of the rehab phases is expected to help with the players’ 
fear of re-injury and their psychological readiness post 
ACLR. 

Further, this study shows that it might be helpful to de-
liver the educational part through online recorded educa-
tional sessions, since 38.4% of the study participants in the 
intervention group could not attend the live online educa-
tional session and they had to watch it recorded. Sending 
the recorded lecture to be watched by every participant in 
the experimental group will help in standardizing the inter-
vention and examining the effect. Despite some responses 
indicated that an onsite lecture would help in terms of bet-
ter communication and interaction, future studies could in-
clude a special live event to discuss the educational session 
after watching it recorded. In the end, it is still an accept-
able way to go further with a full RCT, and it should be re-
membered that the inclusion of patient satisfaction indica-
tors is encouraged into the complete RCT, if this is to be 
conducted. 

The third dimension addressed by this feasibility study 
was follow-up. In the study, 80% of the included players 
were maintained in the follow-up until the final assess-
ment. The loss of follow-up in this study was 14.3% (n=5). 

• Set goal: ≥ 80% at follow-up. 
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Table 2. Outcome measurements score of the participants in both the intervention and control groups              

Outcome 
measurement 

Intervention group Control Group Independent t-test 
p-value 

Mean difference 

Baseline After one 
week 

p-value Baseline After one 
week 

p-value Between groups 
After one week 

95% Confidence 
interval 

TSK-17 mean (SD) 41.7 (±6.5) 37.6(±4.8) 0.055 41.8 (±4.63) 41.6 (±4.6) 0.903 0.026 2.3-5.4 

ACL-RSI mean (SD) 65.3 (±23.7) 83.4 (±15.8) 0.016 63.7 (±20.4) 64.3 (±20.6) 0.934 0.009 12.5-22.5 

IKDC mean (SD) 73.2 (±14.3) 73.2 (±14.3) 1 68.7 (±15.6) 68.7 (±15.6) 1 0.420 0 

Tampa scale for Kinesiophobia-17 (TSK-17), ACL return to sport after injury (ACL-RSI), and the International Knee Documentation Committee (IKDC) for knee function.                       
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A follow-up loss of 5% or less is typical.24 Conversely, a loss 
of 20% or more suggests that researchers should be wor-
ried about the risk of bias.25 Since 14.3% is closer to 20% we 
should be concerned and this should be looked at in future 
studies and intention to treat analysis may be considered to 
avoid any potential bias. 

The study’s outcome measure results suggest that 
adding a structured educational session to the rehabilita-
tion program for soccer players post ACLR might help re-
duce the fear of re-injury (using the TSK-17) and improve 
the level of psychological readiness (using the ACL-RSI) for 
players one week following the intervention. According to 
Ardern et al.,10 lower psychological readiness and a higher 
fear of movement score might be among the most impor-
tant factors associated with re-injury. Yet, they are still dis-
regarded during the rehabilitation process. 

The results also showed no change in knee function in 
both groups one week after baseline as assessed by IKDC in 
patients post ACLR. This might be due to the short study’s 
follow-up and more theoretical intervention, with no 
change in the exercise program provided to the partici-
pants. Other studies used and observed an IKDC difference 
for knee function, when reassessed at a follow-up of more 
than six weeks.26,27 

In conclusion, the main results of this study provided 
support for the feasibility of a novel RCT examining the ad-
dition of a structured educational session to the rehabilita-
tion plan for players post-ACLR. In addition, multiple fac-
tors emerged from the players’ and clinicians’ responses to 
the open-ended questions that could improve the efficiency 
of future studies. 

LIMITATIONS 

A variety of factors limited the findings in this study and 
need to be taken into account when interpreting the re-
sults. 

The significant differences observed in the two outcomes 
(TSK-17 and ACL-RSI) are questionable since this study 
was not powered to examine the significance of this dif-
ference. It is important to acknowledge the limited sample 
size (less than 35 per group is not ideal) when thinking 
of such difference in the outcome measures.28 Moreover, 
some factors may introduce confounding bias related to the 
participants’ characteristics and surgical type. It was also 
surprising that seven of the participants from the control 
group reported not knowing or remembering their surgi-

cal procedure, while none from the intervention group re-
ported this. However, after looking back at the data collec-
tion procedure, we found a standard procedure regardless 
of the group assignment and therefore this can be only at-
tributed to random error. In future studies, this can be mit-
igated using stratified sampling techniques and collecting 
information on the type of surgery directly from the med-
ical/surgical files of the participants. Moreover, the rela-
tively short follow-up of the study might have affected its 
results. 

While the intervention was a live online version, more 
than a third of the target participants could not watch it 
synchronously, but had to watch it recorded; this may have 
impacted the standardization of the educational session. 

Furthermore, using only one center to recruit the study 
sample is inherently linked with selection bias. A larger 
trial with multiple recruitment centers and on a larger sam-
ple would ensure more diverse groups and more robust re-
sults. 

CONCLUSION 

The results of this study indicate that conducting an RCT 
examining the effectiveness of adding a structured educa-
tional session to the rehabilitation program of soccer play-
ers post ACLR is both feasible and acceptable. However, 
several factors need to be considered before conducting a 
full-scale RCT, such as, longer follow-up time, multiple re-
cruiting centers, larger sample size, and stratified sampling 
techniques to ensure similar groups. Finally, using recorded 
educational sessions would provide more standardized in-
tervention, which is also deemed to be preferable. 
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Background  
Psychological barriers due to anterior knee pain (AKP) and anterior cruciate ligament 
reconstruction (ACLR) may have a direct impact on an individual’s return to physical 
activity. A comprehensive understanding of these psychological barriers in individuals 
with AKP and ACLR may help clinicians to develop and implement better treatment 
strategies to address deficits that may exist in these individuals. 

Hypothesis/Purpose  
The primary purpose of this study was to evaluate fear-avoidance, kinesiophobia, and 
pain catastrophizing in individuals with AKP and ACLR compared with healthy 
individuals. The secondary purpose was to directly compare psychological characteristics 
between the AKP and ACLR groups. It was hypothesized that 1) individuals with AKP and 
ACLR would self-report worse psychosocial function than healthy individuals and 2) the 
extent of the psychosocial impairments between the two knee pathologies would be 
similar. 

Study Design   
Cross-sectional study. 

Methods  
Eighty-three participants (28 AKP, 26 ACLR, and 29 healthy individuals) were analyzed in 
this study. Fear avoidance belief questionnaire (FABQ) with the physical activity 
(FABQ-PA) and sport (FABQ-S) subscales, Tampa scale of Kinesiophobia (TSK-11) and 
pain catastrophizing scale (PCS) assessed psychological characteristics. Kruskal-Wallis 
tests were used to compare the FABQ-PA, FABQ-S, TSK-11, and PCS scores across the 
three groups. Mann-Whitney U tests were performed to determine where group 
differences occurred. Effect sizes (ES) were calculated with the Mann-Whitney U z-score 
divided by the square root of the sample size. 

Results  
Individuals with AKP or ACLR had significantly worse psychological barriers compared to 
the healthy individuals for all questionnaires (FABQ-PA, FABQ-S, TSK-11, and PCS) 
(p<0.001, ES>0.86). There were no differences between the AKP and ACLR groups 
(p≥0.67), with a medium ES (-0.33) in the FABQ-S between AKP and ACLR groups. 
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Conclusion  
Greater psychological scores indicate impaired psychological readiness to perform 
physical activity. Clinicians should be aware of fear-related beliefs following knee-related 
injuries and are encouraged to measure psychological factors during the rehabilitation 
process. 

Level of Evidence    
2 

INTRODUCTION 

The knee is the most commonly injured joint in both male 
and female adults, accounting for 19% to 23% of all or-
thopedic injuries.1 Two of the most frequent musculoskele-
tal knee conditions are anterior knee pain (AKP), which in-
corporates patellofemoral pain, patellar subluxation, and 
patella dislocations, and anterior cruciate ligament injuries 
(ACL).2–4 AKP has an annual prevalence of 22.7%5 while 
over 250,000 ACL injuries occur each year.6 AKP is a mul-
tifactorial pathology linked to increase stress on the 
patellofemoral joint, resulting in pain,7 and recurrent or 
chronic symptoms.3 ACL injuries are often the result of di-
rect or indirect trauma to the knee, often leading to surgical 
intervention (e.g., reconstruction) to restore stability and 
function of the knee.8 While the mechanism of injury be-
tween conditions differs, both present with similar clinical 
impairments. Individuals with AKP and ACL reconstruction 
(ACLR) often present with decreased self-reported func-
tion,7 lower extremity muscle weakness,7 reduced physi-
cal activity level7,9,10 and poor health-related quality of 
life.11,12 Additionally, both AKP13 and ACLR14 are sug-
gested to result in increased risk for the development of 
knee osteoarthritis. 
Although therapeutic interventions and surgical proce-

dures aim to enhance physical function in individuals with 
AKP and ACLR, many individuals still report long-term dis-
ability.8,15 Restoration of functional outcomes and patient-
reported satisfaction is one of the primary criteria for med-
ical clearance for return to daily activities following knee 
pathologies.16–18 Unfortunately, many patients exhibit 
psychological impairments during their rehabilitation that 
can act as barriers to successful recovery.19 Both individuals 
with AKP and ACLR present with injury-related fear-avoid-
ance, kinesiophobia, and pain catastrophizing.20–22 

Greater psychological barriers in both patient populations 
has been associated with inability to resume pre-injury lev-
els of sport, decreased physical activity engagement, and 
decreased health- or knee-related quality of life.8,23 Fear-
avoidance is based off a psychiatric model that describes 
how individuals develop and maintain musculoskeletal pain 
as a result of avoiding behavior based on past pain experi-
ences.24 Kinesiophobia is generally defined as fear of move-
ment due to the pain experience25 whereas pain catastro-
phizing is depicted as magnifying pain and feeling helpless 
in the face of pain.26 

Self-reported questionnaires to quantify psychological 
barriers have emerged as an important component for 
AKP11 and ACLR27 rehabilitation. These tools are fre-
quently integrated into return to play testing with psy-

chological barriers being predictive of athletes success in 
returning to sport17,28 and regaining optimal physical func-
tion.29 In recent literature, the decision to return to sport 
after ACLR has been strongly influenced by psychosocial 
factors.30 Additionally, elevated fear-avoidance beliefs and 
fear of reinjury are associated with increased risk of injury, 
impaired return to prior levels of performance, and reduced 
physical activity level.9,31–34 Over time psychological bar-
riers and physical performance improve; however, the im-
provements do not exceed clinical thresholds and still pre-
sent years following injury and treatment.35–37 This 
reinforces that physical performance should not be the lone 
post-operative outcome and that consideration of psycho-
logical consequences in those with knee pathologies should 
also be accounted for.30 Psychological characteristics 
amongst AKP and ACLR patient populations have been re-
ported separately; however, it is unknown if similar psycho-
logical responses exist between two common knee condi-
tions. 
A comprehensive understanding of the psychological 

features in individuals with AKP and ACLR would help clin-
icians to develop and implement better treatment strate-
gies to address deficits that may exist in these individuals. 
Therefore, the primary purpose of this study was to eval-
uate fear-avoidance, kinesiophobia, and pain catastrophiz-
ing in individuals with AKP and ACLR compared with 
healthy individuals. The secondary purpose was to directly 
compare psychological characteristics between the AKP 
and ACLR groups. We hypothesized that 1) individuals with 
AKP and ACLR would self-report worse psychosocial func-
tion than healthy individuals and 2) the extent of the psy-
chosocial impairments between the two knee pathologies 
would be similar. 

MATERIALS AND METHODS 
DESIGN 

A survey was used to examine the influence of AKP and 
ACLR on fear-avoidance beliefs, kinesiophobia, and pain 
catastrophizing. Independent variables include each group: 
AKP, ACLR, and a no injury history group. Dependent vari-
ables include the fear-avoidance belief questionnaire 
(FABQ) with the physical activity (FABQ-PA) and sport 
(FABQ-S) subscales, Tampa scale of Kinesiophobia (TSK-11) 
and pain catastrophizing scale (PCS) scores. The reporting 
of the study adhered to the CHERRIES guidelines recom-
mendations.38 The study was approved by each university’s 
Institutional Review Board (University of Connecticut and 
University of Toledo) and all participants provided in-
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formed consent via an online consent process. Participants 
were provided information regarding study purpose, esti-
mated time for study completion, management of identifi-
able data, and contact information for the research team. 
Cookies or timestamps were not used in this study but du-
plicate IP addresses were extracted. 

PROCEDURES 

Data were collected over an eight-month period from two 
large public universities (one in the Midwest and one in the 
Northeast) from college-aged students as part of a larger 
study evaluating musculoskeletal injury history. Recruit-
ment for the study was conducted electronically via email, 
social media platforms, and research announcements at 
each university. A total of 502 participants between the two 
universities completed a survey, 83 participants met the 
purpose of this study and were included in this analysis. 
Participants completed a self-reported injury history 

questionnaire. The injury history questionnaire was derived 
from previously reported measures and included 15 cate-
gories of sports-related injuries.39 Participants were asked 
to self-report if they had previously sustained any muscu-
loskeletal conditions The questionnaire also collected basic 
demographic information (e.g., height, weight) and if par-
ticipants were currently experiencing an injury that was re-
sulting in pain. Participants who reported a previous mus-
culoskeletal condition were also asked to indicate 
additional demographic information about the type and 
severity of injury, whether surgery was required, the num-
ber of times the injury occurred, and time since injury/
surgery. All participants, regardless of injury status, then 
completed three previously validated patient reported out-
come metrics developed to capture psychological function 
after musculoskeletal injury. The included the FABQ-PA, 
FABQ-S, TSK-11, PCS in an online data management sys-
tem (Qualtrics). We adhered to previously described meth-
ods that no time restrictions were instituted for either AKP 
or ACLR history and included any self-reported knee in-
juries.40 Finally, the last question of the survey inquired 
about fear surrounding the COVID-19 pandemic. 
The FABQ was developed as a 16-item dimension specific 

questionnaire that originally measured fear-avoidance be-
liefs related to physical activity and work in individuals 
with low back pain.41 A modified FABQ was utilized that re-
placed “low back” with “knee” in order to be joint specific 
in addition to modifying the work subscale to the sport 
subscale.18 The physical activity subscale (FABQ-PA) in-
cludes six questions that are scored out of 30 points while 
the sport subscale (FABQ-S) includes 10 questions that are 
scored out of 60 points. Greater scores reflect increased 
fear-avoidance beliefs related to physical activity and sport. 
The modified FABQ physical activity and sport subscales 
have acceptable internal consistency in individuals with a 
history of knee injuries.42 

The TSK-11 is an 11-item dimension specific question-
naire that is used to measure kinesiophobia. The TSK-11 
ranges from 11 to 44, with greater scores reflecting greater 
fear of movement and reinjury due to movement. The 
TSK-11 has demonstrated acceptable internal consistency 

(0.79) and reliability (0.81) in a chronic low back pain popu-
lation.43 The TSK-11 has also been reported across various 
knee injury populations, including ACLR.44 

Pain catastrophizing was measured with the PCS, which 
is a 13-item dimension specific questionnaire. The PCS 
ranges from 0 to 52, with greater scores representing 
greater catastrophic pain. The PCS has good to excellent 
test-retest reliability (ICC=0.88-.90), adequate validity 
(0.40-0.42) and excellent internal consistency (0.92).45 A 
total score above 30 indicates clinically relevant level of 
catastrophizing. 
Participants were extracted based off who previously re-

ported history of either AKP and/or ACLR and then ex-
tracted a third group of individuals without a history of 
musculoskeletal injury. AKP was defined as patellofemoral 
pain, history of patella subluxation / dislocation, or patella 
maltracking, but did not include patellar or quadriceps 
tendinopathy. Participant responses were excluded for 
missing data of the health history form or questionnaires. 
A total of 83 participants were included: 28 participants (13 
males and 15 females) with a history of AKP, 26 participants 
(11 males and 15 females) with a history of ACLR and 29 
participants (11 males and 18 females) without a history of 
musculoskeletal injury (i.e., healthy individuals). 

STATISTICAL ANALYSIS 

SPSS software (V.22; IBM Corporation, Armonk, NY) was 
used for all statistical analyses. We assessed normality of 
data with a Kolmogorov-Smirnov test, which identified 
non-normally distributed data. Separate Kruskal-Wallis 
tests were used to compare the FABQ-PA, FABQ-S, TSK-11, 
and PCS scores across the three groups (AKP, ACLR, 
Healthy). Mann-Whitney U tests were performed to deter-
mine where group differences occurred. We calculated non-
parametric effect sizes to determine the magnitude of dif-
ference between groups for all questionnaires. Effect sizes 
were calculated with the Mann-Whitney U z-score divided 
by the square root of the group size. Effect sizes were in-
terpreted as small (|0.10-0.29|). medium (|0.30-0.49|), and 
large (|≥0.50|).46 Descriptive statistics for all four question-
naires (FABQ-PA, FABQ-S, TSK-11, and PCS) were reported 
as medians, along with 25% and 75% interquartile ranges. 
Alpha for all analyses was set a priori as p≤0.05 meaning 
there is a 5% chance that the significant findings were due 
to error. 

RESULTS 

Descriptive demographics between groups are reported in 
Table 1, and there were no differences in age or sex across 
the three groups, p=0.72. The AKP group included 15 cases 
of patellofemoral pain, 10 cases with history of patella sub-
luxation (n=7) or dislocation (n=3) and one case of patella 
maltracking. There was a significant interaction effect be-
tween injury history and questionnaire (FABQ-PA, FABQ-S, 
TSK-11, and PCS) interaction effect present, p<0.001 (Table 
2). Participants with a history of AKP or ACLR had signif-
icantly worse scores compared to the healthy group for all 
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Table 1. Descriptive demographics between groups     

Healthy 
(n=29) 

AKP 
(n=28) 

ACLR 
(n=26) 

Males/Females 11/18 13/15 11/15 

Age, years 20.7±2.2 21.2±2.5 20.8±2.5 

Participants with multiple MSK injuries 
        Number of additional MSK injuries 

0 
0 

7 
3.2±1.7 

5 
2.6±0.8 

Time since injury NA NA 21.8±13.4 

Time before pain free NA 8.6±4.5* NA 

*7 cases of AKP (all self-reported as patellofemoral pain, reported they were not pain free) 

Table 2. Comparison of psychological characteristics     

Median 
(Interquartile Range) 

Mann-Whitney U Mann-Whitney U Mann-Whitney U 

FABQ-PA* Healthy vs. AKP Healthy vs. ACLR AKP vs. ACLR 

Healthy (n=29) 0.00 (0.00-6.00) 
p<0.001 

Z = -6.535 
ES = -1.20 

p<0.001 
Z = -5.549 
ES = -1.04 

p=0.167 
Z = -1.381 
ES = -0.27 

AKP (n=28) 14.50 (13.00-18.75) 

ACLR (n=26) 13.00 (9.50-16.25) 

FABQ-S* 

Healthy (n=29) 0.00 (0.00-8.50) 
p<0.001 

Z = -5.502 
ES = -1.02 

p<0.001 
Z = -5.567 
ES = -1.05 

p=0.087 
Z = -1.711 
ES = -0.33 

AKP (n=28) 23.00 (19.00-28.00) 

ACLR (n=26) 21.00 (16.00-23.00) 

TSK-11* 

Healthy (n=29) 12.00 (11.00-16.50) 
p<0.001 

Z = -5.095 
ES = -0.94 

p<0.001 
Z = -5.660 
ES = -1.06 

p=0.670 
Z = -.426 

ES = -0.08 
AKP (n=28) 25.00 (16.50-28.75) 

ACLR (n=26) 23.00 (21.00-25.50) 

PCS* 

Healthy (n=29) 0.00 (0.00-9.50) 
p<0.001 

Z = -5.265 
ES = -0.97 

p<0.001 
Z = -4.602 
ES = -0.86 

p=0.182 
Z = -1.336 
ES =-0.26 

AKP (n=28) 21.50 (13.00-31.00) 

ACLR (n=26) 14.00 (9.00-25.25) 

* Kruskal-Wallis test demonstrated significant differences, p<.05 
FABQ-PA: Fear-Avoidance Belief Questionnaire-Physical Activity, FABQ-S: Fear-Avoidance Belief Questionnaire-Sport, TSK: Tampa Scale of Kinesiophobia, PCS: Pain Catastrophiz-
ing Scale, AKP: Anterior Knee Pain, ACLR: Anterior Cruciate Ligament Reconstruction, Z: Z-Score, ES: Effect Size 

questionnaires; however, there were no differences between 
the AKP or ACLR groups (Figure 1). 
There were large magnitude effect sizes with the healthy 

versus AKP (ES= -1.20 to -0.94) and healthy versus ACLR 
(ES= -1.06 to -0.86) group comparisons. There was a 
medium effect size (ES= -0.33) in the FABQ-S between the 
AKP and ACLR groups, but small effect sizes for the remain-
ing questionnaires (ES= -0.27 to -0.08). 

DISCUSSION 

College-aged individuals with a history of AKP or ACLR re-
port elevated fear-avoidance, kinesiophobia, and pain cat-
astrophizing compared to healthy individuals. There were 
no statistical or clinically meaningful differences in fear-
avoidance, kinesiophobia, or pain catastrophizing between 
AKP and ACLR groups; however, there was a medium effect 

that individuals with AKP had a greater FABQ-S score com-
pared to the individuals with ACLR. 
AKP and ACLR groups exhibited greater scores in the 

FABQ-PA, FABQ-S, TSK-11 and PCS compared to the 
healthy group, which is consistent with previous literature. 
The findings emphasize the importance of assessing psy-
chological factors in patients with knee pathologies, as var-
ious constructs may be present throughout the rehabili-
tation process.28,47 Both the AKP and ACLR groups had 
elevated scores across the four questionnaires but did not 
differ statistically between groups; however, there were 
small-to-moderate clinical differences in the FABQ-PA, 
FABQ-S and PCS scores. 
There was a wide range in scores across the AKP and 

ACLR groups for all four psychological scales (Figure 1). 
Clinical thresholds have been established for three of the 
four included questionnaires to identify individuals with el-
evated fear-avoidance beliefs, kinesiophobia, and pain cat-

The Comparison of Psychological Barriers Between Individuals with a History of Anterior Knee Pain, Anterior Cruciate...

International Journal of Sports Physical Therapy



Figure 1.   
Figure 1a: FABQ-PA; Figure 1b: FABQ-S; Figure 1c: TSK-11; Figure 1d: PCS between AKP, ACL and Health Individuals. 
FABQ-PA: Fear Avoidance Belief Questionnaire – Physical Activity; FABQ-S: Fear Avoidance Belief Questionnaire – sport; TSK-11: Tampa Scale of Kinesiophobia; PCS: Pain Catastro-
phization Scale; AKP: Anterior Knee Pain; ACL: Anterior Cruciate Ligament 

astrophizing. A threshold score of 15 on the FABQ-PA47 

is used to identify individuals with elevated fear-avoidance 
beliefs while a score of 30 on the PSC26 quantifies pain cat-
astrophizing. The TSK-11 has been divided into four sub-
groups: minimal (≤22), low (23-28), moderate (29-35) and 
high (≥36). Fourteen individuals (50%) with AKP exceed-
ing the threshold for having elevated fear-avoidance be-
liefs, but more interestingly, no individual with AKP scored 
below a 9 on the FABQ-PA (Figure 1). This differs from 
the ACLR group who did not exceed threshold values fear-
avoidance beliefs on the physical activity scale, suggesting 
that fear-avoidance beliefs might be more common in in-
dividuals with AKP. The fear-avoidance model may help 
explain these findings, as the recurring chronic pain may 
provide individuals with AKP more opportunities to con-
front or develop fear of their pain. However, it is difficult to 
determine if the fear-avoidance model contributes to this 
phenomenon without longitudinal data exploring severity 
and frequency of pain, physical activity level, return to 
sport or other factors that may contribute to fear of pain. 
Similar trends in the other scales were observed, with a 
greater number of individuals with AKP demonstrating 
moderate to high kinesiophobia (eight individuals with 
AKP compared to three ACLR individuals) (Figure 1c) and 
exceeding pain catastrophizing (eight individuals with AKP 
compared to four ACLR individuals) (Figure 1d). The small-
to-moderate clinical differences in fear-avoidance beliefs 
and pain catastrophizing scores in the AKP group may be 
due to the included cohort. The AKP cohort mainly in-
cluded individuals with patellofemoral pain, which results 
in pain during functional tasks that require knee flexion 
and lasts for years after initial diagnosis.23,48 Additionally, 
almost half of our AKP cohort were still experiencing pain 
at the time of survey completion, which may explain why 
they had greater psychological barriers. 

Although both groups reported greater fear related be-
liefs compared to the healthy group, there was no statistical 
differences between AKP and ACLR groups. Therefore, re-
gardless of knee pathology, individuals may benefit from 
psychological interventions to combat increased fear-
avoidance, kinesiophobia, and catastrophic pain. Despite 
the lack of differences between groups, interventions are 
essential to minimize secondary consequences and poor 
long-term implications associated with elevated psycholog-
ical domains. The fear-avoidance model shows the longitu-
dinal influence of psychological status on outcome where 
elevated pain catastrophizing and fear of movement or 
reinjury led to a more chronic disability.49 Individuals with 
increased fear-avoidance may also be at an increased risk 
for physical inactivity by adapting strategies to minimize 
painful stimuli.7 Additionally, greater levels of fear-avoid-
ance are associated with stiffened movement patterns, re-
duced knee, hip and trunk flexion,50 that may predispose 
individuals to secondary injuries and readiness to return 
to sport.51 To address the long-term consequences and im-
prove outcomes, clinicians must assess psychological do-
mains and integrate appropriate interventions for patients 
suffering from injury regardless of injury type. There are 
various interventions that clinicians may prescribe when 
treating psychological impairments in their patients, such 
as relaxation therapy, guided imagery, goal-setting, and 
cognitive behavioral therapy.52,53 Psychologically informed 
interventions have been beneficial at reducing FABQ-PA, 
TSK-11, and pain catastrophizing in adolescents with 
PFP,54 while in vivo exposure therapy reduces injury related 
fear in ACLR cohort.55 Additionally, pain neuroscience edu-
cation for chronic musculoskeletal conditions reduces psy-
chosocial factors and improved movement impairments.56 

While there is limited research directly comparing inter-
ventions across AKP and ACLR groups, the lack of differ-
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ence in psychological variables from our data suggests mul-
tiple interventions may be beneficial to patients with knee 
related injuries. 
Interestingly, the healthy group had individuals who re-

sponded to some questions, resulting in scores above zero 
on the FABQ-PA, FABQ-S and PCS, and greater than 11 on 
the TSK-11. While individuals responded to some questions 
across the scales, most did not exceed the threshold scores 
that signify clinical classification. No healthy individuals 
exceeded the threshold for elevated fear-avoidance belief 
on the FABQ-PA.47 Two healthy participants would be clas-
sified as low kinesiophobia, scoring a 23 on the TSK-11, 
while the remaining 27 healthy participants would be clas-
sified as minimal kinesiophobia.57 Finally, no healthy par-
ticipants exceeded the clinical threshold on PCS. Another 
possible explanation would be that the study was adminis-
tered during the COVID-19 pandemic, which could account 
for the responses within the healthy individuals.58 Fear and 
stress are common responses when individuals are exposed 
to perceived threats or during uncertainty, which were com-
mon due to the pandemic. Fear and stress increased during 
the pandemic,59 which may impact both our pathological 
and healthy groups when completing fear-based question-
naires such as those included in our study. The final ques-
tion in the survey inquired if participants had increased 
anxiety levels or depression due to COVID-19; however, 
there were significant differences depending on question 
responses. 
While some relationships exist across psychological do-

mains, fear-avoidance beliefs, kinesiophobia and pain cata-
strophizing are distinct constructs. Similar scores were ob-
served in the FABQ, TSK-11 and PCS between both the AKP 
and ACLR groups; however, the selection of questionnaires 
may be specific to the type of pathology.60,61 Decreasing 
fear-avoidance beliefs specifically on the FABQ-PA, predicts 
function and pain of a standard intervention program in in-
dividuals with AKP. Additionally, lower pain catastrophiz-
ing four-weeks after ACLR were associated with better knee 
function 12-weeks post-surgery,35 while greater kinesio-
phobia increased the odds of identifying patients at risk 
for delayed progression in their rehabilitation program. The 
integration of psychological questionnaires in clinical prac-
tice may be a viable approach to predict success of tradi-
tional intervention programs or identify patients who war-
rant psychological interventions.62 These findings provide 
a baseline look into fear-avoidance beliefs, kinesiophobia, 
and pain catastrophizing; however further investigations 
are needed to determine if the scales selected correlate with 
responses from various intervention programs. 
This study is not without limitations. Due to the per-

ceptual scales and injury history questionnaire being self-

reported, there is a risk of missing injuries or recall bias. 
We also did not acquire detailed data regarding pain sever-
ity or time since pain/injury which may influence these re-
sults. Patient reported outcome measures selected in this 
study may have been influenced by time since surgery and 
recurrent bouts of pain. Differences exist between the clini-
cal presentation and duration of impairments between AKP 
and ACLR. Patients experiencing AKP have pain for years 
after diagnosis, suggesting greater duration of pain may 
provide more opportunities for the development of fear-
avoidance behaviors. Additionally, within the ACLR group 
time since injury also may have influenced the results along 
with comorbidities associated with an ACL injury. Fre-
quency of injuries was not controlled, which may have a 
compounding effect on the reported scores. Current phys-
ical activity was also not assessed, which may influence 
symptoms or psychological impairments in the included 
populations. Injury history within our participant recruit-
ment was also not accounted for, which reduces the interval 
validity. However, this choice improves the external valid-
ity, as clinicians often treat individuals with ACLR or AKP 
that have experienced previous musculoskeletal conditions. 
Similarities in the number of participants with previous 
conditions between each group were not analyzed. Finally, 
there should be some caution with the generalizability of 
the findings, due to the cohort only including college aged 
individuals and the participants self-reporting their injury 
history. 

CONCLUSION 

College-aged individuals with a history of AKP or ACLR 
demonstrated greater fear-avoidance beliefs, kinesiopho-
bia, and pain catastrophizing than healthy controls. There 
were no differences across the four questionnaires between 
individuals with AKP or ACLR, suggesting that despite the 
difference in the knee pathologies, psychological responses 
may be similar. Clinicians should be aware of fear-related 
beliefs following knee-related injuries and are encouraged 
to measure psychological factors during the rehabilitation 
process. 
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Background  
In injury prevention or rehabilitation programs, exercises that facilitate enhanced 
hamstring activity may be beneficial when aiming to enhance knee joint stability during 
movements in sports with higher risk of acute knee injury. Information about 
neuromuscular activation of the hamstring muscles in commonly used exercises may 
improve exercise selection and progression in programs for knee injury prevention or 
rehabilitation. 

Purpose  
To investigate (1) how balance devices with progressing degrees of instability influence 
the activity of muscles controlling the knee joint in typical balance exercises with 
different demands on postural control, and (2) if any between-sex differences exist. 

Study design   
Cross-sectional study. 

Methods  
Twenty habitually active healthy adults (11 males) participated in this cross-sectional 
study. Single-leg stance, single-leg squat and single-leg landing were performed on the 
floor and two different balance devices imposing various levels of challenge to postural 
control. Three-dimensional motion analysis was used to obtain hip and knee joint angles, 
and as primary outcomes, and peak normalized EMG activity from the hamstrings and 
quadriceps muscles was measured for comparison between exercises. 

Results  
The more challenging in terms of maintaining stable balance the devices were, the higher 
hamstring muscle activity levels were observed. There was a clear progression across 
balance devices from single-leg stance to single-leg squat and further to single-leg 
landing displaying increasing hamstring activity levels. The change in medial hamstring 
activity across all devices when changing from single-leg squat to single-leg landing was 
significantly higher for the female participants than for the males reaching a higher level 
of activity. 

Conclusion  
The muscle activity of the hamstrings and quadriceps increased when the motor task was 
more dynamic. Specifically, single-leg landings were effective in increasing the hamstring 
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muscle activity over the single-leg stance to single-leg squat exercises, and muscle 
activity was significantly increased with the most unstable device. Increases in hamstring 
muscle activation was greater in female subjects than males with increasing instability of 
the balance devices. 

Trial identifier   
Not registered. 

Level of evidence    
3 

INTRODUCTION 

The risk of sustaining a serious acute knee injury, especially 
injury to the anterior cruciate ligament (ACL), is elevated 
in ball and racket sports that involve abrupt changes of di-
rection (i.e. landing, turning, and sidecutting).1–4 The in-
cidence rate may be as high as 2.0 per 10,000 exposures in 
female football5 and 3.1 per 10,000 player hours in female 
handball.6 However, when looking at incidence rate during 
game play incidence rate rises to 16 ACL injuries per 10,000 
hours in female handball.6 The individual long term con-
sequences may be substantial, as the knee injury may in-
crease the risk of early osteoarthritis7 and reduce the qual-
ity of life.8 

Many studies examining anatomical, physiological, bio-
mechanical and neuromuscular risk factors have been car-
ried out to investigate various mechanisms potentially in-
fluencing injury risk.9–13 It is shown in a case study that 
an ACL injury may occur after landing with little knee flex-
ion and displaying rapid changes of knee abduction and 
knee rotation angles during the very early phase (<40 ms) 
after initial contact, thus emphasizing the importance of 
proper knee joint stability at landing.14 Also, anatomical 
studies show that quadriceps muscle contraction forces, as 
observed during the initial landing phase, may result in an 
anterior translation of tibia, thus increasing strain in the 
ACL.15–17 These tranaslational forces would best be coun-
teracted by the hamstring muscles,18–20 and prospective 
studies have also shown that reduced medial hamstring ac-
tivity at initial contact during a sidecutting maneuver sig-
nificantly increased the risk of ACL injury.12,13 Exercises for 
increasing the medial hamstring activity may be especially 
important for females, as studies have shown less medial 
hamstring activity in female athletes during sidestep cut-
ting.21 

Although multi-exercise prophylactic training, including 
exercises on different balance devices, is estimated to be 
able to reduce the risk of ACL injury by 50% or more,22 few 
studies have examined the effect of such training regimes 
on the hamstring activation level during ACL injury risk 
movements. Zebis et al.23 found increased hamstring pre-
activation during sidestep cutting after a prevention train-
ing program24 which consisted of both standing and land-
ing balance exercises on floor and unstable surfaces. To 
understand which exercises may be the most effective in in-
creasing hamstring activation levels during risk movements 
like sidestep cutting, greater knowledge about the muscular 
activation, e.g. hamstring muscle activity, during the differ-

ent specific exercises may be helpful. Further, such infor-
mation may assist in planning the optimal progression and 
designing the most efficient prevention program or rehabil-
itation program. 

Previously, studies investigating lower leg muscle activ-
ity during balance exercises showed gradually increased ac-
tivation of the ankle joint stabilizing muscles when mov-
ing from standing balance on the floor to balancing on an 
Airex® mat and BOSU-ball®, respectively.25 Few studies 
have investigated if these increased activity patterns are 
also true for the knee joint muscles during such balance ex-
ercises. Thus, performing exercises that facilitate enhanced 
hamstring activity – and knowing how to progress them – 
may be a promising approach both in prevention and clin-
ical rehabilitation, when aiming to enhance knee joint sta-
bility during vigorous movements seen in many ball and 
racket sports. 

Therefore, the purpose of the present study was: Firstly, 
to investigate how knee muscle activation levels and knee 
and hip joint kinematics were influenced by exercises with 
increasing levels of postural control demands, progressed 
as either increasing the instability of the surface and/or in-
creasing the demands of the balance task from standing 
exercises to landing exercises. Secondly, post-hoc analyses 
were made for analyzing possible effects of sex on muscle 
activation patterns and knee and hip joint kinematics 
within the different exercise modalities and balance de-
vices. 

METHODS 
STUDY DESIGN 

The study used an exploratory, cross-sectional design in 
which a cohort of 20 healthy subjects (11 males) were ex-
amined for sagittal plane hip and knee kinematics and mus-
cle activation while performing different exercises chal-
lenging postural stability with increasing difficulty in a 
3-dimensional (3D) movement analysis laboratory. There 
was no pre-defined weighting of study outcomes or out-
come hierarchy, but given the described potential impor-
tance of the hamstring muscles as knee joint stabilizers, 
particular the medial hamstrings,12,13,21 the primary focus 
was on identifying exercises with high medial hamstring 
activation. Data for ankle muscle activity and ankle kine-
matics during balance exercises in the same cohort have 
been reported previously.25 
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SUBJECTS 

A convenience sample of twenty healthy subjects, 11 male 
and nine females, volunteered to participate in the study. 
Mean age (± SD) was 28.8 ± 2.3 yrs, mean weight was 71.9 
± 11.5 mean height 177 ± 11 cm. All the participants were 
active in different sports, on average 5.2 ± 3.0 hours per 
week (range 1-13.5 hours per week). Subjects were excluded 
if they had any history of an injury in the lower extremity 
in the preceding six months. An injury was defined as an 
injury occurring during a scheduled game or practice, caus-
ing the player to miss the next game, practice session or 
to participate with considerable discomfort. Furthermore, 
subjects were excluded if they had performed any specific 
proprioceptive training during the same period or had per-
formed any strength training sessions within a period of 48 
hours before testing. None of the subjects reported any his-
tory of neurological or vestibular impairments. The local 
ethics committee did not need to perform a full ethics re-
view, because the exercises were all commonly used in 
standard training programs and the non-invasive character 
of the experimental procedures, and furthermore only 
healthy participants were included. All participants gave 
their informed consent, according to the Helsinki Declara-
tion, before entering the study. 

TEST PROTOCOL 

The test session comprised three types of exercises com-
monly used in prevention programs or rehabilitation 
regimes: 1) single-legged standing balance, 2) single-
legged squatting, and 3) single-legged landings. The single-
leg stance exercise demanded 15 seconds of quiet standing 
balance, while the single-leg squat test was a starting from 
straight leg position performing a single knee flexion to 
approximately 90 degrees followed by full extension, in a 
2-second up and 2-second down steady rhythm. The single-
leg landing tests were performed as one-legged hop from a 
distance of 80 % of the subject’s leg length, and the subject 
was required to maintain balance after landing for five sec-
onds. 

Each exercise was performed on three different surfaces 
of varying degrees of instability, one stable and two un-
stable, in this way a total of nine different tests were per-
formed. The stable reference surface was solid floor, and the 
two unstable balance devices were a foam pad (Airex-mat®, 
Sins, CH) and the convex side of a BOSU-ball® (OH, USA), 
henceforth called Airex and BOSU, respectively. Both bal-
ance devices are commonly used in rehabilitation or injury 
prevention training programs.24,26,27 

The BOSU exercises were considered to challenge the 
postural balance more than the Airex. Subjects were in-
structed to maintain balance as steady as possible with 
no restrictions or instructions on leg and arm positioning. 
Subjects were permitted three familiarization trials before 
single-leg landing and one to two familiarization trials be-
fore single-leg squat and single-leg stance tests. Three tri-
als were collected for each test and used for analysis. The 
test protocol ensured that all exercises were performed in a 
randomized order with a 30 second rest between trials and 

two minutes rest between different tests to avoid muscle-
fatigue and maintain a high level of focus. A trial was dis-
carded if the subject could not stand for 15 seconds during 
the single-leg stance test, lost balance during the squat-
ting movement, or could not maintain balance during the 
first five seconds after landing in single-leg landing. Lost 
balance was defined as the subject requiring any correction 
such as re-positioning their foot or touching the floor/bal-
ance device with the opposite foot during the test. 

KINEMATIC DATA 

Kinematic differences in knee and hip joint angles between 
exercises and balance devices were determined using 3D 
motion analysis (Vicon 612 Vcam motion capture system, 
Vicon Motion Systems., Oxford, UK). Before testing, sixteen 
reflective markers were placed over anatomical landmarks 
according to a modified Helen Hayes marker setup,28 except 
for the thigh markers, which were substituted by markers 
attached over the patella, to reduce soft tissue artefacts.29 

Knee and hip joint angles were calculated using inherent 
Vicon plug-in-gait software, including Woltring cubic 
spline filtering of marker trajectories. The tests were per-
formed with the balance devices placed on a force platform 
(AMTI OR6-7, MA, USA). The single-leg stance test was a 
static standing exercise, therefore mean hip and knee flex-
ion angles during the duration of the test were obtained 
for comparison with the two dynamic exercises. Hip and 
knee flexion angles were obtained for both the initiation of 
the movement and the maximal hip and knee flexion an-
gles displayed during the single-leg squat and single-leg 
landing, respectively. The initiation of the movement was 
defined as the start of the downwards movement during 
the single-leg squat and the time of initial contact during 
the single-leg landing, recorded as the instant the vertical 
ground reaction force exceeded 20 N. 

EMG DATA 

Electromyographic (EMG) recordings were used to measure 
the activity of the muscles controlling the knee joint during 
all tests. EMG signals were recorded using rectangular (20 
mm x 30 mm) bipolar surface electrodes (DE-2.1, Delsys, 
Boston, MA, USA). The electrodes were attached to the 
quadriceps muscle over two vastii, the vastus medialis (VM) 
and the vastus lateralis (VL), the hamstrings, the semi-
tendinosus (ST) and the biceps femoris (BF) according to 
standard guidelines.30 All electrodes were placed on the 
dominant leg determined as the preferred kicking leg. Skin 
surfaces were shaved, abraded, and cleansed with alcohol 
to improve the conductivity of the EMG signal.21 All EMG 
signals were pre-amplified and sampled with a frequency of 
1000Hz by a device (Myomonitor IV, Delsys, Boston, MA, 
USA) carried on the back of the subject. Data was wirelessly 
transmitted to a computer with a fixed delay of 200 ms 
and recorded synchronously with the kinematic recordings 
by inherent software in the Motion Analysis system (Vicon 
612 Workstation, Vicon Motion Systems, Oxford, England). 
Prior to dynamic exercises, three trials with five seconds of 
maximum voluntary contractions (MVC) were performed to 
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obtain maximal EMG-levels for each muscle. The maximal 
activation of the quadriceps muscle was obtained in a sit-
ting position with 60° of knee flexion, and the hamstring 
maximal activation levels were obtained during prone lying 
with neutral hip and 20 degrees of knee flexion. 

The fixed transmission delay was adjusted to have the 
EMG data synchronized with the kinematic data. The raw 
EMG-signals were filtered first using a fourth-order high-
pass filter with a cutoff at 10 Hz, and subsequently filtered 
using a root-mean square (RMS) sliding windows of 30 ms 
with 29 ms overlap. Similar filtering procedures were ap-
plied to the MVC-trials over the five second period. Peak 
values from each muscle during the MVC-trials were used 
for normalization of EMG data during the exercise trials. 

To compare the level of muscle activity between three 
dynamically different exercises the peak amplitude ob-
tained during the trial was chosen as primary output para-
meter. During the single-leg stance test, only the mid-10 
seconds of the 15 second trial were used to exclude postural 
adjustments at the beginning and to avoid muscle-fatigue 
at the end of the balance trial.31 For the single-leg squat 
the peak amplitude in the period from the beginning of 
the descending motion to the end of the ascending motion 
was obtained. During single-leg landing, the peak ampli-
tude recorded from 100 ms before landing to one second af-
ter landing was obtained. 

STATISTICAL METHODS 

Because this study used an exploratory design, no a priori 
sample size estimation was performed. 

Peak normalized EMG amplitudes for the four muscles 
and joint angles of the hip and knee joints were averaged 
across the three trials for each of the test conditions. A 
mixed-design ANOVA was applied for the data defining test 
modalities (single-leg stance, single-leg squat and single-
leg landing tests) and balance devices (floor, Airex and 
BOSU) as within-subjects random effects factors, and sex 
was defined as between-subjects fixed effects factor. The 
level of significance was set at p < 0.05, and partial Eta 
squared (η2) was used as effect size estimate. If significant 
differences were found in muscle activation levels across 
exercises and/or levels of balance stability, a Bonferroni ad-
justed post-hoc analysis of differences between each con-
dition was performed. The statistical analyses were per-
formed in SPSS version 22.0.0. 

RESULTS 
KINEMATIC DATA 

Knee flexion and hip flexion at initiation of the exercise 
varied significantly between the different exercises showing 
a larger degree of flexion with increased dynamic intensity 
of the task (knee: F(2,36)=12.39, p<0.001, η2=0.41; hip: 
F(2,36)=111.60, p<0.001, η2=0.86). Likewise, the maximal 
knee and hip flexion angle were affected by the specific ex-
ercise performed (knee: F(2,36)=577.71, p<0.001, η2=0.97; 
hip: F(2,36)=228.62, p<0.001, η2=0.93) showing a larger de-
gree of flexion during the single-leg squat exercise com-

pared to both single-leg standing (knee: p<0.001, η2=0.98; 
hip: p<0.001, η2=0.95) and single-leg landing (knee: hip: 
p<0.001, η2=0.96; hip: p<0.001, η2=0.72). 

The choice of balance device also significantly affected 
kinematics. The knee and hip flexion at initiation of the 
task increased with the increased postural challenge in-
duced by the balance device with the floor offering the 
least challenge and the BOSU inducing the most postural 
challenge (knee: F(2,36)=52.22, p<0.001, η2=0.74; hip: 
F(2,36)=37.40, p<0.001, η2=0.68). The maximal knee flexion 
was not affected by the choice of balance device, but the 
maximal hip flexion increased with increased postural chal-
lenge (knee: F(2,36)=4.48, p=0.018, η2=0.20; hip: 
F(2,36)=11.38, p<0.001, η2=0.39). 

Overall, female subjects displayed across all tests less 
maximal joint angle flexion compared with male subjects 
(Table 1) and a tendency to have less flexion at the initia-
tion of the exercise. However, no significant difference be-
tween sexes was found in the change in kinematics with be-
tween balance devices or between exercises (p>0.05 for all 
kinematic parameters). 

MUSCLE ACTIVITY - BETWEEN EXERCISES 

In general, the hamstring activity increased significantly 
with each level of test modality, from very low peak activity 
during single-leg stance to medium activity during single-
leg squat (ST: F(1,18)=14.106, p<0.001, η2=0.44; BF: 
F(1,18)=34.108, p<0.001, η2=0.66), and from medium activ-
ity during single-leg squat to highest activity during single-
leg landing activities (ST: F(1,18)=64.040, p<0.001, η2=0.78; 
BF: F(1,18)=42.744, p<0.001, η2=0.70) (Figures 1 and 2, and 
Tables 2-3). 

The quadriceps activity was very low during the single-
leg stance exercises, but increased four-fold during the sin-
gle-leg squat (VM: F(1,18)=83.103, p<0.001, η2=0.82; VL: 
F(1,18)=151.515, p<0.001, η2=0.89). No difference in activ-
ity levels of either VM or VL was seen when performing 
single-leg landing exercises compared to single-leg squat 
(F(1,18)< 2.8) (Tables 4 and 5). 

MUSCLE ACTIVITY - BETWEEN BALANCE DEVICES 

When comparing the different balance devices across ex-
ercise modalities, the BOSU induced significantly higher 
hamstring activity levels than the Airex (ST: F(1,18)=24.216 
, p<0.001, η2=0.57; BF: F(1,18)=25.245, p<0.001, η2=0.58). 
No difference in hamstring activity was found between ex-
ercises on the floor and on an Airex (F(1,18)<0.5) (see tables 
2-3). Also for the two quadriceps vastii, there was no dif-
ference between exercises on the floor and on the Airex 
(F(1,18)<1.9), but the VL-activity increased significantly 
when exercising on the BOSU (F(1,18)=6.993,p=0.016, 
η2=0.28). The increase in activity of VM from Airex to BOSU 
was minor and non-significant (F(1,18)=3.828, p=0.066, 
η2=0.18) (Tables 4 and 5). 
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Table 1. Gender differences in knee and hip flexion angles across all test modalities.             

Male 
(n=11) 

Female 
(n=9) difference p-value 95% CI η2 

KF ini (°) 17.1 12.3 4.8 0.06 (-0.1-9.7) 0.19 

KF max (°) 44.7 39.8 4.9 0.03 (0.7-9.2) 0.25 

HF ini (°) 29.4 24.1 5.3 0.1 (-1.2-11.8) 0.14 

HF max (°) 55.2 46.0 9.2 0.004 (3.2-15.2) 0.37 

Based on post-hoc independent pairwise comparison among the estimated marginal means. KF and HF indicates knee flexion and hip flexion respectively. Ini indicates mean values recorded at 
initial contact and max as the mean maximal angle recorded during the test modalities. 

Figure 1. Knee joint angles and raw, rectified muscular activation levels of the semitendinosus from a               
representative subject during the three types of exercises; SLS (top two graphs), SLSq (middle two graphs) and                  
SLL (lower two graphs) using a BOSU balance device.          
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Table 2. Semitendinosus normalized mean peak activation level.       

ST Floor (SD) Airex (SD) BOSU (SD) ANOVA Post Hoc 

SLS 13% (16%) 12% (11%) 23% (17%) p<0.001 BOSU>Air,Fl 

SLSq 21% (12%) 23% (14%) 27% (13%) p<0.001 BOSU>Air,Fl 

SLL 47% (27%) 48% (25%) 52% (29%) p=0.3 no difference 

SLS vs SLSq p=0.013 p=0.003 p=0.337 

SLS vs SLL p<0.001 p<0.001 p<0.001 

SLSq vs SLL p<0.001 p<0.001 p<0.001 

Abbreviations. ST: semitendinosus; SLS: single-legged stance; SLSq: single-legged squat; SLL: single-legged landing; Air: Airex; Fl: floor 

Table 3. Biceps femoris normalized mean peak activation level        

BF Floor (SD) Airex (SD) BOSU (SD) ANOVA Post Hoc 

SLS 12% (14%) 15% (9%) 29% (18%) p<0.001 BOSU>Air,Fl 

SLSq 27% (12%) 28% (14%) 35% (14%) p<0.001 BOSU>Air,Fl 

SLL 45% (17%) 44% (14%) 45% (16%) p=0.675 no difference 

SLS vs SLSq p<0.001 p<0.001 p=0.131 

SLS vs SLL p<0.001 p<0.001 p=0.011 

SLSq vs SLL p<0.001 p<0.001 p=0.021 

Abbreviations. ST: semitendinosus; SLS: single-legged stance; SLSq: single-legged squat; SLL: single-legged landing; Air: Airex; Fl: floor 

Table 4. Vastus medialis normalized mean peak activation level        

VM Floor (SD) Airex (SD) BOSU (SD) ANOVA Post Hoc 

SLS 17% (15%) 21% (12%) 34% (20%) p<0.001 BOSU>Air,Fl 

SLSq 100% (41%) 102% (44%) 107% (46%) p=0.337 no difference 

SLL 127% (50%) 123% (69%) 116% (64%) p=0.469 no difference 

SLS vs SLSq p<0.001 p<0.001 p<0.001 

SLS vs SLL p<0.001 p<0.001 p<0.001 

SLSq vs SLL p=0.028 p=0.186 p=0.479 

Abbreviations. ST: semitendinosus; SLS: single-legged stance; SLSq: single-legged squat; SLL: single-legged landing; Air: Airex; Fl: floor 

Table 5. Vastus lateralis normalized mean peak activation level        

VL Floor (SD) Airex (SD) BOSU (SD) ANOVA Post Hoc 

SLS 18% (12%) 21% (11%) 31% (16%) p<0.001 BOSU>Air,Fl 

SLSq 109% (39%) 109% (36%) 114% (38%) p=0.541 no difference 

SLL 100% (30%) 105% (42%) 103% (36%) p=0.727 no difference 

SLS vs SLSq p<0.001 p<0.001 p<0.001 

SLS vs SLL p<0.001 p<0.001 p<0.001 

SLSq vs SLL p=0.398 p=1.00 p=0.307 

Abbreviations. ST: semitendinosus; SLS: single-legged stance; SLSq: single-legged squat; SLL: single-legged landing; Air: Airex; Fl: floor 

MUSCLE ACTIVITY - BETWEEN SEXES 

No overall differences in muscle activity across all test 
modalities and devices were found between sexes, however 
when including sex as a between-subjects effect, small but 
significant differences in activity level changes from single-
leg squat to single-leg landing were observed for the medial 
hamstring. The increase in ST activity across all devices 

when changing from single-leg squat to single-leg landing 
was larger for the female participants than for the males 
reaching a higher level of activity (F(1,18)=4.335, p=0.038, 
η2=0.19) (Figure 2). This sex-specific increase in activity 
was most apparent for exercises on the BOSU (Figure 2). No 
changes were observed for the other muscles as an effect of 
sex. 
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Figure 2. Normalized mean activity levels of semitendinosus (ST) depending on test category (x-axis) and sex and                
balance device   
Black filled symbols: male subjects; Grey open symbols: female subjects, diamonds denote exercises on floor, squares denote exercises on Airex mattress and circles denote exercises 
on BOSU. Error bars denote ±standard error. 

DISCUSSION 

The main results of the present study were that the more 
challenging, i.e. unstable, the balance devices were, the 
higher the hamstring muscle activity levels, with a clear 
progression from standing balance exercises to standing 
dynamic exercises to dynamic landing exercises. Thus, dy-
namic exercises on an unstable surface are superior to sta-
tic exercises in terms of increased hamstring activation. In-
terestingly, the data furthermore indicate that this increase 
in hamstring activation is especially pronounced in female 
athletes when progressing from single-leg squat to single-
leg landing exercises (Figure 2). 

As mentioned earlier, a high level of muscle activity 
around the knee joint, including high activity of especially 
the medial hamstrings, seems important for prevention of 
ACL injuries.12,13,18–21 Therefore, specific attention was 
given to how different exercises with three levels of pro-
gression would affect hamstring activation levels. 

The present data show little activity in any of the ex-
amined muscles during the single-leg stance exercise. This 
corresponds to other studies also showing low levels of ac-
tivity in the thigh muscles during standing balance exer-
cises.32,33 Considering the lack of loaded movement around 
the hip and knee joint this may not be surprising, however 
increasing the demand on postural control may also induce 
an increase in the degrees of hip and knee flexion signifi-
cantly for the most challenging device, i.e. the BOSU as a 
compensation for the reduced ability of the ankle to con-
trol postural stability. These changes in the need for sta-
bilisation and slight increase in hip and knee joint flexion 

increase the external moment, and as such place more de-
mand on force production in the knee and hip extensors, 
thereby explaining the small, yet significantly increased 
levels of muscle activation in the hamstrings and quadri-
ceps during single-leg stance on the BOSU. Furthermore, 
no difference in thigh muscle activation was observed dur-
ing standing balance, between the firm floor surface and 
the less stable Airex. It should be noted that the present 
study was conducted with healthy subjects and that stand-
ing on an Airex may possibly be more challenging and in-
duce greater muscle activation with subjects in the early 
phase of rehabilitation after an ACL injury. 

Performance of single-legged squats are extensively in-
vestigated as an exercise for knee injury prevention or re-
habilitation exercise.32,34–39 The present data corroborate 
previous studies in showing highly increased levels of 
quadriceps activity for all balance devices, compared to sin-
gle-leg stance, but a more moderate increase in mean peak 
hamstring activity. Although the increase in hamstring ac-
tivity relative to single-leg stance was significant for the 
Airex and the floor, single-leg squat on BOSU still required 
larger levels of hamstring activation compared to the less 
demanding devices. None of the tested devices, however, 
produced hamstring activation above 40% during single-leg 
squat. This emphasises, as also shown by other studies, that 
the single-leg squat may not be optimal if the purpose is to 
induce high levels of hamstring activation in co-contraction 
with quadriceps activation.32,35,39 This may be an impor-
tant consideration when designing prevention programs or 
rehabilitation programs after ACL-reconstruction. In con-
trast, during the dynamic landing exercises much higher 
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levels of activity in both hamstring and knee extensor mus-
cles were present around the time of initial contact, re-
gardless of the type of landing surface. No studies have 
compared the activity levels of dynamic landings to stand-
ing balance exercises, but studies on landing show peak 
values of knee muscle activity very similar to the present 
study.40–42 Although muscular activity levels above 40-60% 
are considered necessary for inducing strength gain,43 the 
high activation levels of the hamstrings during dynamic 
single-leg landing exercises may not be in increasing ham-
string strength, due to the short duration of the activity 
bursts. However, optimizing the neuromuscular coordina-
tion in terms of increasing medial hamstring activation 
during injury risk situations, like side-cutting, has also 
been shown to be important.12,13 Studies on motor learning 
have shown that a consistent perturbation of the muscle 
synergies involved in an existing motor program, e.g. the 
motor program used during landing, may be the fastest 
way to make consistent changes in a motor program.44 

It is therefore likely that the increased hamstring activity 
observed in the single-leg landing exercises may indicate 
that single-leg landing is more efficient in altering the mo-
tor programs during landing or cutting movements and as 
such suggest that dynamic landing exercises may be more 
suitable for injury prevention programs and probably also 
late phase rehabilitation after ACL-reconstruction. The im-
portance of dynamic exercises for improving joint control 
is also highlighted in a review of effectiveness of ankle 
stability exercises, which concluded that dynamic landing 
exercises were particular beneficial for increasing the an-
ticipatory adjustments stabilising the ankle joint.45 And 
also, addressing knee joint stability, a recent meta-analysis 
showing that prevention programs consisting of balance ex-
ercises alone were less successful in ACL injury prevention 
compared to programs consisting of a variety of dynamic 
exercises, and this effect may be partly due to a more effec-
tive alteration of hamstring activation after dynamic exer-
cises.46 The results of the present study also showed that 
the dynamic landing exercises investigated increased the 
medial hamstring activation more in female subjects than 
male subjects, indicating that such exercises might be even 
more beneficial for female athletes (Figure 2). The results 
further suggest that exercises on the BOSU device may po-
tentially be most effective. 

When designing injury prevention or rehabilitation pro-
grams, different training devices designed to challenge a 
subject’s balance may be selected. Information about the 

effect of the different devices may be very useful to guide 
an optimal training progression, and the results of the pre-
sent study may offer such guidance. Some care should be 
taken in the interpretation of the results, as the number of 
subjects was low. Furthermore, subjects in this study were 
healthy persons without previous injuries affecting their 
performance, and some of the tests may be too challeng-
ing early in ACL rehabilitation. Also, when designing injury 
prevention programs, these results may help in selecting 
exercises, however the subjects were a randomly selected 
group of physically active young, adult subjects, and the 
neuromuscular response to the selected exercises may be 
different in other populations e.g. highly trained athletes 
or adolescent subjects. In addition, the implementation of 
these results may be a challenge in some sports, as the in-
stable surfaces may be less accessible in outdoor settings. 
Given these limitations, the results of the present study in-
dicate how increasing the instability with balance devices 
and increasing the dynamics of the exercise may influence 
the neuromuscular control of the knee joint in young, phys-
ically active men and women. 

CONCLUSION 

In this explorative trial in healthy, physically active male 
and female subjects, the neuromuscular activity of the 
quadriceps and hamstrings increased when the motor task 
became more dynamic. Specifically jump landings were ef-
fective in increasing the hamstring muscle activity. Also in-
creasing the instability introduced by the balance device 
increased muscle activity, however only when progressing 
from the Airex to the BOSU. The data also indicated that 
female subjects increase hamstring muscle activation more 
than males when using the most unstable balance device. 
This information may be useful when selecting exercises for 
knee injury prevention or rehabilitation. 
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Background  
Regular employment of three-dimensional (3D) motion analyses to assess and monitor 
knee valgus moments; a contributor to non-contact anterior cruciate ligament (ACL) 
injury; during unplanned sidestep cutting (USC) is costly and time-consuming. An 
alternative quick-to-administer assessment tool to infer an athlete’s risk for this injury 
could allow prompt and targeted interventions to mitigate this risk. 

Purpose  
This study investigated whether peak knee valgus moments (KVM) during 
weight-acceptance phase of an unplanned sidestep cut were correlated with composite 
and component scores of the Functional Movement Screen (FMS™). 

Study Design   
Cross-sectional, Correlation 

Methods  
Thirteen female national-level netballers performed six movements of the FMS™ 
protocol and three trials of USC. A 3D motion analysis system captured lower limb 
kinetics and kinematics of each participant’s non-dominant leg during USC. Averages of 
peak KVM across USC trials were calculated and examined for correlations with 
composite and component scores of the FMS™. 

Results  
No correlations were found between FMS™ composite or any of its component scores 
with peak KVM during USC. 

Conclusions  
The current FMS™ did not show any correlations with peak KVM during USC on the 
non-dominant leg. This suggests that the FMS™ has limited utility in screening for 
non-contact ACL injury risks during USC. 

Level of Evidence    
3 
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INTRODUCTION 

Non-contact anterior cruciate ligament (ACL) injuries make 
up 70% of all ACL injuries,1 with rapid deceleration, single-
leg landing and sidestep-cutting movements being the 
main contributors.1,2 Females who display poor neuromus-
cular control of the lower body when performing these 
high-risk movements resulting in high knee valgus and 
knee internal rotation moments that could strain the ACL 
are 4-6 times more susceptible to ACL injury than males.3 

While several factors combined may incite an ACL injury,4 

high knee valgus moments (KVM) during unplanned side-
step-cutting (USC) can rupture the ACL.3,5 KVM was re-
ported to predict ACL injuries with 73% specificity, 78% 
sensitivity and an r2 of 0.88.3 Video-based studies have 
also reported that most ACL ruptures occur during initial 
foot contact during the weight-acceptance phase of USC 
when the knee goes into valgus.6–9 USC reportedly results 
in larger peak frontal knee moments in comparison to a sin-
gle-leg landing.10 

Netball, a team ball-sport with high female participation 
rates and over 20 million participants globally, involves 
multiple repetitions of single-leg landing and USC and ac-
counts for many non-contact ACL injuries.11,12 Not only is 
recovery from ACL injury costly, full return to sport post-
ACL reconstruction can take up to twelve months.13,14 

Knee injuries were reported to be the most disabling injury 
in netball.15 The identification of non-contact ACL injury 
risk through periodic screening is therefore crucial. 
The current gold standard for assessing knee moments 

during sporting maneuvers involves the use of three-di-
mensional (3D) motion analysis systems that are costly, 
time-consuming to operate and often inaccessible to the 
masses. Consequently, simple-to-administer screening 
tools are increasingly sought after to replace these sophisti-
cated laboratory-based tests that can be used to infer sport-
ing performance and injury risk. Examples of which include 
the Landing Error Scoring System and Tuck Jump Assess-
ment that have been used to quickly recognize injurious 
postures such as knee flexion and valgus angles during dou-
ble-legged landing that may injure the ACL.16,17 Relating to 
sport-specific maneuvers such as sidestep-cutting and sin-
gle-leg landing, where unilateral balance, lateral hip and 
trunk control, and proper alignment of the lower extrem-
ity all contribute to ACL strain,5–7,18,19 a screening tool 
assessing these elements may be more relevant. An ex-
ample of this includes the quick and simple-to-adminis-
ter Y-Balance Test, which is performed unilaterally, repli-
cating the stance after a single-leg landing. Correlations 
were found between the posteromedial and anterior reach 
distances with knee flexor and internal rotation moments, 
respectively, during single-legged jump-landing, and was 
suggested to be a useful screening tool for inferring knee 
moments contributing to non-contact ACL injury risk.20 No 
correlations between the Y-Balance Test and KVM during 
USC were found. Another screening tool, the Functional 
Movement Screen (FMS™),21,22 did however show potential 
to illuminate non-contact ACL injury risks.21,22 

The FMS™ assesses seven fundamental movement pat-
terns that require mobility and stability of the body and 
limbs.20,21 These seven movements include the 1) Deep 
squat (DS) 2) Hurdle step (HS) 3) In-line lunge (IL) 4) Active 
straight leg raise (ASLR) 5) Trunk push-up (TP) 6) Rotary 
stability (RS) and 7) Shoulder mobility. Each movement in 
the FMS™ is rated by an assessor from 0 to 3 based on 
their ability to perform the movements without compen-
satory actions.23,24 A composite score of 14 and below out 
of the maximum 21 has been associated with high injury 
risk,25–29 but has also been reported by some studies to be 
limited in predicting injury.29–32 Notably, when the shoul-
der mobility test is removed from the seven movements, a 
stronger correlation was shown to exist between the scores 
of the other six movements and lower extremity injury.26 

While the majority of studies assessed lower extremity 
injury incidences post-testing, two were able to link the 
FMS™ scores to injury mechanism. In one study, it was re-
ported that higher composite scorers displayed less spine 
and frontal plane knee movement during performance of 
the FMS™ than lower scorers22; both contributing factors 
to high KVM during the sidestep cut. In another study, clin-
ical measures used to identify knee abduction(valgus) mo-
ment probability during a drop jump landing, albeit a proxy 
measure of actual KVM, found an increased risk for non-
contact ACL and lower extremity injuries when FMS™ com-
posite scores were lower than 14.21 Could the FMS™ scores 
also be used to identify participants who demonstrate high 
KVM during the sport-specific maneuver of USC and by 
means of inference indicate risk of non-contact ACL injury? 
The purpose of this study was to investigate whether ex-

ternally applied peak KVM during weight-acceptance phase 
of USC were correlated with the composite and component 
scores of the FMS™. The presence of correlations may pre-
sent a screening tool that can be used to infer KVM, a con-
tributor to non-contact ACL injury, during USC in netball. 

METHODS 
PARTICIPANTS 

Fifteen well-trained female netballers (age: 24.6 ± 2.5 y; 
height: 1.75 ± 0.1 m; mass: 63.2 ± 7.4 kg) from the Sin-
gapore National Open’s team participated in the study. A 
minimum of eleven participants were required for this 
study, according to G*power analysis (v3.1.9.2, Heinrich-
Heine University, Düsseldorf, Germany), to detect a Pear-
son’s correlation coefficient of r = 0.75 (β = 0.80, α = 0.05, 
two-tailed). This effect size of r = 0.75 was set based on 
correlations found in a study by Chorba and colleagues 
(2010).26 All participants had no pre-existing lower limb in-
jury and were proficient in performing USC on either leg. 
Participants were briefed that they would perform both the 
USC and FMS™ with the order randomized to eliminate se-
quencing effects. In addition, participants were asked to in-
dicate if they were menstruating at the time of testing as it 
can affect ligament laxity.33 All procedures and forms were 
approved by the Singapore Sport Institute Institutional Re-
view Board, and all participants provided their informed 
written consent before data was collected. 
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Figure 1. Unplanned Sidestep-Cutting (USC)    

INSTRUMENTATION & PROCEDURES 

Participants performed bilateral USC (Figure 1) at a cut an-
gle of 45o ± 10o toward the left or right by reacting to an 
arrow presented on a screen in front of them.34 The arrow 
direction sequence was randomized but counterbalanced 
in order to minimize anticipation, bias or sequencing ef-
fects. Participants were required to perform this task with 
an approach speed of 4.5 ± 0.5 m/s that was monitored by 
two pairs of customized timing gates, and react immedi-
ately with a sidestep cut in the direction of the arrow dis-
played on a screen upon passing through the second pair 
of gates. The 45º ± 10º cut angle was ensured by requir-
ing participants to pivot on the force plate and then run 
through either pair of cones placed 45º to the left and right 
from the middle of the force plate. To avoid force plate tar-
geting, participants were instructed to focus on the screen 
ahead of them during the approach run. Further, a cone 
was placed in a participant-specific position to demarcate 
the starting location of each participant, determined dur-
ing familiarization, so that running with their natural ca-
dence resulted in foot contact on the force plate. Eight fa-
miliarization trials were provided for USC.5 For the actual 
test, a trial was deemed successful when 1) the participant’s 
entire foot landed completely within the designated force 
plate and 2) the participant ran through the correct pair of 
cones after performing USC. Demonstration and familiar-
ization were done prior to testing. Unfortunately, due to lo-
gistical reasons and the positioning of the force plate, only 
data from USC to the right side (i.e., left foot ground con-
tact) could be obtained and analyzed. A total of three suc-
cessful trials were required from each participant on their 
left leg. The prior decision was made to assess the left leg, 
between the two, as it was the non-dominant leg for ma-
jority (13 out of 15) of the participants. Females have been 
reported to suffer from non-contact ACL injuries more fre-
quently on their non-dominant leg.35,36 Participants ver-
bally indicated which leg they would perform a single-leg 
jump push-off with. This leg was determined as the partic-
ipants’ dominant leg while the other leg was determined as 
their non-dominant leg. Consequently, data of only 13 out 
of 15 participants’, whose left legs were their non-dominant 
legs, were presented and discussed. 

Three-dimensional body kinematics during the USC 
were captured using twelve 3D opto-reflective motion cap-
ture cameras (Vicon Industries Inc., Edgewood, NY, USA) at 
a sampling rate of 250 Hz. A single 0.6 m by 0.9 m Kistler 
force plate (Kistler 9287CA Piezoelectric, Winterthur, 
Switzerland) captured ground reaction forces synchro-
nously at 1000 Hz. Thirty-two retro-reflective markers, fol-
lowing the University of Western Australia (UWA) Lower 
Limb Model and Marker Set, were affixed to selected 
anatomical landmarks on each participant to facilitate 3D 
motion analysis.37 Detailed description of data collection 
with this marker set set-up and calibration can be found 
from previous research by Besier and colleagues.37 

Captured kinematic and kinetic data were analyzed in 
Vicon Nexus (version 2.3, Oxford Metric Group, Oxford, 
UK). Knee moments were calculated, through inverse dy-
namics, during the weight-acceptance phase of the USC 
where the peak of KVM occurred, and when the ACL load is 
high.9 Output moments calculated were externally applied 
and indicated as “+” for valgus and “-” for varus. Marker 
trajectories and force plate data were filtered with a low-
pass (4th order, zero-lag) Butterworth digital filter at a cut-
off frequency of 20 Hz after residual analysis and visual 
inspection of the data.38 Final KVM value for each partic-
ipant was presented as the mean of peaks from three suc-
cessful trials and normalized to their respective heights and 
masses. 
Participants performed the six movements (Figure 2), 1) 

Deep squat (DS) 2) Hurdle step (HS) 3) In-line lunge (IL) 
4) Rotary stability (RS), 5) Active straight leg raise (ASLR), 
6) Trunk push-up (TP), of the FMS™ in a randomized se-
quence, with the shoulder mobility test removed. Demon-
stration was provided prior to each movement test accord-
ing to the standardized procedures and verbal instructions 
described by Cook and colleagues.23,24 Two familiarization 
trials; necessary in order to eliminate any possible learning 
effects39; and three test trials per side were required for 
each movement. An adapted half-point scoring from 0 to 
3, in 0.5 increments, was adopted as the original whole-
number scoring had been critiqued to be of low sensitivity 
where a score of 2 can be achieved in multiple ways.22 Zero 
point was awarded for participants who experienced any 
pain while performing any of the movements, and 3 points 
was awarded for participants who could perform the move-
ments in accordance to the FMS™ guide.23,24 For move-
ments that were performed bilaterally, the scores on the left 
side were used as only the left KVM, during sidestep cut-
ting to the right, were recorded. Composite scores were ob-
tained by summing the six movement scores, providing a 
maximum of 18 points. Both appraisers of the FMS™ were 
trained through a minimum of three weeks of pilot test-
ing and were familiar with the half-point scoring criteria for 
each movement prior to data collection for the research. 
All statistical analyses were done using SPSS (IBM Corp., 

SPSS Version 22.0, Armonk, NY, USA) with significance 
level set at p ≤ 0.05. Intra-class correlation coefficients 
(ICC) (model 2,1) were used to establish interrater and in-
trarater reliability for the FMS™ composite. Both raters 
appraised the three participants performing the six move-
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Figure 2. Tested Movements of Functional Movement Screen (FMS™)        

ments of the FMS, that was recorded on video, and repeated 
this appraisal of the same videos on another separate oc-
casion. Each rater’s score on both occasions were used to 
assess the intrarater reliability, while both their scores for 
the second round of appraisal were compared to assess in-
terrater reliability. Cohen’s Kappa (κ) was used to deter-
mine the interrater reliability of the component (individual 
movements) scores.25 Kendall’s tau-b (τb) was used to as-
sess the associations between normalized peak KVM with 
FMS™ composite score and its six component scores; this 
statistical analysis was chosen due to the small sample size 
and its ability to compare between continuous and ordinal 
data (i.e. KVM and FMS™ component scores).40 Means ± 
standard deviations (SD) are also presented for each vari-
able. All variables were tested for outliers. 

RESULTS 

ICC displayed good to excellent intra- and inter-rater relia-
bility with single measures ranging from 0.62 to 0.84 at 95% 
confidence interval, for the FMS™.41 Cohen’s κ displayed a 
moderate agreement between both raters, κ = 0.50 (95% CI, 
0.31 to 0.68), p < 0.01.42 Table 1 details the mean ± SD of 
KVM and FMS™ composite score, τb and significance level 
for the various FMS™ scores and peak KVM during USC. 
Figure 3 displays the frequency of scores for each move-
ment. No significant correlations were found between peak 
KVM and any of the seven scores (0.09 < p < 0.95) (Table 1). 

DISCUSSION 

The present study examined the correlation between FMS™ 
scores and peak KVM during USC in well-trained female 
netballers. The USC tasks were performed on the left leg, 
corresponding to the non-dominant legs of all participants. 
While past studies have reported on the FMS™’ ability to 
predict generic musculoskeletal injury predisposition ret-
rospectively,26–28,43 the current study attempted to iden-
tify the relationship between FMS™ scores and peak KVM, 
a contributor to non-contact ACL injury, during USC, to as-
sess the FMS™ diagnostic utility.30 Neither the composite 
nor component scores of the FMS™ showed any significant 
correlations with peak KVM. 
To understand why the FMS™ composite score may be 

able to predict lower extremity injuries in general but has 
thus far not been able to predict specific injuries, the nature 
and type of movements tested in the FMS™ need to be 
examined. The FMS™ requires individuals to perform a 
series of movements that are meant to illuminate issues 
with stability, mobility and motor control dysfunction.23 

However, the FMS™ is limited in its utility to predict spe-
cific sporting injury risks as many athletic movements en-
compass elements such as power, endurance, and change 
of direction; elements that differ considerably in nature 
from the movements tested in the FMS™.23,24,44 Several 
authors have, however, reported correlations between the 
composite scores and lower extremity injury risks.25–29 Af-
terall, the FMS™ component movements test elements of 
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Table 1. Descriptive Statistics and Correlations of FMS™ Composite and Component Scores with Knee Valgus              
Moments of the Left Leg      

n = 13 Variable Mean ± SD τb p-value 

Knee Moments Valgus (N/kg) 0.48 ± 0.31 - - 

FMS™ Score Composite 14.04 ± 1.42 0.01 0.95 

Deep Squat - 0.03 0.90 

Hurdle Step - 0.39 0.09 

In-line Lunge - 0.02 0.95 

Active Straight Leg Raise 0.17 0.47 

Trunk Pushup 0.13 0.56 

Rotary Stability 0.10 0.66 

Figure 3. Frequency of Functional Movement Screen component scores (n = 13)           

strength, posture and movement capacities that are related 
to performance of the lower limb. For example, core 
strength affects lumbo-pelvic stability, which in turn has a 
cascading effect on alignment, structural loading, and in-
jury implications of more distal lower limb segments and 
joints. This is assessed through the TP and RS move-
ments.23,45 Postural stability, an indication of neuromus-
cular control and contributor to intersegmental joint forces 
that can strain the lower extremity soft tissue structures, 
is assessed through the HS and IL.23,46 The lack of hip, 
knee and ankle range of motion and strength, associated 
with dysfunctional lower limb biomechanics during sport-
ing movements and increased injury risk, are assessed by 
the DS, ASLR, HS and IL.23,24,46–48 As a result, when as-
sessing an individual’s ability to perform these various 
tasks using a composite score, it represents the cumulative 
propensity for which this individual may be subjected to 
any or all of the abovementioned risks linked to lower ex-
tremity injuries. 

Considering the abovementioned, the past authors that 
found correlations between FMS™ composite scores and 
lower extremity injury rates assessed injury incidences ret-
rospectively, over a period after the FMS™ was per-
formed.26–28,43 One reason for the correlations found could 
be that overuse injuries arise from poor movement patterns 
that are repeatedly performed.23 In which case, it is possi-
ble that the poor scores on the FMS™ may associate with 
eventual injury incidences when these compensatory move-
ment patterns are repeated over time. Another reason could 
simply be due to an increased exposure to confounding ef-
fects in the period between the conducting of FMS™ test 
and time of injury occurrence.30 

In the current study, the FMS™ was investigated specif-
ically for its correlations with peak KVM during USC. With 
the above explanation regarding the composite score and 
its higher sensitivity but lower specificity, component 
scores were also assessed in order to investigate if specific 
FMS™ movements showed correlations with peak KVM. 
Amongst the six movements tested, the HS was the most 
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replicable in its posture to that of USC; unsurprisingly, it 
was also the only component test that showed correlation 
that approached statistical significance (τb = - 0.39, p = 
0.09). Both are performed with an upright single-leg stance 
where emphasis is on trunk and pelvic stability to maintain 
dynamic stability, with proper lower extremity alignment 
while lifting the opposite leg.23 Despite the similarities in 
posture, neither the HS, nor any other movements dis-
played significant correlations. 
What may be lacking in the FMS™ movements compared 

with movements in a sport-specific context are the condi-
tions in which these postures are executed. In unplanned 
scenarios such as USC, the knee can be loaded up to twice 
that of planned scenarios.49 This raises the utility of the 
planned FMS™ movements in assessing injury risk during 
unplanned scenarios. Boey and Lee echoed this supposition 
when they found correlations between reach distances in 
the planned Y-Balance Test with knee moments during a 
planned forward single-leg jump-landing task but not with 
an USC.20 Additionally, other instances when high KVM 
were recorded during single-leg stance, participants had ei-
ther landed from a lateral or diagonal jump50 and/or in the 
presence of perturbations,51 and/or landed with high ve-
locities such as a running take-off landing.52 It is there-
fore important that the movement tasks within the selected 
screening tests encompass some of these aforementioned 
conditions in order to make it more specific for assessing 
non-contact ACL injuries. Tran et al. suggested the Landing 
Error Scoring System to be a better predictor of ACL injury 
than the FMS™ due to its faster and higher-impact move-
ments; elements present during ACL injury occurrences; 
assessed compared to the slower controlled movements of 
the FMS™.53 Alternatively, advanced methods utilizing 
two-dimensional video to reliably predict 3D knee mo-
ments during unplanned sidestepping could be considered 
most specific in identifying injury risk as the movement 
assessed is that performed during the sport and can com-
prise the sport-specific conditions such as an unplanned 
scenario.54 It is postulated that in order for a screening test 
to be specific to non-contact ACL injury risk during USC, 
one or more of the following conditions in the movement 
task assessed needs to be included: 1) performed in single-
leg stance, 2) replicate a similar motor pattern, 3) executed 
in an unplanned scenario, 4) include a weight-absorption 
phase, 5) approached from high velocity, and 6) movement 
in a lateral or diagonal direction. 
Unlike a typical exploratory study assessing correlation 

between a screening test and subsequent injury occurrence, 
this study investigated if there was a correlation between 
the FMS™ scores and peak KVM during USC in the lab with 
the aim of preventing the onset of injury in the first place. 
Unfortunately, the six-movement version of the FMS™ pro-
tocol did not show any such relationships. To identify non-

contact ACL injury risk during specific sporting maneuvers, 
the FMS™ movements may need to be modified or supple-
mented to account for the maneuver-specific mechanisms 
and conditions under which they are performed. 

LIMITATIONS 

Firstly, the sample size of 15 in this study is small despite 
our power analysis reporting that 11 was enough to yield 
a power of 0.8. Secondly, due to logistical reasons, only 
the left leg; the non-dominant leg for majority of the par-
ticipants; reflected as USC towards the right, could be as-
sessed. The relationship between FMS™ scores and peak 
KVM on the dominant leg during USC should also be ex-
plored to expand the current findings. 

FUTURE RESEARCH 

Future research utilizing the FMS™ should consider sup-
plementing it with additional tests to accurately assess dy-
namic movements. In addition, exploration of the knee 
flexor and internal rotation moments, that can also con-
tribute to strain of the ACL, during the USC with FMS™ 
scores may provide new insights on its utility. Finally, a 
larger sample size comprising athletes from more variety 
of team sports would better confirm any results and allow 
generalizability to participants of team sports. 

CONCLUSIONS 

The results of this study indicate that there are no signifi-
cant correlations between six-movement FMS™ scores and 
peak KVM during USC. The FMS™ as used in past studies 
may be able to identify generic risk of lower extremity in-
jury due to compensated mechanics which should be cor-
rected promptly before an injury eventually occurs. How-
ever, in order to screen for non-contact ACL injury risk 
during USC, movement tasks within the screening assess-
ment may need to be more similar in mechanism and con-
ditions to that of the maneuver that puts an individual at 
risk of that injury. 
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Background  
Significant effort has gone into the identification and quantification of the underlying 
mechanisms of primary ACL injury. Secondary ACL injury is observed in approximately 
1/4 to 1/3 of athletes who return to sport following ACL reconstruction. However, little 
has been done to evaluate the mechanisms and playing circumstances surrounding these 
repeat injuries. 

Hypothesis/Purpose  
The purpose of this study was to characterize the mechanisms of non-contact secondary 
ACL injuries using video analysis. It was hypothesized that in video recordings of 
secondary ACL injury, athletes would exhibit greater frontal plane hip and knee angles, 
but not greater hip and knee flexion, at 66 ms following initial contact (IC) as compared 
to at IC and 33ms following IC. 

Study Design   
Cross-Sectional Study 

Methods  
Twenty-six video recordings of competitive athletes experiencing secondary ACL ruptures 
via noncontact mechanisms were analyzed for lower extremity joint kinematics, playing 
situation, and player attention. Kinematics were assessed at IC as well as 33 ms (1 
broadcast frame) and 66 ms (2 broadcast frames) following IC. 

Results  
Knee flexion and knee frontal plane angles were greater at 66 ms than IC (p ≤ 0.03). Hip, 
trunk, and ankle frontal plane angles were not greater at 66 ms than IC (p ≥ 0.22). 
Injuries were distributed between attacking play (n=14) and defending (n=8). Player 
attention was most commonly focused on the ball (n=12) or an opponent (n=7). A 
single-leg landing accounted for just over half of the injuries (54%), while a cutting 
motion accounted for the remainder of the injuries (46%). 

Conclusion  
Secondary ACL injury was most likely to occur during landing or a sidestep cut with 
player attention external to their own body. Knee valgus collapse combined with limited 
hip motion was identified in the majority of secondary injuries. 
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Level of Evidence    
Level IIIb 

INTRODUCTION 

Anterior cruciate ligament (ACL) tears present a challeng-
ing injury for athletes to recover from and return to sport. 
While the mechanisms of primary injury have been well de-
fined,1 risk factors and mechanisms for contact and non-
contact secondary ACL injury continue to be investi-
gated.2,3 Risks for both primary and secondary ACL tears 
occur during sports that involve cutting, pivoting, and land-
ing maneuvers such as basketball, football, rugby, and soc-
cer.4–6 Although surgical treatment and rehabilitation pro-
tocols have improved over past few decades thanks to 
increased research investigation,7 only 63% of athletes, 
across levels of competition, have been reported to return 
to pre-injury sports participation level and only 44% re-
turned to competitive sport level following primary ACL re-
construction at a mean follow up of 41.5 months.8 More-
over, with the increasing rate of athletes who 
return-to-play (RTP) after primary ACL injury, the inci-
dence of secondary ACL injury has become a more promi-
nent topic of interest. Recent studies have reported rates of 
secondary ACL injury to be between 5-34% of athletes fol-
lowing RTP.9–11 

Secondary ACL injuries include both ACL graft ruptures 
and contralateral (uninjured) side ACL tears. Factors that 
have been identified that increase the risk of non-contact 
secondary ACL injury include age, sex, rehabilitation time 
after primary ACL injury, graft type, biomechanical deficits, 
lower limb kinematics and muscle strength.10,12 Regarding 
biomechanical deficits, prospective screening after ACL re-
construction revealed transverse plane hip kinematics and 
frontal plane knee kinematics during landing, sagittal plane 
knee moments at landing, and postural stability deficits 
predict secondary ACL injury (C statistic = .94) with excel-
lent sensitivity (0.92) and specificity (0.88).2,3 More specif-
ically, using the Biodex stability system, Capin et al. found 
an increase in total frontal plane (valgus) movement, 
greater asymmetry in internal knee extensor moment at 
initial contact, and a deficit in single-leg postural stability 
of the involved limb, to be predictive of secondary ACL in-
jury. In a separate investigation of gait mechanics after pri-
mary ACL injury, despite the absence of clinical or gait im-
pairments, athletes who returned to sport sooner were at 
a greater risk for secondary ACL injury.5 Although identi-
fication of functional joint biomechanics during an injury 
screening movement can provide important information for 
injury prevention and training, it may not be sufficient to 
identify athletes at risk for second injury due to biological 
considerations such as graft maturation, religamentization, 
and proprioceptive compensation.4,5 

In addition to the intrinsic factors and biomechanical 
mechanisms that contribute to an injury mechanism, player 
behaviors and the playing situation have also been reported 
to influence the overall injury mechanism and are impor-
tant factors to consider in a comprehensive model of injury 
causation.13 Previously, researchers have used publically 

available video footage of injury situations in collegiate 
and professional basketball games to identify factors such 
as kinematics, playing situation, and player behavior in-
volved in primary ACL injury mechanisms.14,15 Significant 
differences were observed in both frontal and sagittal plane 
kinematics between male and female athletes as measured 
from video captured during a play where ACL injury oc-
curred.14,15 In addition, analysis of the playing situation 
and playing behavior indicated that although 72% of the in-
juries were classified as non-contact, perturbations in the 
playing environment may have influenced the movement 
patterns leading to injury.14 However, similar quantifica-
tions of scenario and behavior have not been described for 
secondary ACL injury events. 
Publically available high quality video footage of sec-

ondary ACL injuries can similarly be evaluated for compre-
hensive secondary ACL injury mechanism analysis. There-
fore, purpose of this study was to characterize the 
mechanisms of non-contact secondary ACL injuries using 
video analysis. It was hypothesized that during secondary 
ACL videos athletes would exhibit greater frontal plane hip 
and knee angles, but not greater hip and knee flexion, at 66 
ms following IC than they would at IC and 33 ms following 
IC. 

MATERIALS AND METHODS 
DATA COLLECTION 

An exhaustive google search for news articles was com-
pleted using the search terms “ACL injury” AND “Basket-
ball” OR “Soccer” OR “Football” OR “Rugby” OR “AFL” AND 
“secondary” OR “second”. News articles were used to iden-
tify athletes who suffered secondary ACL injury. Videos 
of these injuries were then obtained by searching through 
publicly available records, highlights, news reports and 
game replays available from January 2010 through April 
2017. A total of 78 videos of non-contact secondary ACL 
injuries suffered by male and female collegiate and pro-
fessional athletes across various sports that incorporate 
jumping and cutting maneuvers were identified and 26 (10 
contralateral and 16 graft rupture) were included for analy-
sis (Table 1). From the initial search, 52 videos were ex-
cluded due to poor video quality in the frontal or sagittal 
planes at IC or thereafter. Poor video quality was deter-
mined by direct obstruction of the knee or hip during the 
targeted landing or change of direction event. Furthermore, 
as this investigation was targeted to non-contact secondary 
ACL ruptures, contact injuries that were incurred by a direct 
blow of force to the knee were excluded. 
Videos were analyzed in both the frontal and sagittal 

planes dependent on the camera angles available for each 
athlete. Out of 26 videos, six allowed for complete angle 
measurement of the hip and knee joints in both planes, 
eight were restricted to frontal plane analysis, and twelve 
were restricted to the sagittal plane. For trunk angles, six 
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Table 1. Injury breakdown by sport, country, and       
league.  

Video 
Numbers 

Sport Country League 

9 
American 
Football 

USA NFL 

1 
American 
Football 

USA College 

2 Basketball USA NBA 

3 Soccer Spain La Liga 

1 Rugby Australia NRL 

1 Baseball USA MLB 

9 
Australian 

Rules Football 
Australia AFL 

NFL= National Football League, NBA= National Basketball Association, MLB= Major 
League Baseball, NRL=National Rugby League, AFL= Australian Football League 

videos allowed for both frontal plane and sagittal plane 
measurements, eight were restricted to frontal plane only, 
and twelve were restricted to sagittal plane only. 

VIDEO ANALYSIS 

Videos obtained from the internet were recorded using 
Screencast-O-Matic (free version, Big Nerd Software, Seat-
tle, WA). Full screen recordings were made from broadcast 
footage and saved in MP4 format and imported to Kinovea 
(v0.8.15, Kinovea, France). Inter and intrarater reliability of 
the assessment of angular measurements was established 
with a subcohort from the total sample of this investiga-
tion. Twenty videos were randomly selected to comprise 
this cohort. Two investigators determined the initial con-
tact (IC) frame for the injured leg in each video and used 
this as the reference frame for analysis. Initial contact 
frame was selected as the instant where the athlete’s whole 
foot had come in contact with the ground. A second set of 
angular measurements was collected at 33 ms (one broad-
cast frame) following IC. A third set of angular measure-
ments was collected at 66 ms (two broadcast frames) fol-
lowing IC. Any disagreements between the two 
investigators were resolved by the senior author. Interrater 
reliability was excellent for frontal and sagittal plane knee 
(ICC ≥ 0.975), hip (ICC ≥ 0.973), trunk (ICC ≥ 0.977), and an-
kle dorsiflexion (ICC ≥ 0.973) angle measurements each at 
IC as well as 33 ms and 66 ms following IC. Once interrater 
reliability was established, one investigator completed an-
gular analysis of all 26 included videos. 
In previous video analysis and simulation-based studies, 

ACL injury was thought to occur promptly following IC.16,17 

More recent literature, however, has shown that an ACL 
injury event is expected to occur between 0 and 61 ms 
after IC, with mean time to peak strain roughly 53 ms after 
IC.18,19 Common media capture frame rate is 30 Hz, there-
fore, two broadcast frames are expected to be recorded in 
the injury event period following IC. Because the authors 
were unable to manipulate the playback rate of publically 
available video footage, IC as well as 33 ms and 66 ms fol-

lowing IC were examined, which corresponds to one and 
two frames following IC. 
A kinematic joint analysis protocol was designed to ex-

tract frontal plane angles (knee valgus-varus, hip abduc-
tion-adduction, trunk left-right sway) and sagittal plane 
angles (knee flexion-extension, hip flexion extension, ankle 
flexion and trunk flexion; Figure 1). All angle measure-
ments for the kinematic joint analysis protocol (see supple-
mental file) were completed using Kinovea software. Knee 
flexion-extension angle was measured as the angle between 
a line that started immediately superior to the greater 
trochanter and passed through the femoral epicondyle at 
the knee and a second line that started at the anterior-pos-
terior midpoint of the ankle and passed through the center 
of the femoral epicondyle at the knee. Hip flexion-exten-
sion angle was measured as the angle between a line that 
started at the acromion and stopped immediately superior 
to the greater trochanter and a second line that started 
immediately superior to the greater trochanter and passed 
through the center of the femoral epicondyle. Trunk flex-
ion angle was measured as the angle between a vertical 
line passing through the hip joint and a second line that 
started at the acromion and ended immediately superior to 
the greater trochanter. Knee varus-valgus angle was mea-
sured as the angle between a line that passes through the 
middle of the femoral shaft and the second line through 
the middle of the tibial shaft. The femoral shaft was deter-
mined by drawing a line perpendicular to the long axis of 
the thigh, selecting the midpoint of that line, then drawing 
a second line perpendicular to the first that passes through 
this midpoint. In the same manner, the tibial shaft was lo-
cated relative to the shank. The hip abduction-adduction 
angle was measured as the angle between the femoral shaft 
line and a second line that was drawn perpendicular to an 
axis formed between the right and left ASIS or PSIS (depen-
dent on a primarily ventral or dorsal view). Frontal plane 
trunk angle was measured as the angle between the line 
perpendicular to the ASIS or PSIS axis and a second line 
that started at the midpoint of the ASIS or PSIS axis and 
passed through either C7 or the manubrium (dependent on 
a primarily ventral or dorsal view). In adherence to previ-
ous convention, hip flexion, hip adduction, knee extension, 
knee adduction, and ankle dorsiflexion were represented as 
positive values.20 Frontal plane trunk angle was treated as 
an absolute magnitude of deviation from center. 
In addition to angular measurements, several categorical 

variables were independently assessed from each video by 
the rater. Playing situation was categorized as attacking, 
defending, or celebrating. Player action was categorized as 
single-leg landing, double-leg landing, cutting, or pivoting. 
Player attention was selected based on where the player’s 
focus appeared to be immediately prior to injury and was 
categorized as on the ball, on an opponent, on the objec-
tive, or on landing.14 Player attention was then considered 
to be external if it was categorized as on the ball, on an op-
ponent, or on the objective. Internal player attention was 
determined if the players focus was immediately directed 
at their feet or foot placement instead of being directed 
at the playing environment. If the categorical variable was 
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Figure 1. Examples of kinematic joint angle measurements as dictated by the written protocol (see supplemental               
file).  
Sagittal plane measurements: A) knee flexion extension B) hip flexion-extension C) trunk flexion D) ankle flexion. Frontal plane measurements: E) knee varus-valgus F) hip abduc-
tion-adduction G) trunk right-left sway. 

unclear, that variable was scored as indeterminate for the 
given video. In addition, each video was classified as a con-
tralateral tear, or a graft rupture based on each athlete’s 
searchable injury history. 

DATA REPORTING AND STATISTICAL METHODS 

Dependent variables were reported as angles in degrees. 
Statistical calculations were performed in JMP Pro (version 
10, SAS Institute, Inc., Cary, NC, USA) and significance 
was assessed with a 2x3 ANOVA between contralateral tear 
and graft rupture as well as between IC, 33 ms, and 66 ms 
time points. Significance was determined at α < 0.05. A 
Tukey’s Test was used for time point post-hoc testing be-
tween pairs. Interrater reliability was assessed in MATLAB 
(version 2021b, The MathWorks, Inc., Natick, MA, USA) and 
was assessed separately for each dependent variable via in-

terclass correlation coefficient (ICC 2-1). ICC values were 
scored based on previous literature where ICC < 0.4 was 
poor, 0.4 < ICC < 0.75 was fair-to-good, and ICC > 0.75 was 
excellent.20–22 A Fisher’s Exact Test was used in order to 
analyze trends in player characteristics in both the con-
tralateral tear and graft rupture groups. 

RESULTS 
PLAYING CIRCUMSTANCES 

Of the 26 second injury cases analyzed, 10 cases were con-
tralateral tears and 16 were graft ruptures. Fourteen second 
injuries occurred while the player was attacking, eight oc-
curred while defending, and the remaining four were a cel-
ebration or indeterminate (Table 2). For the present cohort, 
there were no statistically significant differences between 
the contralateral tear and graft rupture groups for playing 

Video Analysis of 26 Cases of Second ACL Injury Events in Collegiate and Professional Athletes

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/67775-video-analysis-of-26-cases-of-second-acl-injury-events-in-collegiate-and-professional-athletes/attachment/134359.jpg?auth_token=qJfWNBd-Z8edze7dOc7b


Table 2. Breakdown of player circumstances at time of injury.         

Cohort Contralateral Graft Rupture 

N % N % N % 

Playing Situation 

Attacking 14 54 6 60 8 50 

Defending 8 31 3 30 5 31 

Celebrating 1 4 0 0 1 6 

Indeterminate 3 12 1 10 2 13 

Player Action 

Single-leg landing 14 54 5 50 8 50 

Double-leg landing 0 0 0 0 0 0 

Cutting/ Pivoting 12 46 5 50 8 50 

Player Attention 

Ball 12 46 5 50 7 44 

Opponent 7 27 4 40 3 19 

Objective 6 23 1 10 5 31 

Landing 1 4 0 0 1 6 

situation, player action, player attention, or ball possession 
(p ≥ 0.57). However, the raw percentage of athletes in pos-
session of the ball was larger for the contralateral tear 
group (five cases, 50%) than graft rupture group (seven 
cases, 44%), while the raw percentage of athletes without 
the ball was lower in the contralateral group (one case, 
14%) than in the graft rupture group (five cases 38%). In 
two cases in the contralateral group (28%) and three cases 
for the graft rupture group (23%), injury occurred while the 
ball was in transition. Sidestep cutting was responsible for 
just under half of all second injuries observed (Table 1), 
while single-leg landing constituted the other remaining 
injuries. Single-leg landing injuries made up 50% of con-
tralateral tears (five cases) and 50% of graft ruptures (eight 
cases). 

KNEE MOTION 

Knee valgus collapse was identified in 18 of 26 cases, ad-
duction collapse in one case, no collapse was readily evi-
dent in four cases, and three cases could not be accurately 
judged. The mean knee flexion angle at IC was 40± 17°, 
while the mean knee abduction angle at IC was 14 ± 8° 
(Table 3). There were no statistically significant differences 
between the contralateral and graft rupture groups in 
frontal or sagittal plane knee angles (p ≥ 0.19). Time point 
had a significant effect on sagittal and frontal plane knee 
angle (p = 0.04) as knee flexion angle and knee abduction 
angle were greater at 66 ms than at IC (p ≤ 0.03). 

HIP MOTION 

The mean hip flexion angle at IC was 53 ± 26°, while the 
mean hip abduction angle at IC was 35 ± 13° (Table 4). Tear 
type (contralateral, graft rupture) was a significant factor 
to sagittal plane hip angles (p < 0.01), as the graft rupture 
group exhibited greater hip flexion than the contralateral 

tear group (p = 0.02). There were no statistically significant 
differences between the two groups in frontal plane hip an-
gles (p = 0.25). Timing was not a significant factor in frontal 
or sagittal plane hip angles (p ≥ 0.88). 

TRUNK MOTION 

The mean trunk flexion angle at IC was 20 ± 13°, while the 
mean trunk frontal plane angle at IC was 16 ± 14°, away 
from center (Table 5). There were no statistically signifi-
cant differences between the two groups in frontal or sagit-
tal plane trunk angles (p ≥ 0.22). Time point was also not a 
statistically significant factor (p ≥ 0.82). 

ANKLE MOTION 

The mean ankle dorsiflexion angle at IC was 18 ± 13° (Table 
6). Tear type (contralateral, graft rupture) was not a signif-
icant factor to ankle dorsiflexion (p = 0.95). Time was also 
not a significant factor to ankle dorsiflexion (p = 0.39). 

DISCUSSION 

The purpose of the current study was to characterize the 
mechanisms of non-contact secondary ACL injuries using 
publically available video of the injury event. Joint kine-
matics, playing situation, and player attention were an-
alyzed to provide comprehensive analysis of the injury 
mechanism. It was hypothesized that athletes would ex-
hibit greater frontal plane hip and knee angles, but not 
greater hip and knee flexion, at 66 ms following IC than 
at IC and 33 ms following IC. No change was observed 
between IC and 33 ms for any variables of interest. Knee 
frontal plane motion did support the hypothesis that knee 
abduction would increase over the observed time period. 
Additionally, sagittal plane hip angles supported the hy-
pothesis as they did not change over the observed time pe-
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Table 3. Knee kinematics in degrees. (Mean ± SD)        

IC* 33 ms 66 ms 

Sagittal Frontal Sagittal Frontal Sagittal Frontal 

Cohort 40 ± 17 14 ± 8 48 ± 18 22 ± 13 60 ± 23 25 ± 16 

Contralateral 37 ± 22 10 ± 8 48 ± 19 16 ± 6 55 ± 15 23 ± 9 

Graft Rupture 42 ± 13 15 ± 8 49 ± 18 23 ± 14 64 ± 31 26 ± 18 

*IC = Initial contact 

Table 4. Hip kinematics in degrees. (Mean ± SD)        

IC* 33 ms 66 ms 

Sagittal Frontal Sagittal Frontal Sagittal Frontal 

Cohort 53 ± 26 35 ± 13 55 ± 28 34 ± 15 55 ± 31 30 ± 9 

Contralateral 40 ± 19 28 ± 13 41 ± 26 29 ± 10 45 ± 36 31 ± 8 

Graft Rupture 66 ± 25 38 ± 12 68 ± 24 36 ± 16 65 ± 24 30 ± 10 

*IC = Initial contact 

Table 5. Trunk kinematics in degrees. (Mean ± SD)        

IC* 33 ms 66 ms 

Sagittal Frontal Sagittal Frontal Sagittal Frontal 

Cohort 20 ± 13 16 ± 13 20 ± 16 18 ± 13 23 ± 21 25 ± 16 

Contralateral 15 ± 10 12 ± 7 16 ± 6 16 ± 8 21 ± 23 23 ± 9 

Graft Rupture 24 ± 15 17 ± 16 23 ± 17 19 ± 15 26 ± 21 26 ± 18 

*IC = Initial contact 

Table 6. Ankle kinematics in degrees. (Mean ± SD)        

IC* 33 ms 66 ms 

Dorsiflexion Dorsiflexion Dorsiflexion 

Cohort 18 ± 13 23 ± 10 25 ± 15 

Contralateral 15 ± 13 24 ± 11 27 ± 9 

Graft Rupture 20 ± 14 22 ± 11 24 ± 19 

*IC = Initial contact 

riod. However, contrary to our hypothesis, frontal plane hip 
angles did not change over the observed time period. In ad-
dition, knee flexion at 66 ms following IC did not support 
the stated hypothesis that athletes would exhibit less knee 
flexion over the observed time period. Therefore, the initial 
hypothesis was not fully accepted due to the mixed nature 
of these results. 

JOINT KINEMATICS 

In the present study, a clear increase in frontal knee angle 
from IC to 66 ms following IC was found. This finding sup-
ports existing literature, which suggests abduction drives 
the ACL toward injury.23,24 Hewett et al. previously re-
ported that athletes with ACL injury display up to 2.5 times 
greater knee abduction moments and 20% higher ground 
reaction force than uninjured atheltes.24 

In addition to increased knee abduction, reduced sagittal 
plane motion was observed which has been found to be 
linked to ACL injury.1,25 Previous kinematic analysis has 
shown there to be greater sagittal plane motion in healthy 
landings as compared to ACL injury events. Using a three-
dimensional analysis system, sagittal plane angles at the 
hip and knee during the first and second landings of a drop 
vertical jump were evaluated in a cohort of healthy female 
basketball athletes.26 In these landings, the healthy ath-
letes demonstrated approximately 30° and 60° of change in 
the sagittal plane at the hip and knee, respectively, from IC 
to the lowest center of mass position in the first landing. 
In the second landing of the drop vertical jump, the same 
athletes demonstrated approximately 20° and 50° change 
in the sagittal plane at the hip and knee, respectively.26 

Analysis of total joint excursion during a drop vertical jump 
in healthy male elite athletes demonstrated an average of 
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15.4° and 43.4° change in hip and knee flexion, respec-
tively, for the dominant leg in the first landing.27 In the 
current analysis of injury events, the average change in 
sagittal plane angles were 4° and 29° at the hip and knee. In 
comparison to the joint excursions previously reported dur-
ing healthy landings, the average joint excursions for hip 
and knee flexion from IC to 66 ms during an injury event 
were significantly lower. It is important to acknowledge 
that previous research has reported mixed results for the 
agreement and correlation between two-dimensional video 
analysis and three-dimensional kinematics.16,28,29 How-
ever, recent research by Schurr et al. demonstrated mod-
erate to strong relationships between two-dimensional 
analysis and three-dimensional motion capture in lower ex-
tremity investigation.30 Additionally, a drop vertical jump 
does not take into account potential player distraction and 
cannot be fully compared to an athletic task. 
In addition to the combination of increased knee abduc-

tion and reduced sagittal motion, lateral trunk motion has 
been shown to further increase the load on the ACL.31 Lat-
eral trunk movement shifts the ground reaction force vec-
tor lateral to the knee, which increases the potential for 
knee valgus loading and thus ACL strain. Knee valgus mo-
tion is a predictor in both primary and secondary ACL in-
jury risk models.1,2 Neuromuscular training studies have 
identified strategies to modify athletes’ landing techniques 
to lessen lateral trunk and knee valgus motions to reduce 
injury risk.32–34 

The results of the current investigation did not reveal 
statistically significant differences between IC and 33 ms; 
however, a trend toward significance occurred after the 33 
ms time point. Knee flexion angle was greater at 66 ms than 
at IC (p ≤ 0.03). In addition, frontal plane angles trended 
toward reduced hip adduction at 66 ms. This trend may in-
dicate that the injury occurs somewhere between the 33 ms 
and 66 ms time points following IC; however, additional 
studies are necessary to determine the exact timing of an 
injury event. 

PLAYER ATTENTION, ACTION, AND PLAYING SITUATION 

In previous primary injury analysis, player attention was 
most commonly on the basket rim (the objective) (38%), 
the opponent (28%), or the ball (23%).14 In the present 
secondary injury analysis, player attention was found to 
be primarily split between the ball (46%) or an opponent 
(27%). Rehabilitation programming and future studies 
should consider the incorporation of diverse training en-
vironments and playing situations which challenge player 
attention (via “distraction” exercises) to assist with sec-
ondary ACL injury prevention. Additionally, in comparison 
to primary injury video analysis, different trends for sec-
ondary ACL injury regarding player action and playing situ-
ation were observed.14 In the present study, 54% (14/26) of 
secondary injury events occurred during a single-leg land-
ing while the remaining 46% (12/26) of events occurred 
during a cutting or pivoting movement. Comparable to the 
findings of the present study, Krosshaug et al. reported 
a substantial percentage (26%) of ACL injury events oc-
curred during a single-leg landing. However, they did not 

Table 7. Comparison of Primary and Secondary ACL       
Injury Events   

Primary ACL 
Injury Analysis 
(Krosshaug et 

al.)14 

Secondary 
ACL 

Injury 
Analysis 

(Vargas et al.) 

% of cohort* % of cohort** 

Playing 
Situation 

Attacking 74 54 

Defending 13 31 

Celebrating N/A 4 

Indeterminate 5 12 

Other 8 N/A 

Player Action 

Single-leg 
landing 

26 54 

Double-leg 
landing 

33 0 

Cutting/ Pivoting 10 46 

Indeterminate 21 0 

Direct Blow 10 N/A 

Player 
Attention 

Ball 28 46 

Opponent 23 27 

Objective 38 23 

Landing N/A 4 

Other 11 N/A 

It is important to note that while Krosshaug et al. included 4 ACL injury events involving 
a direct blow to the knee, the present study only examined non-contact secondary ACL 
injury events. 
*Krosshaug et al. cohort comprised primary 39 ACL injury events 
**Vargas et al. (current study) comprised 26 secondary ACL injury events 

find a substantial percentage (10%) of ACL injury events 
which occurred following a cutting or pivoting movement. 
Furthermore, in primary analysis, 33% of injuries occurred 
in double-leg landings, while in secondary analysis of the 
present study 0% of injury events involved a double-leg 
landing. In both analyses, a larger percentage of injuries 
occurred while the player was attacking compared to de-
fending. In addition to the inclusion of “distraction” train-
ing, which would challenge an athlete’s ability to divide 
their attention across multiple tasks, preventative pro-
grams should include exercises which involve unantici-
pated landing and cutting movements. Comparisons of 
player attention, action, and playing situation in primary 
ACL and secondary ACL injury can be found in Table 7. 

FUTURE DIRECTIONS 

While 26 videos of secondary ACL were analyzed in the cur-
rent study, this does not give a true representation of the 
prevalence of secondary ACL injuries that occur in these 
sports. An average of 200,000 ACL injuries occur annually 
in the United States, and meta-analysis of recent literature 
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reported that secondary ACL injury rate for athletes 
younger than 25 is 23%.9,35 Few videos of secondary ACL 
injuries are publically available. Additional videos of sec-
ondary ACL injuries would help strengthen the analysis of 
secondary ACL injury mechanisms, playing situations, and 
player behaviors. 

LIMITATIONS 

Although the use of videos allows for insight into an injury 
mechanism, previous authors have reported mixed results 
for the agreement and correlation between two-dimen-
sional video analysis and three-dimensional kinemat-
ics.16,28,29 In addition, the publically available video cam-
era angles are not directly aligned with the subject in the 
frontal or sagittal plane, which may skew video measure-
ments and limit comparison across videos. Furthermore, 
due to the presence of protective equipment and/or other 
sport clothing, identification of anatomical landmarks used 
for joint angle measurements were not exact. Unfortu-
nately, true three-dimensional kinematics or perfectly 
aligned videos of injury-inducing plays do not exist. De-
spite the inconsistencies in camera angles, there was excel-
lent reliability of measurement for each of the frontal and 
sagittal plane angles considered in this analysis. Although 
an exhaustive search of publically available records was 
conducted, this study had a limited sample size and small 
cohort due to poor camera quality and/or angles which 
could influence the study results. Additionally, it is impor-
tant to note the inability to account for ground reaction 
forces in video analysis, as a result, how forces and loads 
propagated through the closed kinetic chain could not be 
evaluated. We were unable to appreciate how forces and 
loads propagated through the closed kinetic chain. Finally, 
knowledge of the athletes’ injury history as well as the de-

tails of athletes’ primary ACL injury, rehabilitation time, 
and RTP time were unknown. 

CONCLUSION 

Secondary ACL injuries occurred most frequently during 
single-leg landing and cutting movements. Injuries oc-
curred in both attacking and defensive plays, and most 
commonly the player was determined to have an external 
focus, such as the ball or an opponent. Knee valgus collapse 
was identified in the majority of cases at the time of injury, 
with knee flexion angle increasing from IC to 66 ms. Ad-
ditionally, at time of injury, most athletes exhibited a stiff 
landing in the hip, with no significant changes in hip 
frontal or sagittal angles from IC to 66 ms. Athletes expe-
riencing secondary ACL injury exhibit frontal and sagittal 
plane angle deviations in knee kinematics but not hip kine-
matics following IC. These patterns were consistent 
whether the secondary injury was on the contralateral limb 
or a graft rupture. Secondary injury prevention intervention 
should focus on restricting frontal plane knee motion while 
mobilizing sagittal plane hip motion. Furthermore, preven-
tative and rehabilitation programming should consider the 
inclusion of “distraction” training to mimic the athlete’s 
playing environment. 
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Background  
Patellofemoral pain (PFP) is a common overuse injury among runners, affecting females 
at a higher rate than males. PFP can often become chronic, with evidence suggesting it 
may be linked to both peripheral and central sensitization of the nervous system. 
Sensitization of the nervous system can be identified through quantitative sensory 
testing (QST). 

Hypothesis/Purpose  
The primary objective of this pilot study was to quantify and compare pain sensitivity as 
identified through QST measures, in active female runners with and without PFP. 

Study Design   
Cohort Study 

Methods  
Twenty healthy female runners and 17 female runners with chronic PFP symptoms were 
enrolled. Subjects completed the Knee injury and Osteoarthritis Outcome Score for 
Patellofemoral Pain (KOOS-PF), University of Wisconsin Running Injury and Recovery 
Index (UWRI), and the Brief Pain Inventory (BPI). QST consisted of pressure pain 
threshold testing to three local and three distant sites to the knee, heat temporal 
summation, heat pain threshold, and conditioned pain modulation. Data was analyzed 
utilizing independent t-tests for comparison of between-group data, effect sizes for QST 
measures (Pearson’s r), and Pearson’s correlation coefficient between pressure pain 
threshold values at the knee and functional testing. 

Results  
The PFP group exhibited significantly lower scores on the KOOS-PF (p<0.001), BPI Pain 
Severity and Interference Scores (p<0.001), and UWRI (p<0.001). Primary hyperalgesia, 
identified through decreased pressure pain threshold at the knee, was detected in the PFP 
group at the central patella (p<0.001), lateral patellar retinaculum (p=0.003), and patellar 
tendon (p=0.006). Secondary hyperalgesia, a sign of central sensitization, was observed 
via differences in pressure pain threshold testing for the PFP group at the uninvolved 
knee (p=0.012 to p=0.042), involved extremity remote sites (p=0.001 to p=0.006), and 
uninvolved extremity remote sites (p=0.013 to p=0.021). 
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Conclusion  
Compared to healthy controls, female runners with chronic PFP symptoms exhibit signs 
of both peripheral sensitization. Despite actively participating in running, nervous 
system sensitization may contribute to continued pain in these individuals. For female 
runners with chronic PFP, physical therapy management may need to include 
interventions which address signs of central and peripheral sensitization. 

Level of Evidence    
Level 3 

INTRODUCTION 

Overuse injuries of the lower extremities are common in 
runners,1 with patellofemoral pain (PFP) reported as the 
most frequently occurring condition.2 Females have been 
found to be more than two times more likely to develop 
PFP when compared to males.3 Multiple theories for the 
development of PFP have been proposed, including motor 
performance deficits, movement coordination deficits, mo-
bility impairments, and over-training, but PFP is likely the 
result of multifactorial contributions.4,5 PFP can often be-
come chronic, with up to 91% of individuals reporting con-
tinued pain 4-18 years after the initial diagnosis.6 

Sensitization of the nervous system has been proposed 
as a mechanism to explain chronic musculoskeletal 
pain.7–10 Both peripheral and central sensitization mech-
anisms may contribute to enhanced nociceptive drive be-
yond that seen with typical tissue injury.11 Peripheral sen-
sitization is described as the increased responsiveness and 
reduced threshold of nociceptive neurons in the periphery 
to the stimulation of the of their receptive fields; whereas 
central sensitization is defined as the increased responsive-
ness of nociceptive neurons in the central nervous system 
to normal or subthreshold afferent input.12 The chronicity 
of PFP symptoms may be, in part, explained by changes in 
sensitization of the nervous system in some individuals. 

Pain is highly subjective and is influenced by individual 
differences in pain perception, and typically assessed clini-
cally through a pain intensity scale.13 One limitation to us-
ing a pain intensity scale includes the variability of patient 
interpretation of pain measurement.14 Quantifying pain is 
challenging due to the subjective nature of each individ-
ual’s pain experience.15 Objective assessment of nervous 
system sensitivity can be conducted through quantitative 
sensory testing (QST) via thermal or mechanical measures. 
QST is a noninvasive way of assessing and quantifying sen-
sory nerve function.16 QST can objectively measure the 
central and peripheral components of pain, and can detect 
the facilitation and inhibition of pain.15 

Numerous QST measurement tools have been de-
scribed17–21 including pressure pain threshold, heat pain 
threshold, temporal summation, and conditioned pain 
modulation. Mechanical pressure pain threshold is utilized 
to assess the functioning of A-delta fibers.22 Both local and 
remote structures can be tested, with primary hyperalgesia 
determined through increased sensitivity at the site of the 
injury, and secondary hyperalgesia determined through in-
creased sensitivity at sites remote from the site of injury. 
The presence of widespread mechanical hyperalgesia is 

suggestive of a centrally-mediated facilitation mechanism 
of chronic pain.23 Heat pain threshold testing is also uti-
lized to assess the functioning of A-delta fibers.24 Temporal 
summation is used to assess the functioning of C-fibers and 
is a measure of pain facilitation.24 Conditioned pain modu-
lation paradigms are designed to assess for an impairment 
in pain inhibition.18,22,25 Central nervous system sensitiza-
tion can be inferred through QST by the presence of sec-
ondary hyperalgesia26 or enhanced pain facilitation.18 

Several authors have reported signs of central sensitiza-
tion in individuals with PFP as assessed through QST.27–34 

The QST measurement method utilized in a majority of 
these studies utilized mechanical pressure pain threshold 
testing. Of these, only Holden et al.27 included temporal 
summation and conditioned pain modulation (through cuff 
pressure algometry), and two studies included heat pain 
threshold and cold pain threshold testing.28,29 No identi-
fied studies reported on the QST measures of pressure pain 
threshold (for the presence of primary and secondary hy-
peralgesia), heat pain threshold (for the presence of pri-
mary hyperalgesia), temporal summation (for the presence 
of impaired central pain facilitation), and conditioned pain 
modulation (for the presence of impaired descending inhi-
bition) in patients with PFP. Additionally, of these identi-
fied studies, only Pazzinatto et al.32 controlled for the ac-
tivity level of subjects and found evidence for lower local 
and remote pressure pain threshold values in female run-
ners with PFP. In female runners with chronic PFP, heat 
pain threshold, temporal summation, and conditioned pain 
modulation findings have not previously been investigated, 
nor compared with healthy controls. 

The relationship between pain and functional perfor-
mance remains poorly understood. Individuals with greater 
localized hyperalgesia (due to peripheral sensitization) 
from chronic lower extremity conditions have been shown 
to exhibit impaired lower extremity mechanics that are be-
lieved to be related to increased nociceptive input.30 It has 
been proposed that movement changes which persist be-
yond the original protective phase of injury may lead to 
changes in function and further affect recovery.35 A lack 
of evidence exists for the association of functional perfor-
mance with measures of primary hyperalgesia in female 
runners with chronic PFP. 

The primary objective of this pilot study was to quantify 
and compare pain sensitivity as identified through QST 
measures, in active female runners with and without PFP. 
This information will help clinicians and researchers un-
derstand which of these QST procedures may be more sen-
sitive to differences in pain between groups. A secondary 
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objective was to determine if there was an association be-
tween a dynamic lower extremity functional performance 
measure and measures of pain sensitization. 

METHODS 

Twenty healthy, pain-free female runners and 20 female 
runners with chronic PFP symptoms were enrolled for this 
pilot research study from April 2017 through January 2018. 
No formal power analysis was performed for this pilot 
study. Twenty subjects in each group were selected based 
on similar studies which compared pressure pain threshold 
values in patients with PFP.32,36 A convenience sample of 
subjects were recruited from the university community, lo-
cal running clubs, and local running shoe stores via ad-
vertisement flyers and social media postings. The study 
protocol was approved by the Institutional Review Boards 
of Arcadia University and Rutgers, The State University of 
New Jersey. All subjects gave informed consent to partici-
pate in this study. 

Inclusion criteria for all subjects included female sex, 
age between 18-45 years, and a self-reported involvement 
in running activity for a minimum of one hour per week. 
A time-based criterion for running activity was selected to 
standardize a minimal amount of joint loading time, ver-
sus a distance-based criterion. The upper age limit of 45 is 
consistent with the typical clinical presentation of patients 
with PFP, and to control for possible effects of degenera-
tive joint disease.37 Inclusion criteria for both groups also 
included intact skin (no cuts or abrasions to the lower legs 
that would interfere with the testing), intact sensation via 
verbal self-report by the subject, and the ability to con-
verse, read, and write in English. Subjects were excluded if 
they reported a recent musculoskeletal injury that limited 
participation in running over the prior two weeks, a history 
of any neurological condition that may affect sensory per-
ception, the presence of any other acute or chronic pain 
conditions, and use of prescription medication for pain or 
psychological conditions, as such medications may affect 
pain perception. Subjects were instructed to not take any 
over-the-counter pain medication for 24 hours prior to test-
ing. 

For the PFP group, inclusion criteria included unilateral 
or bilateral knee pain of at least 3/10 (during running), pain 
for at least six weeks prior to enrollment, and clinical exam-
ination findings indicative of PFP (e.g., anterior, retropatel-
lar, or peripatellar pain, pain reproduction with knee load-
ing activities or prolonged knee flexion, atraumatic onset, 
exclusion of other knee pathologies).5 Subjects were ini-
tially screened by phone to confirm their anterior knee or 
retropatellar pain was of an insidious onset for a minimum 
of six weeks. Additional screening included the presence of 
knee pain symptoms provoked by at least two of the fol-
lowing activities: prolonged sitting or kneeling, squatting, 
running, hopping, or stair climbing; and pain intensity with 
running in the previous week of at least a 3/10 on the Nu-
meric Pain Rating Scale (NPRS). Prior to the initial test-
ing session, subjects in the PFP group underwent a physical 
examination by a physical therapist to rule out other knee 

joint injuries such as ligamentous, tendon or meniscal in-
jury, and to confirm the presence of PFP. Presence of PFP 
was confirmed if pain was reproduced or worsened with any 
activities that served as diagnostic criteria for PFP.5 

QUESTIONNAIRES 

All subjects completed the Knee injury and Osteoarthritis 
Outcome Score for Patellofemoral Pain and Osteoarthritis 
(KOOS-PF), the Brief Pain Inventory short-form (BPI), and 
the University of Wisconsin Running Injury and Recovery 
Index (UWRI). The KOOS-PF has been shown to be a valid 
and reliable self-report measure for patients with PFP.38 

This is an 11-item knee-specific outcome scale, with a high 
score of 100 indicating no limitation with daily function 
and sport activity in addition to the absence of symptoms, 
and 0 indicating extreme limitations. The KOOS-PF has 
good test-retest reliability38 and has a published minimally 
important change of 14.2 points.39 

The BPI has been shown to be valid and reliable for mea-
suring pain severity and impact on function.40 It is a nine 
item self-report questionnaire, which is scored in two parts: 
pain severity and pain interference. Both parts of the BPI 
are calculated out of a maximum of 10 points. For pain 
severity, a 0 indicates no pain and a 10 indicates pain “as 
bad as you can imagine”. For pain interference, a 0 indi-
cates no interference and a 10 indicates that pain com-
pletely interferes with activity. The minimum clinically im-
portant difference (MCID) for the pain severity score has 
been found to be 2.2 points in patients with fibromyalgia.41 

No published MCID for BPI interference score has been 
identified in the literature. 

The UWRI has been shown to be a valid and reliable pa-
tient-reported outcome measure to assess issues related to 
injury recovery, frustration, and training progression fol-
lowing a running related injury.42,43 It is a nine question 
self-report measure, with a maximum possible score of 36 
which indicates no deficit in running ability, with lower 
scores indicating a greater limitation in running ability. The 
MCID for the UWRI has been found to be eight points.43 

FUNCTIONAL TESTING 

Quantification of lower extremity functional performance 
was conducted via the Y-Balance Test-Lower Quarter (YBT-
LQ) utilizing the YBT testing kit (Move2Perform, Evans-
ville, IN). Testing of the YBT-LQ was performed following 
procedures previously published utilizing this measure.44 

The YBT-LQ has been described as integrating strength, 
flexibility, neuromuscular control, stability, range of mo-
tion, balance, and proprioception.45 A significant positive 
correlation has been shown between the YBT-LQ and hip 
abduction strength.46 The YBT-LQ has demonstrated excel-
lent inter- and intra-rater reliability in healthy individu-
als.47 

QUANTITATIVE SENSORY TESTING 

All QST measurements were performed by the primary in-
vestigator. For pressure pain threshold testing, subjects 
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were positioned supine on a plinth with the knee in full ex-
tension, and a handheld pressure algometer with a 1 cm2 

tip (Wagner Instruments, Greenwich, CT) was used to ap-
ply increasing amounts of pressure (~1kg/sec) to each test-
ing site bilaterally. The force was withdrawn as soon as 
the subject reported that the sensation changed from pres-
sure to pain. Two trials were performed at each location 
with a minimum of 30 secs of rest in between, with the 
mean of the two trials used for data analysis. At the knee, 
two sites were tested: the center of the patella and lateral 
retinaculum.33 The location of the center of the patella 
was determined by measuring the midpoint in the medial-
lateral and superior to inferior direction and determining 
the center. For the lateral patella retinaculum, a point 2 
cm lateral to the lateral border of the patella was used. 
Two sites along the medial aspect of the tibia were also 
tested. Tibial sites were determined from a measurement 
from the distal tip of the medial malleolus to the medial 
tibial condyle. The length of the tibia was divided into 
thirds, with the distal third and proximal third measure-
ment utilized for pressure pain threshold testing. Addition-
ally, pressure pain threshold testing was performed at the 
mid-portion of the patellar tendon (mid-point between the 
inferior pole of the patella and tibial tubercle) and at mid-
quadriceps muscle belly (midline of the anterior thigh, mid-
way between the iliac crest and the superior border of the 
patella). The patella tendon pressure pain threshold mea-
surement was performed with the subject’s knee flexed to 
90 degrees. Pressure pain threshold testing order was per-
formed in the following standardized sequence: right dis-
tal tibia, left distal tibia, right central patella, left central 
patella, right proximal tibia, left proximal tibia, right patel-
lar lateral retinaculum, left patellar lateral retinaculum, 
right mid-quadriceps, left mid-quadriceps, right patella 
tendon, left patella tendon. This order was chosen to alter-
nate between extremities to allow adequate time for wash-
out between pain testing, and to provide for separation of 
potential cutaneous dermatome overlap. 

Thermal heat testing was performed using a computer-
controlled contact thermode (TSA-II Neurosensory Ana-
lyzer, Medoc, Ramat Yishai, Israel) which was fastened to 
the anterolateral aspect of the knee at the tibiofemoral 
joint line. The subject was seated in a chair with the dom-
inant (healthy group) or most painful leg (PFP group) ex-
tended, facing away from the computer monitor. The tem-
poral summation test consisted of 10 heat pulses which rise 
rapidly from 42-51°C at 10°C/second at a rate of one pulse 
every three seconds. During this test, the participant rated 
their perception of pain intensity for each of the 10 heat 
pulses using a rating scale following prompts by the inves-
tigator. This scale consists of a 100mm line with descriptor 
anchors attached (0mm = no pain, 20mm = pain threshold, 
100mm = worst pain imaginable) which was adapted from 
Staud et al.48 For the heat pain threshold test, the ther-
mode temperature started at 35°C and increased at a rate 
of 0.5°C/second until the participant indicated a change 
from perception of warmth to the perception of pain by 
clicking a mouse to stop the test; or when the temperature 
reached a maximum of 51°C, whichever came first. Follow-

ing a 60-second rest the test was repeated.49 The mean 
value of the two trials was used for data analysis. 

For the conditioned pain modulation test, subjects were 
seated with both feet on the floor. A cold water bath with 
a circulating pump was maintained at a temperature of 6° 
C and monitored by a digital thermometer. An initial pres-
sure pain threshold rating was recorded at the tibialis ante-
rior on the dominant (healthy group) or most painful lower 
extremity (PFP group). The anterior tibialis location was 
the midpoint distance as measured from the medial malle-
olus to the lateral joint line of the knee. Subjects then 
placed their dominant hand into the cold water bath for 
one minute, with subsequent pressure pain threshold mea-
surements recorded at the tibialis anterior 30 and 60 sec-
onds while the was hand submerged. The subject was also 
asked to report the pain rating at its worst in their hand 
while submerged at 60 seconds on a 10cm visual analog 
scale. A standardized video of ocean waves was shown to 
subjects on a separate computer monitor during the condi-
tioned pain modulation test. This was to provide the sub-
jects with something to look at for distraction from the dis-
comfort while their hand was submerged in the cold water 
bath.50,51 

STATISTICAL ANALYSIS 

Statistical analysis was performed with SPSS version 26 
(IBM Corporation, Armonk, NY). Means, standard devia-
tions, and/or confidence intervals were calculated for each 
outcome variable and examined for normality using graph-
ical approaches. Comparison of between-group data were 
performed with independent t-tests. The most painful knee 
was utilized for data collection for those in the PFP group 
with bilateral symptom complaints (n=4). For the healthy 
control group, no significant difference was found between 
extremities for the healthy control group for all pressure 
pain threshold sites, so the dominant extremity was uti-
lized for comparison with the involved extremity of the PFP 
group. For all statistical calculations, a p value < 0.05 was 
considered significant. Effect sizes for QST measures (Pear-
son’s r) from the independent t-tests were calculated, with 
the following interpretation: ≥ 0.1 a small effect, ≥ 0.3 a 
medium effect, and ≥ 0.5 a large effect. Correlations be-
tween pressure pain threshold values at the knee and func-
tional testing were assessed via Pearson’s correlation coef-
ficient. 

RESULTS 

From September 2017 through June 2018, a total of 40 sub-
jects (20 with PFP and 20 healthy controls) participated 
in the study. Three subjects with PFP were excluded from 
data analysis, as they had reported a past knee surgery (two 
with a prior anterior cruciate ligament reconstruction and 
one with a medial meniscus repair). A total of 17 subjects 
with PFP and 20 healthy controls were included in the final 
analysis (Table 1). The participant characteristics are pre-
sented in Table 1. There were no significant differences be-
tween groups for age (t(35)= -1.735, p=0.091), BMI (t(35)= 
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Table 1. Subject characteristics, presented as mean ± standard deviation         

PFP Group 
(n=17) 

Healthy Control 
(n=20) 

Between Group Differencea p- value 

Age (years) 29.47 ± 7.53 33.95 ± 8.06 4.48 (-0.76, 9.72) 0.091 

Height, cm 166.15 ± 6.23 164.15 ± 5.48 -2.00 (-5.90, 1.91) 0.306 

Weight, kg 63.95 ± 11.13 59.12 ± 7.19 -4.83 (-11.00, 1.33) 0.121 

BMI, kg/m2 23.21 ± 4.04 21.93 ± 2.32 -1.28 (-3.44, 0.87) 0.235 

Running Experience (years) 8.88 ± 6.12 10.25 ± 7.53 1.37 (-3.27, 6.00) 0.553 

Running Mileage (miles/week) 15.12 ± 11.65 19.20 ± 14.48 4.08 (-4.80, 12.96) 0.357 

Symptom Duration (weeks) 70.35 ± 68.35 NA NA NA 

BMI, body mass index; cm, centimeters; kg, kilograms; m, meters; N, number; PFP, patellofemoral pain 
a Values are mean (95% confidence interval) (Independent t-test) 

Table 2. Between-group comparison of pain and self-reported measures.        

PFP Group 
(n=17) 

Healthy Control 
(n=20) 

Between-Group Differencea p- value r 

Pain Worst (NPRS) 3.35 ± 1.87 0.65 ± 1.66 2.73 (1.52, 3.88) <0.001 .62 

BPI-Pain Severity Score 1.90 ± 1.00 0.31 ± 0.90 1.58 (0.95, 2.22) <0.001 .65 

BPI-Pain Interference Score 0.63 ± 0.74 0.50 ± 0.19 0.58 (0.23, 0.93) 0.002 .50 

KOOS-PF 76.79 ± 7.62 98.98 ± 1.73 22.19 (18.63, 25.74) <0.001 .91 

UWRI 23.00 ± 3.92 34.40 ± 4.74 -11.40 (-14.34, -8.46) <0.001 .80 

BPI, Brief Pain Inventory; KOOS-PF, Knee injury and Osteoarthritis Outcome Score for Patellofemoral Pain and Osteoarthritis; n, number; NPRS, numeric pain rating scale; PFP, 
patellofemoral pain; UWRI, University of Wisconsin Running Injury and Recovery Index 
Boldface indicates large effect, r≥.5 
a Values are mean (95% confidence interval) (Independent t-test) 

1.208, p=0.235), years of running (t(35)= -.599, p=0.553), 
and average weekly running mileage (t(35)= -.933, p=0.357). 

Table 2 presents the between group comparison of pain 
and self-reported function. There was a significant differ-
ence between groups for worst pain (t(35)=4.655, p<0.001), 
pain severity score (t(35)=5.064, <0.001), and pain inter-
ference score (t(35)=3.365, p=0.002), with a large effect for 
worst pain (r=.619) and pain severity score (r=.650) and 
medium-to-large effect for pain interference score (r=.495). 
Significant and very large differences were found for the 
self-report functional outcomes of KOOS-PF (t(35)=12.676, 
p<0.001, r=.906)) and UWRI (t(35)=-7.882, <0.001, r=.800). 

For QST testing, a significant difference was found at all 
sites tested for pressure pain threshold between the PFP 
group and healthy controls (Table 3). A lower value on pres-
sure pain threshold is indicative of an increase in sensitiv-
ity of the tested structure. Both local (patellar retinaculum, 
patellar tendon, and central patella) and remote sites (mid-
portion quadriceps, distal tibia, and proximal tibia) were 
significantly different between groups with a medium to 
large effect sizes. No significant difference was detected for 
heat pain threshold (t(35)=-12.69, p=0.213), temporal sum-
mation (t(35)=-.544, p=0.590), or conditioned pain modula-
tion (t(35)=.230, p=0.819) between groups (Table 3). 

In terms of lower extremity functional performance as 
assessed via the YBT-LQ, no significant difference was 
found between groups for anterior reach distance, postero-
medial reach distance, posterolateral reach distance, or 

composite score (Table 4). A weak and non-significant rela-
tionship was found for YBT-LQ composite score and pres-
sure pain threshold at the central patella for the involved 
knee (r=-.310, p=0.227) and uninvolved knee (r=-.161, 
p=0.538). Additionally, a weak and non-significant relation-
ship was found for YBT-LQ composite score and pressure 
pain threshold at the central patella for the dominant knee 
(r=.292, p=0.211) and non-dominant knee (r=.253, p=0.281). 
A scatterplot summarizes the correlation results in Figure 1 
and 2. 

DISCUSSION 

Compared to healthy controls, female runners with chronic 
PFP symptoms exhibit signs of both peripheral sensitiza-
tion, via reduced pressure pain threshold to sites local to 
the knee, and central sensitization, as determined through 
reduced pressure pain threshold to remote sites in the 
lower extremities. These widespread findings of hypersen-
sitivity at remote sites from the involved knee is commonly 
interpreted as resulting from central sensitization.18,52,53 

The additional QST measures of heat pain threshold, tem-
poral summation, and conditioned pain modulation were 
not found to be significantly different between those with 
and without PFP symptoms. 

Primary hyperalgesia, a sign of peripheral sensitization, 
was indicated through the reduced pressure pain threshold 
at local structures of the involved knee, which in this study 
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Table 3. Between-group comparison of pressure pain threshold values, heat pain threshold, temporal            
summation, and conditioned pain modulation.      

PFP Group 
(n=17) 

Healthy 
Control 
(n=20) 

Between-Group 
Differencea 

p- 
value 

Effect 
Size 

Involved Distal Tibia PPT (kg) 7.26 ± 1.66 9.71 ± 2.39 -2.45 (-3.85, -1.05) .001 .51 

Uninvolved Distal Tibia PPT (kg) 7.71 ± 2.41 9.53 ± 2.05 -1.82 (-3.31, -0.33) .018 .39 

Involved Central Patella PPT (kg) 8.05 ± 2.31 11.64 ± 2.41 -3.59 (-5.17, -2.00) <.001 .61 

Uninvolved Central Patella PPT (kg) 8.86 ± 3.10 11.33 ± 2.57 -2.47 (-4.35, -0.578) .012 .41 

Involved Proximal Tibia PPT (kg) 7.13 ± 2.42 9.53 ± 1.95 -2.39 (-3.85, -0.93) .002 .49 

Uninvolved Proximal Tibia PPT (kg) 7.30 ± 2.32 8.97 ± 1.88 -1.67 (-3.08, -0.27) .021 .38 

Involved Patella Retinaculum PPT 
(kg) 

5.43 ± 1.55 7.21 ± 1.82 -1.78 (-2.92, -0.64) .003 .47 

Uninvolved Patella Retinaculum PPT 
(kg) 

5.41 ± 1.95 6.81 ± 1.45 -1.40 (-2.54, -0.27) .017 .39 

Involved Mid-Portion Quadriceps 
PPT (kg) 

5.32 ± 1.70 7.01 ± 1.82 -1.69 (-2.87, -0.52) .006 .44 

Uninvolved Mid-Portion Quadriceps 
PPT (kg) 

5.39 ± 1.52 6.69 ± 1.51 -1.30 (-2.31, -0.29) .013 .40 

Involved Patella Tendon PPT (kg) 10.74 ± 3.31 13.68 ± 2.76 -2.94 (-4.96, -0.92) .006 .45 

Uninvolved Patella Tendon PPT (kg) 11.19 ± 3.40 13.28 ± 2.64 -2.09 (-4.11, -0.08) .042 .34 

Heat Pain Threshold (°C) 44.67 ± 1.93 45.38 ± 1.47 -0.71 (-1.85, .425) .213 .12 

Temporal Summation (last-first)b 3.63 ± 2.23 3.99 ± 1.80 -0.36 (-1.70, 0.98) .590 .06 

Conditioned Pain Modulation (kg) 2.69 ± 2.39 2.55 ± 1.21 0.14 (-1.09, 1.37) .819 .02 

(Note: Dominant extremity used for comparison with involved extremity; non-dominant extremity used for comparison with uninvolved extremity) 
Key: C, Celsius; kg, kilograms; n, number; PPT, pressure pain threshold 
a Values are mean (95% confidence interval) (Independent t-test) 
b Defined as the pain rating difference between the last and first heat stimuli. 

Table 4. Between-group comparison of Y Balance Test-Lower Extremity scores.         

PFP Group 
(n=17) 

Healthy 
Control 
(n=20) 

Between-Group 
Differencea 

p- 
value 

Anterior Reach Side to Side Difference (cm) 2.83 ± 2.35 2.60 ± 2.76 0.22 (-1.51, 1.95) .794 

Posteromedial Reach Side to Side Difference 
(cm) 

2.65 ± 1.80 3.05 ± 3.19 -0.40 (-2.17, 1.37) .647 

Posterolateral Reach Side to Side Difference 
(cm) 

4.24 ± 3.56 4.15 ± 2.92 0.09 (-2.08, 2.25) .937 

Involved/Dominant Composite Score 98.68 ± 8.34 97.07 ± 8.69 1.61 (-4.11, 7.32) .571 

Uninvolved/Nondominant Composite Score 98.94 ± 9.19 96.91 ± 8.65 2.03 (-3.93, 7.99) .494 

Composite Score Percent Difference 97.06 ± 1.67 97.62 ± 2.46 -0.01 (-0.02, 0.01) .439 

Key: cm, centimeters; n, number 
a Values are mean (95% confidence interval) (Independent t-test) 

included the central patella, patella retinaculum, and 
patella tendon. Additionally, secondary hyperalgesia, a sign 
of central sensitization, was determined through the re-
duced pressure pain threshold values at remote sites from 
the involved knee, which included the involved and unin-
volved distal tibia, proximal tibia, and mid-portion quadri-
ceps, and uninvolved central patella, patella retinaculum, 
and patella tendon. Pressure pain threshold values were 
found to be significantly lower at all locations tested in 
both the involved and uninvolved lower extremities of the 

PFP group when compared to the healthy control group. 
This widespread hyperalgesia suggests that central sensiti-
zation may contribute to the chronic pain state in females 
with patellofemoral pain. Such nervous system sensitiza-
tion has been demonstrated in other lower extremity mus-
culoskeletal conditions such as osteoarthritis,54 patellar 
tendinopathy,55 and Achilles tendinopathy.56 

The results of this study are similar to findings from two 
recent systematic reviews and meta-analyses which found 
the presence of pain sensitization in patients with PFP as 
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Figure 1. Scatterplot of pressure pain threshold measures at the central patella versus the YBT-LQ composite               
score for subjects in the PFP group.        
kg, kilograms; PFP, patellofemoral pain; YBT-LQ, Y balance test-lower quarter 

Figure 2. Scatterplot of pressure pain threshold measures at the central patella versus the YBT-LQ composite               
score for subjects in the healthy control group.         
kg, kilograms; PFP, patellofemoral pain; YBT-LQ, Y balance test-lower quarter 

assessed with pressure pain threshold.57,58 A medium to 
large effect was found for decreased pressure pain thresh-
old at all sites, both local and remote, in female runners 
with chronic PFP. Conclusions from Bartholomew et al.57 

similarly noted a medium effect for pressure pain threshold 
local to the knee and small effect distal to the knee. Con-
trary to these findings, Rathleff et al.51 did not find evi-
dence for an impaired pain state in individuals with PFP 
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with pressure pain threshold measures. Rathleff et al51 in-
cluded both males and females in their study which may 
have affected their findings as females have been shown 
to exhibit lower pain thresholds (thermal and mechanical) 
as compared to males.59,60 Increased pain sensitivity in fe-
males may be suggestive of a less efficient endogenous pain 
mechanisms in females.61 More research is needed to help 
understand the link between sex and increased pain sensi-
tivity. 

Regarding heat pain threshold, temporal summation, 
and conditioned pain modulation, there were no significant 
differences found for these measures between females with 
chronic PFP symptoms and healthy controls. QST measures 
can provide information about the processing of sensory in-
puts and the facilitation or inhibition of the nervous sys-
tem.15 While differences were found in pressure pain 
threshold, a mechanical stimulus which targets A-delta 
fibers,24 the other QST measures did not achieve statistical 
significance between groups. Different QST tools are often 
used to assess different pain pathways. The lack of sig-
nificant findings, aside from pressure pain threshold, be-
tween groups may be explained by the lack of disability 
(via KOOS-PF scores) in the current study population or the 
fact that PFP symptoms may not necessarily affect all pain 
pathways. 

Heat pain threshold was not found to be different be-
tween groups in this study. This result is similar to two 
studies that compared heat pain threshold at the involved 
knee of subjects with PFP to both the uninvolved knee 
and healthy controls.28,29 Hence, differences in heat pain 
threshold may not be present in individuals with chronic 
PFP symptoms. Thermal sensory deficits in the painful re-
gion are commonly found in patients who present with 
neuropathic pain,62 and the lack of difference with thermal 
testing in this study may indicate that neuropathic pain 
symptoms were not prevalent in the this group of subjects 
with PFP. 

Temporal summation is another potential sign of central 
sensitization.48,63 Impaired temporal summation of pain 
levels have previously been demonstrated in individuals 
with fibromyalgia,48 osteoarthritis,64 temporomandibular 
disorder,65 and migraine headache.66 No significant differ-
ence was found between groups in temporal summation in 
this study. Two previous studies assessed temporal sum-
mation via cuff pressure in patients with PFP but reported 
conflicting results.27,67 Rathleff et al.67 found no between 
group difference in female subjects with PFP compared to 
pain-free controls, whereas Holden et al.27 reported a sig-
nificant difference in elevated temporal summation pain 
levels (effect sizes were not reported in either study). Simi-
lar to this study, Rathleff et al.67 included subjects with PFP 
of which 80% were currently involved in sports despite their 
pain. Perhaps maintaining an individual’s activity level may 
help to modulate this measure of central facilitation. Addi-
tionally, the elevated temporal summation levels reported 
by Holden et al.27 may be attributed to the high chronicity 
rate of subjects with PFP (subjects with a mean of 8 years 
duration of symptoms) compared to this study and Rathleff 

et al.67 Facilitated central pain mechanisms have been 
shown to worsen with a greater duration of symptoms.68 

Impaired conditioned pain modulation is indicative of 
impaired descending inhibition of pain. The inability of a 
noxious conditioning stimulus to increase pain thresholds 
may signify a potential deficiency in the body’s endogenous 
pain modulation system.67 No significant difference was 
found for conditioned pain modulation using cold water 
immersion between groups in this study. These findings 
are similar to those published on individuals with PFP by 
Rathleff et al.51 who also used cold water immersion for 
the conditioned stimulus, but in contrast to the results 
of Rathleff et al.67 and Holden et al.27 who did find im-
paired conditioned pain modulation utilizing cuff pressure 
as the conditioned stimulus. The differences in methodol-
ogy of the noxious conditioning stimulus may explain the 
inconsistent findings for impaired conditioned pain modu-
lation in patients with PFP. Oono et al.69 found that con-
ditioned pain modulation paradigms with different noxious 
stimuli may yield different results.51 Less efficient condi-
tioned pain modulation has been reported in other chronic 
musculoskeletal pain conditions such as chronic low back 
pain,70 neck pain,71 and temporomandibular disorders.72 

This study found no difference in conditioned pain modula-
tion, which may have been offset by the high level of phys-
ical activity of the participants with PFP. Engagement in 
cardiovascular exercise and knee-loading activity may help 
minimize impairments in descending pain inhibition. 

There was a significant difference in pain rating between 
a group of healthy controls and subjects with chronic PFP, 
which was expected as the inclusion criteria consisted of a 
minimum pain rating at worst of 3/10 on the NPRS. Addi-
tionally, the BPI pain severity score and BPI pain interfer-
ence score were significantly worse in the PFP group. These 
differences between groups suggest indirect evidence of a 
relationship between subjective pain rating and functional 
scores. Both the KOOS-PF and UWRI, subjective measures 
of functional ability, demonstrated significant differences 
between groups. Even though the subjects with chronic PFP 
symptoms continued to engage in running activity, their 
scores on these scales reflect measurable impaired func-
tion. A large effect for KOOS-PF and UWRI were found be-
tween groups. 

A secondary objective of this study was to determine 
if there is an association between a dynamic lower ex-
tremity functional performance measure and quantitative 
measures of pain. The YBT-LQ was included as a measure 
of functional performance due to its ease of application, 
good test-retest reliability, and applicability to the athletic 
population, in addition to being positively correlated with 
hip abduction strength.46 Decreased hip force production, 
including hip abduction) has been demonstrated in indi-
viduals with PFP.5 Since the only significant measure be-
tween groups was pressure pain threshold, functional per-
formance on the YBT-LQ was compared with pressure pain 
threshold values at the central patella. The central patella 
location was the predominant location of pain in the PFP 
group and exhibited the largest effect size. No significant 
association was found between YBT-LQ anterior reach and 
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pressure pain threshold values at the center patella in ei-
ther group. For correlation between pressure pain threshold 
at the central patella and YBT-LQ scores, there was a neg-
ative correlation for subjects in the PFP group and a pos-
itive correlation for the subjects in the heathy group. The 
YBT-LQ may not be effective in identifying movement dys-
function in subjects with chronic PFP symptoms. Further 
research is need to better understand the influence of pain 
on movement. 

There was also no significant difference in reach distance 
or composite score between the PFP and healthy control 
groups. Although the YBT-LQ was designed to predict lower 
extremity injury,73 this test was not able to discriminate 
between female runners with and without PFP symptoms. 
For the anterior reach portion on the YBT-LQ, there was a 
lack of significant difference between groups. In addition, 
the mean anterior reach difference between sides was less 
than 3cm for both groups in this study. The lack of a signif-
icant difference and clinically meaningful difference in the 
anterior reach portion of the YBT between the PFP group 
and healthy control may be explained by the fact that the 
knee pain may not have been high enough to contribute to 
alterations in lower extremity functional movement. 

Limitations of this study include the small sample size 
and lack of pressure pain threshold assessment outside of 
the lower extremity. Three subjects with PFP were excluded 
from data analysis due to a history of prior knee surgery, 
which affected the overall sample size in this study. Due 
to the potential structural changes from the surgery and 
possibility that their knee symptoms may be related to 
their surgery, it was determined post hoc to exclude them 
from analysis. Heat pain threshold was not assessed outside 
of the local site of pain. A standardized temperature for 
temporal summation testing was utilized for all subjects, 
whereas an individually determined value for peak temper-
ature in the temporal summation test may have provided 
different results. Formally assessing strength of the lower 

extremity via hand held dynamometry or isokinetics, may 
have yielded better insight on the strength of the lower ex-
tremity musculature as opposed to the YBT-LQ. Other func-
tional performance tools should be considered in future 
investigations to help determine if subjects with chronic 
musculoskeletal present with impaired movement patterns. 

CONCLUSION 

The findings of this study provide additional evidence for 
the use of pressure pain threshold to help determine the 
presence of signs of peripheral and central sensitization in 
individuals with chronic PFP. Physical therapy management 
may need to consider interventions which address the signs 
of central sensitization in order to achieve optimal out-
comes and recovery. Future studies should focus on investi-
gating what interventions may lead to favorable changes in 
nervous system sensitization specifically for runners with 
chronic knee pain complaints. 

Female runners with chronic PFP exhibit signs of both 
peripheral and central sensitization through pressure pain 
threshold testing. However, the presence of impaired cen-
tral pain facilitation and descending pain inhibition were 
not evident in a population of active female runners with 
chronic PFP symptoms. Thus, interventions to address the 
nervous system sensitization may be needed in some pa-
tients in order to achieve optimal outcomes. 
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Background  
Hip Disability and Osteoarthritis Outcome Score (HOOS), HOOS-Joint Replacement (JR), 
HOOS Physical Function (PS), and HOOS-12 item scale have been suggested as reliable 
and valid instruments for assessing hip disability. However, factorial validity, invariance 
across subgroups, and repeated measures of the scale across different populations have 
not been well supported in the literature. 

Purpose  
The primary study objectives were to: (1) assess model fit and psychometric properties of 
the original 40-item HOOS scale, (2) assess model fit of the HOOS-JR, (3) assess model fit 
of the HOOS-PS, and (4) assess model fit of the HOOS-12. A secondary objective was to 
perform multigroup invariance testing across physical activity level and hip pathology 
subgroups for models that met recommended fit indices. 

Study Design   
Cross-Sectional Study 

Methods  
Individual confirmatory factor analyses (CFAs) were conducted for the HOOS, HOOS-JR, 
HOOS-PS, and HOOS-12. Additionally, multigroup invariance testing (i.e., activity level, 
injury type) was conducted on the HOOS-JR and HOOS-PS. 

Results  
Model fit indices did not meet contemporary recommendations for the HOOS and the 
HOOS-12. Model fit indices for the HOOS-JR and the HOOS-PS met some, but not all, 
contemporary recommendations. Invariance criteria was met for the HOOS-JR and 
HOOS-PS. 

Conclusion  
The scale structure of the HOOS and HOOS-12 were not supported; however, preliminary 
evidence to support the scale structure of the HOOS-JR and HOOS-PS was found. 
Clinicians and researchers who utilize the scales should do so with caution due to their 
limitations and untested properties until further research establishes the full 
psychometric properties of these scales and recommendations for their continued use. 
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INTRODUCTION 

Hip osteoarthritis (OA) is a debilitating degenerative joint 
disorder that leads individuals to experience a multitude 
of symptoms including pain, disability in daily activity, re-
duced independence and quality of life (QoL).1,2 With the 
multifaceted nature of hip OA on the rise, there is a need for 
a valid multidimensional (i.e., not specific to body location 
or injury) scale to adequately assess constructs across var-
ied sub-populations.3–6 Although several region-specific 
instruments (e.g., Lower Extremity Functional Scale) ex-
ist,3,4 the majority of patient-reported outcome (PRO) mea-
sures for the hip joint primarily measure recovery following 
a total hip arthroplasty (THA) due to hip OA. Thus, many 
scales may not sufficiently assess all the relevant dimen-
sions associated with OA (e.g., QoL), other pathologies, nor 
may be applicable to certain sub-populations (e.g., individ-
uals who have not had a total hip replacement, younger 
active individuals, etc.). Additionally, some scales place an 
excessive response burden on patients and clinicians due to 
item redundancy, excessive number of items, or inclusion 
of items with inappropriate difficulty.7 To adequately ad-
dress these concerns, the Hip Disability and Osteoarthritis 
Score (HOOS) scale was developed.8–11 

The HOOS consists of 40 items used to assess five di-
mensions: pain (10 items); other symptoms (five items); 
function in daily living (activities of daily living [ADL]; 17 
items), function in sport and recreation (Sport/Rec; four 
items); and hip-related QoL (four items).7,10,12 The HOOS 
can be used over both short-term and long-term intervals. 
For example, the HOOS can be used to evaluate changes 
from week-to-week, as produced by treatments such as 
medication, operation, or physical therapy, or to evaluate 
changes over years as a result of the primary injury or post-
traumatic OA.7,12 The HOOS is primarily intended to eval-
uate functional limitations and symptoms related to hip 
pathology or disability, with or without OA.7 The HOOS has 
been studied in relatively small sample sizes (n < 200) of 
adults aged 42-85,1,7,10,13 and in patients who have either 
been diagnosed with hip OA or who have received a THA 
due to OA.7,14 The HOOS, has not been extensively stud-
ied in healthy or younger populations, or in patients with-
out hip OA. Additionally, the psychometric properties of 
the HOOS have not been established between groups (e.g., 
sex, different pathologies) or across patient visits (e.g., in-
take, discharge) using invariance testing. 
In addition to the original 40-item HOOS, there have 

been several short-form versions created: the HOOS-JR 
(Joint Replacement), multiple HOOS-PS versions (Physical 
Function Short-Form), and the HOOS-12 item scale. The 
short-form versions were developed using items from dif-
ferent subdimensions of the original 40-item HOOS instru-
ment, and have been studied in patients who have under-
gone THA.10,15,16 The HOOS-JR includes six items from 
the original HOOS: two items from pain subscale, and four 
items from the function in daily living subscale.16 One ver-
sion of the HOOS-PS includes three items from the subscale 
function in daily living and two items from the Sport/Rec 
subscale10; whereas, other versions of the HOOS-PS in-

clude additional items (i.e., as many as seven items).13 Be-
cause the HOOS-JR and HOOS-PS only provide a summary 
score and assess a single dimension,10,17 the HOOS-12 
short-form was developed to assess multiple dimen-
sions.15,17 

The HOOS-12 was created by developing an item bank 
using item response theory modeling, confirmatory factor 
analysis (CFA) procedures, and computerized adaptive test 
(CAT) simulations.17 The item bank consisted of a set of 
items, taken from the original HOOS questions, that were 
identified to measure the same domain and parameters.17 

Individual CFAs were then performed on the individual 
constructs (i.e., pain, function, QoL) to verify that each 
item was unidimensional.17 Following development of the 
item bank, CAT simulations were used to reduce the bank 
to include the fewest, yet most informative, items measur-
ing each domain.17 The final version of the HOOS-12 con-
sisted of three constructs (pain, function, and QoL), that in-
clude four items from each of the subscales of the original 
HOOS.15,17 

Psychometric examination of the HOOS and short-form 
versions have primarily focused on the construct validity, 
reliability, and responsiveness of the instrument. Construct 
validity has been established by correlating scores (i.e., 
Spearman’s Correlation Coefficient) on the HOOS with the 
Short Form (SF)-36, which was intended to measure similar 
constructs within the HOOS (i.e., physical function vs. 
ADLs, physical function vs. sport and recreation, and bodily 
pain vs. pain), where low to moderate correlations (r = 
0.49-0.66) were found.7,18 Lower correlations were iden-
tified among the HOOS and SF-36 constructs measuring 
mental health, whereas higher correlations were found be-
tween physical health constructs.7,19 Internal consistency, 
or the assessment of homogeneity of the items, was as-
sessed by interpreting Cronbach’s alpha values, values 
ranging from > .70 to ≤ .90 have been recommended.20–22 

For the HOOS, Cronbach’s alpha values have ranged from 
0.75 to 0.98 across multiple studies13,18,23; high values 
(i.e., >.90) may be indicative of potential issues (e.g., of 
item redundancy, construct underrepresentation, inclusion 
of too many items, etc.).21,24–26 Test-retest reliability has 
also been assessed and values found have ranged from good 
to excellent (ICC = 0.75 to 0.97).13,18,23 Finally, respon-
siveness to the 40-item HOOS has been assessed using the 
standardized response mean (SRM); researchers report a 
high response rate (SRM = > .80) when compared to the 
Western Ontario and MacMaster Universities Osteoarthritis 
Index LK 3.0.7 

The HOOS-JR and HOOS-12 have been reported to have 
acceptable internal consistency (0.70-0.92),15,16 and high 
responsiveness (0.80).16 External validity assessed using 
Spearman’s Correlation Coefficient of the HOOS-JR has 
been reported to be acceptable with moderate to high cor-
relations with the HOOS subscales (0.60-0.94)15,16 and the 
HOOS-PS (0.81-0.86).16 The HOOS-12 was also highly cor-
related with the HOOS (r = 0.75-0.94).15 The HOOS-JR, 
HOOS-PS, and HOOS-12 are all considered to be reliable 
(Cronbach’s alpha = 0.77-0.92).15 
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Although the HOOS, HOOS-JR, HOOS-PS, and HOOS-12 
have been suggested as reliable and valid instruments, fac-
torial validity, invariance across subgroups, and repeated 
testing of the scales across different time points (i.e., lon-
gitudinal invariance) have not been well supported in the 
literature. Additionally, complete psychometric analysis of 
the HOOS and the short-form versions of the scale to en-
sure the instrument can be used in clinical practice and 
research have not been completed. Conducting a CFA to 
examine the factor structure of the proposed scales (i.e., 
HOOS, HOOS-JR, HOOS-PS, HOOS-12) and conducting 
CFA-based invariance testing to explore measurement 
properties of the scale across subgroups of the population 
(e.g., sex, physical activity levels, etc.), stages or types of 
musculoskeletal injury (i.e., healthy, acute, sub-acute, per-
sistent, and chronic), and across time (i.e., intake, dis-
charge) are warranted prior to adoption of a model for 
practice and research.26,27 Establishing measurement prop-
erties through invariance testing ensures that the inter-
pretations between groups or across time are valid and 
reliable.20,27 Additionally, identifying a meaningful factor 
structure via CFA procedures enhances the rigor of psycho-
metric examination of an instrument’s measurement prop-
erties.20,27 

Researchers have performed CFAs on the individual con-
structs (i.e., pain, function) proposed in the original 
HOOS17: some model fit recommendations for the pain and 
function constructs were met (CFI = 0.97-0.99, TLI = 
0.97-0.98), while other construct fit indices did not meet 
recommendations (i.e., RMSEA = 0.14-0.19).17 However, no 
assessment of the complete model structure, nor results 
from invariance testing have appeared in the literature to 
date. Thus, there exists need for additional assessment of 
the measurement properties of the HOOS and the proposed 
short form versions of the scale. Therefore, the primary 
purposes of this study were to: (1) assess the model fit of 
the original HOOS scale using a diverse sample to examine 
its psychometric properties, (2) assess the model fit of the 
HOOS-JR, (3) assess the model fit of the HOOS-PS, and (4) 
assess the model fit of the HOOS-12. The secondary pur-
pose, if model fit held, was to perform multigroup invari-
ance testing of the scale across physical activity level and 
hip pathology subgroups. 

METHODS 
PARTICIPANTS 

After institutional review board approval (19-142), in-
formed consent was obtained from all participants prior to 
data collection. Participants between the ages of 18 and 65 
were recruited through social media (i.e., Facebook), email, 
and ResearchMatch. Participants self-reported their phys-
ical activity (i.e., inactive, low-, moderate-, high-activity), 
injury status (e.g., healthy, acute injury), and athlete level 
(e.g., competitive athlete, recreational athlete) classifica-
tion (Table 1). 
Social media recruitment was performed by providing 

study information (e.g., purpose of the study, inclusion/ex-
clusion criteria, estimated survey duration) and a link to 

the survey on multiple Facebook pages.28 Email recruit-
ment was performed by emailing the same study details 
from the social media recruitment and a separate survey 
link to a convenience sample of coaches (NCAA and recre-
ational sports teams), athletic trainers, and ROTC officers 
across different higher education institutions, requesting 
the survey email to be shared with their athletes, patients, 
or cadets. 
ResearchMatch was utilized as an additional online 

email recruitment tool. Searches of the ResearchMatch 
database were performed to identify potential participants 
(i.e., participants that were healthy, diagnosed with hip os-
teoarthritis, individuals who had undergone a THA, and 
those who had sustained a lower extremity musculoskeletal 
injury). Members of the database who fit the search criteria 
were recruited for this study per ResearchMatch protocol. 
Potential participants were identified and emailed invita-
tions for study participation. If the participant voluntarily 
consented to participate, a follow-up email was sent to the 
individual containing a link to the survey. 

INSTRUMENTATION 

Qualtrics (Qualtrics, LLC, Provo, UT) software was utilized 
to create an electronic survey via a weblink. The survey re-
sponses were collected directly into Qualtrics. Information 
collected included demographic information (e.g., age, sex, 
physical activity level) and responses to the items of the 
HOOS. 

HIP DISABILITY AND OSTEOARTHRITIS OUTCOME SCALE 

The HOOS asks participants to rate how frequently they en-
gaged in the behaviors over the past week using a 5-point 
Likert scale (1 = none/not at all/never, 2 = rarely/mild/
monthly, 3 = sometimes/moderately/weekly, 4 = often/se-
vere/daily, and 5 = extreme/always). Items were summed to 
create a score for each subscale, and global HOOS score, 
where 0 indicated extreme problems and 100 indicated no 
problems.7,12 

DATA ANALYSIS 

Data were exported from the Qualtrics software and down-
loaded using Statistical Package for Social Sciences Version 
24.0 (IBM Corp., Armonk, NY). Missing data were treated 
conservatively and any participant’s data missing more 
than 10% of the responses on the HOOS (i.e., four or more 
missing responses) was removed from the data set.26 Indi-
viduals missing less than 10% (i.e., three items or less) of 
the items within the HOOS were replaced with the mean 
score of the respective item for analysis purposes.26 Par-
ticipants with missing demographic data were not excluded 
from analysis and were left as missing values. Data were as-
sessed for normality using z-scores, skewness, and kurto-
sis values. Multivariate outliers were also identified using 
descriptive statistics and Mahalanobis distance, the cut-off 
value was for 5 degrees of freedom at a p-value of 0.001, 
was 15.089.26,29 This methodology generated the final data 
set used for analysis. 
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Table 1. Terminology and Definitions    

Terminology Definition 

Physically 
Active4 

“An individual who engages in athletic, recreational, or occupational activities that require physical skills and 
who uses strength, power, endurance, speed, flexibility, range of motion, or agility at least 3 days/week.” 

Injury 
Classification4 

Healthy “Free from musculoskeletal injury and fully able to participate in sport or activity.” 

Acute Injury “A musculoskeletal injury that precludes full participation in sport or activity for at least 2 consecutive days 
(0–72 hours post-injury).” 

Subacute 
Injury 

“A musculoskeletal injury that precludes full participation in sport or activity for at least 2 consecutive days (3 
days to 1-month post-injury).” 

Persistent 
Pain 

“A musculoskeletal injury that has been symptomatic for at least 1 month.” 

Chronic Pain "Pain that consistently does not get any better with routine treatment or nonnarcotic medication.” 

Athlete Level4 

Competitive 
athlete 

"A participant who engages in a sport activity that requires at least 1 preparticipation examination, regular 
attendance at scheduled practices and/or conditioning sessions, and a coach who leads practices and/or 
competitions." 

Recreational 
athlete 

"A participant who meets the criteria for physical activity and participates in sport but does not meet the criteria 
for competitive status." 

Occupational 
athlete 

"A participant who meets the criteria for physical activity for occupation or recreation but does not meet the 
criteria." 

Physically 
active in ADLs 

"A participant who does not meet the criteria for any athlete category but who is physically active through daily 
activities (e.g., physically active for at least 30 min/day for 3 days/week)." 

ADL = Activities of daily living 

SCALE STRUCTURE 

The final data set was used to conduct a CFA using Analysis 
of Moment Structures (AMOS) software (IBM Corp., Ar-
monk, NY) on the 40-item HOOS and associated subscales. 
Consistent with the original proposed model, the HOOS 
scale was specified as a five factor, 40-item model.12 Addi-
tionally, the HOOS-JR was specified as a one factor, 6-item 
model, the HOOS-PS was specified as a one factor, 5-item 
model, and the HOOS-12 was specified as a three factor, 
12-item model. Given the subscales were created using 
items from the 40-item HOOS, the original item number 
labels were retained from the HOOS during the CFA pro-
cedures.10,15–17 Full Information Maximum Likelihood Es-
timation was used to generate the parameter estimates. 
Model fit statistics included the likelihood ratio statistic 
(CMIN), Goodness of Fit Index (GFI), Comparative Fit Index 
(CFI), Tucker-Lewis Index (TLI), Bollen’s Incremental Fit 
Index (IFI), and Root Mean Square Error of Approximation 
(RMSEA).26 Model fit was evaluated based on a priori val-
ues: GFI ≥ 0.95, CFI ≥ 0.95, TLI ≥ 0.95, RMSEA ≤ 0.06, IFI; ≥ 
0.95.26,30 Latent construct correlations and path coefficient 
values with R2 ≥ 0.90 were used to identify potential mul-
ticollinearity among the latent constructs, which indicates 
that item removal within a potential dimension might be 
beneficial to prevent model misspecification.31,32 

MULTIGROUP INVARIANCE TESTING 

Confirmatory factor analysis invariance testing was con-
ducted if recommended model fit criteria were met to de-
termine if the association between the latent constructs 

(i.e., symptoms, pain, function, QoL) and the respective 
items were stable and equal across groups.26,31,33 This was 
accomplished using a set of hierarchical procedures with 
an increasing level of constraint.26,31,33 Individual CFAs 
were first conducted by subgroup category (i.e., activity 
level, injury type), ensuring the construct and factors (e.g., 
pain, function, symptoms) were measuring what was in-
tended.31,33 The model then underwent configural, metric, 
and scalar invariance testing.31–33 First, the configural in-
variance test placed all groups in the same model to ensure 
the same factors have similar items across subgroups. Sec-
ondly, the metric model then tested if factor loadings were 
equal across subgroups.32 If the model met metric invari-
ance requirements, equal variances (i.e., group differences) 
between groups were then assessed.32 Lastly, the scalar in-
variance test ensured that item intercepts were equal across 
groups, which indicated the means were not determined or 
altered by external factors.32 If the model met scalar invari-
ance requirements, equal mean models (i.e., score differ-
ences) were tested between groups.32 

Model fit was compared using the CFI difference test 
(CFIDIFF) and the chi-square difference test (χ2DIFF), with 
a p-value cut-off of 0.01.30,33 Given the sensitivity of the 
χ2DIFF test to sample size,30 the CFIDIFF test held greater 
weight in decisions regarding invariance testing model fit. 
If a model exceeded the χ2DIFF test, but met the CFIDIFF 
test, invariance testing continued. Specifically, the HOOS-
PS and HOOS-JR underwent invariance testing across phys-
ical activity level (i.e., inactive, low, medium, high) and 
injury type (i.e., hip OA and THA pathology, no hip pathol-
ogy). 
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Table 2. Demographics  

Frequency (%)a 

Sex 

Males 169 (25.8) 

Females 481 (73.4) 

Injury Classification 127 (19.4) 

Healthy 453 (69.0) 

Acute Injury 13 (2.0) 

Subacute Injury 12 (2.0) 

Persistent Injury 79 (15.0) 

Chronic Injury 98 (15.0) 

Activity Level 

Inactive 4 (6.1) 

Low 225 (34.4) 

Medium 276 (42.1) 

High 113 (17.3) 

Athlete Level 

Competitive athlete 31 (4.7) 

Recreational athlete 198 (32.2) 

Occupational athlete 127 (19.4) 

Physically active in ADLs 122 (18.6) 

a The sum does not equal 100% because percentages were rounded 

RESULTS 

Among the total responses (ResearchMatch = 487; social 
media = 370; total = 857), 149 participants were missing re-
sponses to more than 10% of the HOOS items and most of 
the demographic items. Thus, information could not be ver-
ified (e.g., sex, injury status) and these responses were re-
moved from the dataset. Three individuals were missing re-
sponses to less than 10% of the HOOS; the missing values 
for those participants were replaced with the rounded mean 
for each item missing. Additionally, 53 (6.18%) participants 
reported scores that were identified as univariate (z scores 
≥ 3.4) or multivariate (Mahalanobis distance ≥ 15.089) out-
liers and were removed from the dataset.29,34 Of the par-
ticipants removed, all injury categories (i.e., healthy, acute, 
persistent, chronic) and both sexes were represented. A 
total of 655 participants (i.e., social media/email: n= 247 
[37.7%]; ResearchMatch: n = 408 [62.3%]) were included in 
the final data set (mean age = 38.93 ± 15.05 yrs.; mean 
weight = 165.42 ± 41.99 lbs.; Table 2). Participants self-re-
ported their injury status and level of activity. The sample 
primarily included healthy participants (i.e., free of mus-
culoskeletal injury; n = 453, 69%; Table 2), and the largest 
physically active response group indicated a level of moder-
ate activity (n = 276, 42.1%; Table 2). Respondents reported 
participation in a variety of sports (Table 3) and a variety of 
injury locations (Table 4). 

Table 3. Participant – Reported Sport Activities      

Sport Frequency 
(%)a 

Track and Field 6 (0.9) 

Basketball 2 (0.3) 

Baseball 1 (0.2) 

Volleyball 2 (0.3) 

Soccer 8 (1.2) 

Tennis 3 (0.5) 

Golf 5 (0.5) 

Swim and Dive 1 (0.2) 

Rowing 60 (9.2) 

Climbing 12 (1.8) 

Rodeo 1 (0.2) 

Running 6 (0.9) 

Cycling 4 (0.6) 

Hiking/Backpacking 1 (0.2) 

Weightlifting 7 (1.1) 

Other (e.g., yoga, walking, exercise classes, 
dance, body surfing) 

18 (2.7) 

a The sum does not equal 100% because percentages were rounded 

Table 4. Patient – Reported Injury Locations      

Injury Location Frequency (%)a 

Head/neck 7 (1.1) 

Shoulder/arm 1 (0.2) 

Elbow/forearm 1 (0.2) 

Wrist/hand 5 (0.8) 

Trunk/thoracic spine 5 (0.8) 

Low back/pelvis 46 (7.0) 

Hip/thigh 67 (10.2) 

Knee/leg 36 (5.5) 

Ankle/foot 18 (2.7) 

Other 6 (0.9) 

Not Reported 453 (69.2) 

a The sum does not equal 100% because percentages were rounded 

SCALE STRUCTURE OF THE HOOS SCALE 

The proposed CFA model of the HOOS did not meet con-
temporary fit recommendations (CFI = 0.847; TLI = 0.836; 
IFI = 0.847; RMSEA = 0.098; Figure 1). Correlations between 
the first-order latent constructs (e.g., symptoms and pain) 
were high (0.80-0.96; Figure 1). Modification indices indi-
cated a number of meaningful cross-loadings between sev-
eral items (e.g., item 6 and item 37 [134.58]) were pre-
sent.26 Additionally, modification indices revealed the 
incorporation of error correlations amongst several items 
(e.g., item 24 [putting on socks/stockings] and 26 [taking 
off socks/stockings; 344.25]) would improve model fit (CFI 
= 0.934; TLI = 0.927; IFI = 0.934; RMSEA = 0.065). 
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Figure 1. The Hip Dysfunction and Osteoarthritis Score (HOOS) scale hierarchical confirmatory factor analysis             
measurement model with standardized loadings (n = 656).         
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Figure 2. The HOOS-JR scale hierarchical confirmatory factor analysis measurement model with standardized            
loadings (n = 656).     

SCALE STRUCTURE OF THE HOOS-JR SCALE 

The CFA model fit indices of the HOOS-JR met some, but 
not all contemporary recommendations (CFI = 0.965; TLI 
= 0.941; IFI = 0.965; RMSEA = 0.133; Figure 2); however, 
CFI and IFI values exceeded recommendations and loadings 
were statistically significant (p < 0.001; Figure 2). Modifi-
cation indices revealed the incorporation of error correla-
tions between two items (i.e., item 10 [going up or down 
stairs] and 15 [walking on an uneven surface; 69.57] would 
improve model fit (CFI = 0.994; TLI = 0.988; IFI = 0.994; RM-
SEA = 0.059). 

SCALE STRUCTURE OF THE HOOS-PS SCALE 

The CFA model fit indices of the HOOS-PS met some, but 
not all, contemporary recommendations (CFI = 0.967; TLI = 
0.933; IFI = 0.967; RMSEA = 0.137; Figure 3); loadings were 
statistically significant (p < 0.001; Figure 3). Modification 
indices revealed that the incorporation of error correlations 
between two items (i.e., item 16 [descending stairs] and 15 
[getting in and out of the bath; 28.90] would improve model 
fit (CFI = 0.986; TLI = 0.966; IFI = 0.986; RMSEA = 0.098). 

SCALE STRUCTURE OF THE HOOS-12 SCALE 

The CFA model fit indices of the HOOS-12 did not meet 
contemporary recommendations (CFI = 0.906; TLI = 0.878; 
IFI = 0.906; RMSEA = 0.147; Figure 4). Correlations between 
the first-order latent constructs (e.g., pain and function) 
were particularly high (0.84-0.98) (Figure 4). Modification 
indices indicated meaningful cross-loadings between sev-
eral items (e.g., item 6 and item 37; 57.77) and constructs 
(e.g., error 37 and pain; 43.34).26 Additionally, modification 
indices revealed the incorporation of error correlations be-
tween several items (i.e., item 6 [how often is your hip 
pain] and 37 [how often are you aware of your hip problem; 

218.42]) would improve model fit (CFI = 0.976; TLI = 0.965; 
IFI = 0.976; RMSEA = 0.079). 

MULTIGROUP INVARIANCE TESTING ACROSS INJURY 
SUBGROUP FOR THE HOOS-JR AND HOOS-PS 

Given that several model fit indices met recommended fit 
criteria for the HOOS-JR (i.e., CFI, IFI) and the HOOS-
PS (i.e., CFI, TLI), multigroup invariance testing was per-
formed across two subgroups: a hip pathology group (i.e., 
those diagnosed with hip OA and/or those who underwent 
a THA) and a non-hip pathology group. The analyses were 
conducted on the hip pathology group (n = 48; CFI = 0.940), 
along with a random sample of those who had no self-re-
ported hip pathology (n = 94; CFI = 0.954). 
For the HOOS-JR, the initial model (configural) met 

some recommended model fit indices (CFI = 0.95; χ2 = 
48.01; TLI = 0.914; IFI = 0.95; RMSEA = 0.067; Table 5), 
indicating equal form between groups on the one factor, 
6-item model. The metric model (i.e., equal loadings) 
passed both the CFIDIFF and the χ2DIFF tests, which war-
ranted testing of equal latent variances. After constraining 
the variances to be equal, the metric model did not pass 
the CFIDIFF or the χ

2
DIFF test, indicating variances were 

not equal between groups. When variances were not con-
strained to be equal, the hip pathology group reported 
scores with more variance compared to the group without 
a hip pathology. The scalar model (i.e., equal loadings and 
intercepts) also passed both the CFIDIFF and the χ2DIFF 
tests (Table 5), which warranted assessment of the equal 
means. When the means were constrained to be equal, the 
model did not pass the CFIDIFF or the χ

2
DIFF tests (Table 

5), which indicated differences in means between scores. 
When means were not constrained to be equal, the hip 
pathology group reported higher mean scores (i.e., more 
hip dysfunction) than the group without a hip pathology. 
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Figure 3. The HOOS-PS hierarchical confirmatory factor analysis measurement model with standardized           
loadings (n = 656).     

Figure 4. The HOOS-12 item scale hierarchical confirmatory factor analysis measurement model with            
standardized loadings (n = 656).      

For the HOOS-PS, the initial model (configural) met 
some, but not all, model fit indices (CFI = 0.948; χ2 = 48.01; 
TLI = 0.88; IFI = 0.942 RMSEA = 0.13; Table 6). The metric 
model (i.e., equal loadings) did not pass the CFIDIFF or the 

χ2DIFF tests, which indicated that the meaning of the items 
was not the same across groups. As such, further explo-
ration of the multigroup invariance testing procedures was 
not warranted on the HOOS-PS. 
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Table 5. Goodness-of-fit indices for Multi-Group Invariance across Hip Pathology         

HOOS-JR χ 2 df χ2
diff (dfdiff) CFI CFIdiff TLI RMSEA 

OA/THR (n = 48) 23.256 9 ---- 0.94 ---- 0.9 0.184 

No Hip Pathology (n = 92) 24.684 9 ---- 0.954 ---- 0.924 0.138 

Configural (equal form) 48.01 18 ---- 0.948 ---- 0.914 0.11 

Metric (equal loadings) 59.317 23 11.307 (5) 0.938 0.01 0.919 0.107 

Equal factor variances* 66.9 24 18.89 (6) 0.926 0.022 0.908 0.114 

Scalar (equal indicator intercepts) 65.079 28 17.069 (10) 0.936 0.01 0.932 0.098 

Equal latent means* 108.187 29 60.177 (11) 0.864 0.084 0.859 0.141 

* = Substantive questions; Bolded = did not meet cuff off criteria 

Table 6. Goodness-of-fit indices for Multi-Group Invariance across Hip Pathology         

HOOS - PS χ 2 df χ2
diff (dfdiff) CFI CFIdiff TLI RMSEA 

OA/THR (n = 48) 15.06 5 ---- 0.94 ---- 0.87 0.21 

No Hip Pathology (n = 92) 18.14 5 ---- 0.94 ---- 0.89 0.17 

Configural (equal form) 33.24 10 ---- 0.94 ---- 0.88 0.13 

Metric (equal loadings) 45.32 14 12.08 (4) 0.919 0.02 0.885 0.13 

Equal factor variances* 62.50 15 29.26 (5) 0.877 0.06 0.837 0.15 

Scalar (equal indicator intercepts) 50.86 18 17.62 (8) 0.915 0.025 0.906 0.12 

Equal latent means* 94.95 19 61.71 (9) 0.804 0.14 0.795 0.17 

* = Substantive questions; Bolded = did not meet cuff off criteria 

MULTIGROUP INVARIANCE TESTING ACROSS ACTIVITY 
LEVEL SUBGROUPS FOR THE HOOS-JR AND THE HOOS-
PS 

For the HOOS-JR, the initial model (configural) met some 
recommended model fit indices (0.95; χ2 = 171.91; TLI = 
0.92; IFI = 0.95; RMSEA = .076; Table 7), which indicated 
equal form between groups on the one factor, 6-item 
model. The metric model (i.e., equal loadings) passed both 
the CFIDIFF and the χ2DIFF tests, which warranted testing of 
equal latent variances. After constraining the variances to 
be equal, the metric model did not pass the CFIDIFF or the 
χ2DIFF test which indicated variances were not equal be-
tween groups. When variances were not constrained to be 
equal, the inactive group reported scores with more vari-
ance compared to the other three groups. The scalar model 
(i.e., equal loadings and intercepts) also passed both the 
CFIDIFF and the χ2DIFF tests (Table 7), which warranted as-
sessment of the equal means. When the means were con-
strained to be equal, the model did not pass the CFIDIFF 
or the χ2DIFF tests (Table 7), which indicated differences in 
means between scores. When means were not constrained 
to be equal, the inactive group reported higher mean scores 
(i.e., more hip dysfunction) than the active groups. 
For the HOOS-PS, the initial model (configural) met 

model fit indices (CFI= 0.97; χ2 = 79.03; TLI = 0.93; IFI = 
0.97; RMSEA = 0.067; Table 8), which indicated equal form 
of the one factor, 5-item model between groups. The met-
ric model (i.e., equal loadings) passed both the CFIDIFF and 
the χ2DIFF test, which warranted testing of equal latent 
variances. After constraining the variances to be equal, the 

model did not pass the CFIDIFF or the χ
2
DIFF test, which in-

dicated differences in variance between groups. When vari-
ances were not constrained to be equal, the inactive group 
reported more variance in scores than the active groups 
(i.e., low-, moderate-, and high activity). The scalar model 
(i.e., equal loadings and intercepts) also passed both the 
CFIDIFF and the χ2DIFF tests (Table 8), which warranted 
assessment of the equal means model. When means were 
constrained to be equal, the model did not pass the CFIDIFF 
or the χ2DIFF tests (Table 8); when means were not con-
strained to be equal, individuals in the inactive group re-
ported higher mean scores (i.e., more hip dysfunction) than 
the active groups. 

DISCUSSION 

The purpose of this study was to examine the psychometric 
properties of the published 40-item HOOS, HOOS-PS, 
HOOS-JR, and HOOS-12 scales by using contemporary CFA 
and multigroup invariance testing procedures in a larger 
and more diverse physically active sample. Confirmatory 
factor analysis procedures were used as an approach to ex-
amine these scales for use in clinical practice and research, 
while invariance testing procedures helped assess for item-
level bias and substantive differences between groups.27 

Previous literature demonstrated good model fit of individ-
ual constructs (i.e., pain, function, and QoL)17; however, 
previous researchers failed to provide model fit of the full 
latent variable scale model as recommended26,31 to assess 
scale properties for use in practice and research.26,31,33 The 
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Table 7. Goodness-of-fit indices for Multi-Group Invariance across Physical Activity         

HOOS-JR χ 2 df χ 2diff (dfdiff) CFI CFIdiff TLI RMSEA 

Inactive (n = 40) 17.56 9 ---- 0.962 ---- 0.937 0.156 

Low Activity (n = 225) 61.23 9 ---- 0.953 ---- 0.921 0.161 

Moderate Activity (n = 276) 35.79 9 ---- 0.974 ---- 0.957 0.104 

High Activity (n = 113) 57.03 9 ---- 0.878 ---- 0.797 0.218 

Configural (equal form) 171.91 36 ---- 0.951 ---- 0.919 0.076 

Metric (equal loadings) 198.63 51 26.72 (15) 0.947 0.004 0.938 0.067 

Equal factor variances* 227.46 54 55.55 (18) 0.938 0.013 0.931 0.070 

Scalar (equal indicator intercepts) 219.70 66 47.79 (30) 0.945 0.006 0.950 0.060 

Equal latent means* 244.52 69 72.61 (33) 0.937 0.014 0.945 0.063 

* = Substantive questions; Bolded = did not meet cuff off criteria 

Table 8. Goodness-of-fit indices for Multi-Group Invariance across Physical Activity         

HOOS - PS χ 2 df χ 2diff (dfdiff) CFI CFIdiff TLI RMSEA 

Inactive (n = 40) 11.31 5 ---- 0.966 ---- 0..932 0.18 

Low Activity (n = 225) 26.13 5 ---- 0.972 ---- 0.943 0.137 

Moderate Activity (n = 276) 16.57 5 ---- 0.979 ---- 0.957 0.099 

High Activity (n = 113) 22.84 5 ---- 0.899 ---- 0.799 0.178 

Configural (equal form) 79.03 20 ---- 0.966 ---- 0.932 0.067 

Metric (equal loadings) 99.79 32 20.76 (12) 0.961 0.005 0.951 0.057 

Equal factor variances* 142.90 35 63.869 (15) 0.938 0.028 0.929 0.069 

Scalar (equal indicator intercepts) 121.12 44 42.09 (22) 0.956 0.005 0.96 0.052 

Equal latent means* 140.43 47 61.4 (17) 0.946 0.02 0.954 0.055 

* = Substantive questions; Bolded = did not meet cuff off criteria 

current results indicate the original HOOS and HOOS-12 
do not meet recommended measurement criteria for this 
sample of physically active participants. Therefore, caution 
is warranted if using results from either measure for re-
search or clinical practice. The HOOS-JR and the HOOS-PS 
demonstrated stronger evidence supporting their use given 
the CFA and multigroup invariance findings. Further explo-
ration to determine when to use the scales and when the 
measurement properties may not be sufficient for assessing 
group differences in larger samples of physically active pa-
tients with and without hip pathology is warranted to con-
firm or refute our findings. 

CONFIRMATORY FACTOR ANALYSIS OF THE ORIGINAL 
40-ITEM HOOS SCALE 

The original five factor, 40-item HOOS scale structure was 
not supported in our study.26,33 Poor model fit indices, 
along with high correlation values between latent con-
structs, indicates potential multicollinearity and a lack of 
unique constructs. Additionally, the modification indices 
revealed that model fit could be substantially improved if 
numerous modifications in the model (e.g., error-terms 
were correlated) were instituted.26,33 Assessment of the er-
ror-term cross-loadings revealed that most of the items 
shared commonalities.26,35 Correlation of the error terms 

may indicate the presence of overlapping items, or items 
that are perceived to ask similar questions.26 Further, there 
were concerns with Cronbach’s alpha values; in our sample, 
the high values (0.84-0.98) were similar to previously re-
ported levels (0.75-0.98)13,18,23 and may be indicative of 
potential item redundancy.20,36 The high correlation values 
between constructs and items, along with high Cronbach’s 
alpha values, re-affirmed multicollinearity as a concern and 
may indicate respondents are unable to differentiate be-
tween the items used to measure different constructs.20,36 

The current findings suggest the model may be improved 
by re-writing items or by removing items from the original 
model.26,31 Furthermore, the results make it difficult to 
conclude that items in the constructs are measuring unique 
phenomena.26,31,33 Also, exploration may be warranted to 
determine if the correlated errors are theoretically justified 
and to determine when the inclusion of those correlations 
are warranted in research.26,35 Thus, the instrument may 
be improved through exploratory procedures (i.e., EFA pro-
cedures) to help determine if a more concise instrument 
can be identified from the originally developed item.20,26,31 

However, given the design of the HOOS items, further mod-
ification may be necessary. For example, many HOOS items 
are double-barreled questions (i.e., asking more than one 
question in an item), which may result in analysis compli-
cations because the respondent may not know which as-
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pect of the item to respond to for their scored response and 
may cause confusion and generate inconsistent results.37 

As such, it would be prudent for researchers to rewrite 
items or provide fewer overlapping examples which may re-
sult in improved model fit and more precise assessment of 
the patient experience.37 

The current CFA analysis approach on the full HOOS 
scale provides insight where previous studies separated the 
dimensions to conduct CFAs on individual dimensions of 
the scale (i.e., the development of the HOOS-12).17 To the 
authors knowledge, this study is the first to perform CFA 
procedures on the full HOOS reflective latent variable 
model. Analyses examining psychometric properties of a 
scale should first examine the full model prior to conduct-
ing exploratory procedures and item removal.26,31,33 The 
model fit indices found in our study were substantially 
lower than those previously reported for the pain and func-
tion dimensions when the constructs were examined in-
dividually.17 These results demonstrate the importance of 
testing the full model before recommending a multi-di-
mensional scale for use in practice or research.30,31 

CONFIRMATORY FACTOR ANALYSIS OF THE HOOS-JR 

The HOOS-JR met recommended CFI and IFI values26,33; 
model fit concerns (e.g., high item cross-loadings) may 
have contributed to a reduced overall model fit. Addition-
ally, the modification indices revealed that model fit could 
be substantially improved if modifications in the model 
were instituted.26,33 Assessment of the error term cross-
loadings identified in the modification indices indicated 
two items (i.e., item 10 [going up or down stairs] and item 
15 [walking on an uneven surface]) shared commonalities, 
which may warrant further exploration as including the er-
ror term covariances may be appropriate in certain analysis 
situations.26,35 Similar to the HOOS, another potential ex-
planation for poor model fit indices could be item design. It 
may be beneficial to address double-barreled questions and 
overlapping items to improve model fit and reduce response 
burden for respondents.15,37 

The HOOS-JR was subjected to multigroup invariance 
testing by injury type and activity level as certain model fit 
criteria (i.e., CFI, IFI) thresholds were met. The multigroup 
invariance findings across injury type provide some evi-
dence for scale validity. As the model met criteria for mea-
surement invariance, group differences for variances and 
latent means could be assessed as these differences could 
be considered true differences as opposed to differences 
due to item bias or measurement error.26,31 If the HOOS-
JR was valid scale, it would be expected that respondents 
who had hip OA or previous history of a THA would re-
port higher mean scores with greater variances if the scale 
is measuring the intended phenomenon. A higher score on 
the HOOS-JR construct indicates those respondents have 
more difficulty related to pain and function,16,17 while a 
finding of more score variance and higher mean scores for 
impaired function and pain in the injured group would 
be expected because hip OA is one of the leading causes 
of decreased function due to pain.10 Our results indicate 
the individuals with hip pathology reported larger amounts 

of variance and higher mean scores compared to the no 
hip pathology group. These substantive findings provide 
support that the HOOS-JR is capturing valid group differ-
ences among those who are suffering from a hip injury/
dysfunction and those who are not. Thus, clinicians and 
researchers could assess score differences between these 
groups on the HOOS-JR. 
Multigroup invariance testing was then performed by ac-

tivity level subgroups. Group differences for variances and 
means were also found between activity level subgroups, 
which also support the validity of the HOOS-JR. A higher 
score on the HOOS-JR constructs indicates those respon-
dents have greater difficulty related to pain and func-
tion16,17 and it could be theorized that individuals with 
higher levels of hip dysfunction (e.g., pain) would be less 
active than those with lower levels of dysfunction. The cur-
rent findings reveal individuals who were classified as in-
active reported larger amounts of variance in their scores 
and exhibited higher mean scores (i.e., more pain and de-
creased function) compared to those who were more active 
(i.e., low-, moderate-, and high-activity). The findings in-
dicate the group differences likely represent true score dif-
ferences as opposed to measurement error; thus, our re-
sults provide substantive support for scale validity, given 
that the HOOS-JR identified higher dysfunction in inactive 
patients who likely alter activity levels due to hip pain and 
dysfunction. Further analysis of the inactive group supports 
this theory as 42% (N = 17) of theses participants reported a 
current physical injury, and 20% (N = 8) reported a previous 
injury to their hip. Thus, the findings support the HOOS-
JR is capturing valid group differences in those who are less 
active and suffering from a hip injury/dysfunction as com-
pared to healthy, active respondents. 

CONFIRMATORY FACTOR ANALYSIS OF THE HOOS-PS 
SCALE 

The one factor, 5-item HOOS-PS met the recommended 
levels for CFI, GFI, and TLI26,33; however, additional model 
fit concerns such as item cross-loadings may have con-
tributed to reduced overall model fit. Like the HOOS and 
the HOOS-JR, a potential explanation for poor model fit in-
dices could be item design. Assessment of cross-loadings 
identified through the modification indices was performed; 
review of the items did not indicate a theoretical justifica-
tion for the shared commonalities.26,35 Thus, sound ratio-
nale for further exploration of the correlation of error terms 
was not identified.26,35 However, it may be beneficial to ad-
dress double-barreled questions and overlapping items to 
improve model fit.15,37 

Next, the HOOS-PS was subjected to multigroup invari-
ance testing by injury type. As model fit indices for the met-
ric invariance model were not met,26 the use of this scale 
may not be appropriate for examining group differences 
and differences in scores between respondents who have a 
hip pathology and those who do not in its current form. 
Without meeting multigroup invariance testing recommen-
dations, it should not be assumed that score differences be-
tween healthy or injured respondents are true differences 
and not measurement error.26 Multigroup invariance test-

Confirmatory Factor Analysis of the Hip Disability and Osteoarthritis Outcome Score (HOOS) and Associated Sub-scales

International Journal of Sports Physical Therapy



ing should be performed again in a larger sample of healthy 
and hip injured respondents to confirm or refute our find-
ings. 
Lastly, when performing invariance testing by activity 

level subgroups, evidence was found to support scale struc-
ture with the configural, metric, and scalar results.26 Group 
differences in variances and means for function were found 
between activity levels. Individuals who were classified as 
being inactive had more variance in their responses com-
pared to those who were classified as active. A higher score 
on the HOOS-PS constructs indicates those respondents 
have more difficulty related to physical function.10,38 A 
finding of more score variance and higher mean scores in 
physical function of the inactive group would be expected, 
as some participants in this sample were more likely to 
have difficulties pertaining to their hip while performing 
physical activity. Thus, the substantive findings provide 
support that the HOOS-PS is capturing valid group differ-
ences between activity levels in our sample, which provides 
theoretical support for the HOOS-PS. 

CONFIRMATORY FACTOR ANALYSIS OF THE HOOS-12 
SCALE 

As the HOOS-12 model did not meet the recommended 
model fit indices in our sample26,33; a number of concerns 
regarding model fit were present. First, a high correlation 
values between latent constructs indicate potential multi-
collinearity and an inability of the items to measure unique 
constructs. The modification indices also revealed model 
fit could be substantially improved if modifications in the 
model (e.g., error terms were correlated) were made.26,33 

Additionally, concerns with Cronbach’s alpha values were 
present; the values were high (0.88-0.91), which are similar 
to previously reported levels (0.77-0.95)15 indicates poten-
tial item redundancy.20,36 Lastly, assessment of cross-load-
ings identified through the modification indices revealed 
that some, but not all, of the items shared commonalities 
which could be justified.26,35 As such, further exploration 
may be warranted to determine if and when the correlated 
errors should be included in a model.26,35 High correlation 
values between constructs and items, coupled with high 
Cronbach’s alpha values, reiterate the concern regarding 
the presence of multicollinearity bordering on singularity 
and the potential need to remove items, alter items to im-
prove clarity, or to develop new items which better measure 
the intended construct.26,31 

LIMITATIONS AND FUTURE RESEARCH 

While the present study identified concerns regarding the 
factorial validity in the HOOS, the HOOS-JR, the HOOS-
PS and the HOOS-12, there are still limitations to consider. 
The current sample was larger than those used for most 
studies on the HOOS, but this sample was comprised 
mostly of self-reported healthy individuals. Moreover, the 
sample used included few participants who had been diag-
nosed with hip OA, THA, or injury to their hip. Of note, 

a sub-sample of the healthy participants was used in the 
multigroup invariance testing due to the limited sample 
of injured participants. Utilizing such a small sample size 
may impact the statistical power of the test and result in 
model misspecification, which is why larger sample sizes 
are recommended.26 As such, further exploration is war-
ranted using larger, more evenly distributed and diverse 
samples. Also, due to the limited sample size and the cur-
rent clinical application of the scale, invariance testing us-
ing the HOOS-JR was limited to the originally proposed 
model; however, future research should explore the validity 
of including the error term correlation identified and how it 
influences findings. 
The sample of participants also responded to all 

40-items of the HOOS. Thus, it is possible that responses 
to the short forms were influenced by the additional items 
not on the scale. Therefore, future research should be com-
pleted on a sample of participants who only responded to 
the items on the instrument. The authors also did not con-
duct long-term follow-up nor compare the results of the 
modified scale with another criterion scale. Due to study 
design (i.e., collection at one time point), we could not per-
form test-retest reliability, assess the minimal detectable 
change, assess responsiveness (e.g., the minimal clinically 
important differences [MCIDs]), or perform longitudinal in-
variance testing. Future research should aim to assess lon-
gitudinal invariance and measures of instrument precision 
(e.g., MCIDs) to fully establish the psychometric properties 
of each scale and to provide guidance for use of the scales 
in clinical practice and research. 

CONCLUSIONS 

In conclusion, the scale structure of the original HOOS 
and HOOS-12 were not supported in the current study. 
Analyses found preliminary evidence to support the use of 
the HOOS-JR and HOOS-PS as psychometrically sound in-
struments and multigroup invariance testing results pro-
vided substantive support for these scales measuring the 
intended phenomenon and ability to assess true group dif-
ferences in certain situations. Clinicians and researchers 
who utilize the scales, should do so with caution regarding 
their limitations or untested properties (e.g., longitudinal 
invariance testing). Thus, more research is warranted to es-
tablish the full psychometric properties of these scales and 
identify an improved version which meets contemporary 
recommendations to measure the multi-dimensional expe-
rience of patient disability following hip pathology. 
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Introduction  
Low back pain (LBP) is a musculoskeletal disorder that affects more than 80% of people 
in the United States at least once in their lifetime. LBP is one of the most common 
complaints prompting individuals to seek medical care. The purpose of this study was to 
determine the effects of spinal stabilization exercises (SSEs) on movement performance, 
pain intensity, and disability level in adults with chronic low back pain (CLBP). 

Methods  
Forty participants, 20 in each group, with CLBP were recruited and randomly allocated 
into one of two interventions: SSEs and general exercises (GEs). All participants received 
their assigned intervention under supervision one to two times per week for the first four 
weeks and then were asked to continue their program at home for another four weeks. 
Outcome measures were collected at baseline, two weeks, four weeks, and eight weeks, 
including the Functional Movement ScreenTM (FMSTM), Numeric Pain Rating Scale 
(NPRS), and Modified Oswestry Low Back Pain Disability Questionnaire (OSW) scores. 

Results  
There was a significant interaction for the FMSTM scores (p = 0.016), but not for the 
NPRS and OSW scores. Post hoc analysis showed significant between-group differences 
between baseline and four weeks (p = 0.005) and between baseline and eight weeks (p = 
0.026) favor SSEs over GEs. Further, the results demonstrated that all participants, 
regardless of group, had significant improvements in movement performance, pain 
intensity, and disability level over time. 

Conclusion  
The results of the study favor SSEs over GEs in improving movement performance for 
individuals with CLBP, specifically after four weeks of the supervised SSE program. 

INTRODUCTION 

Low back pain (LBP) is a musculoskeletal disorder that af-
fects more than 80% of people in the United States at least 
once in their lifetime.1,2 LBP is considered to be one of the 
most common complaints prompting individuals to seek 
medical care. It is a very costly condition as the total direct 
and indirect medical spending for LBP is estimated between 

$100 and $200 billion a year.2 In addition, LBP is a leading 
cause of disability, contributing to work absenteeism and 
loss of productivity worldwide.3,4 Clinically, aberrant 
movement patterns such as a painful arc, lateral shifting, 
or Gower’s sign are associated with lumbar instability or 
movement coordination impairment.5,6 Furthermore, pa-
tients with CLBP often develop compensatory movement 
patterns to complete functional tasks, such as stepping over 
an obstacle and squatting.7 Therefore, observation and 
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analysis of movement quality may be key elements in LBP 
management, particularly for patients with subacute and 
chronic LBP.8 

The quality of movement has been measured in different 
ways, including the use of self-reported measures, impair-
ment measures, and movement performance measures. 
Self-reported questionnaires are commonly administered 
because they are based on the patients’ own evaluation 
of their pain and function.9 However, these self-reported 
questionnaires do not always distinguish whether or why 
a specific task is performed properly.10 The self-reported 
questionnaires lack the description of movements and how 
the patient will perform the specific task and only address 
whether the patient is able to do it or not. Therefore, to ad-
dress the inadequacy of self-reported questionnaires, func-
tional performance measures that are capable of assessing 
the patient’s ability to perform specific functional tasks, as 
well as the ease and efficiency of performing these tasks, 
may be more appropriate to determine the quality of move-
ment. 
The Functional Movement ScreenTM (FMSTM) is a quan-

titative assessment tool that was developed to assess move-
ment performance by identifying limitations and restric-
tions of movement patterns and to determine whether 
abnormal movements are present.11,12 Individuals or ath-
letes with lower FMSTM scores also have been found to 
be associated with a higher risk of musculoskeletal in-
jury.13–16 Because of its ability to evaluate and treat pa-
tients with injuries, the FMSTM has been advocated as a 
tool to be incorporated in rehabilitation.11 The FMSTM has 
been used as an outcome measure to examine the effects 
of an exercise program on healthy people and was found 
to be capable of capturing the improvement of functional 
movement patterns after an exercise program.17,18 More-
over, a recent study found that patients with CLBP demon-
strated lower FMSTM scores as compared to healthy con-
trols.7 Therefore, the FMSTM appears to be a useful 
functional assessment measure to identify movement 
deficits in patients with CLBP.7 

A variety of treatments have been used by physical ther-
apists for treating CLBP, including manual therapy, exercise 
programs (e.g., trunk coordination, strengthening, and en-
durance exercises), lower quarter nerve mobilization, trac-
tion, and patient education.19,20 Given the high prevalence 
of CLBP and high recurrence of LBP and the associated 
costs, clinicians have been advised to place a priority on 
interventions which can prevent recurrences and transi-
tions of acute and subacute to CLBP.20 Among conservative 
treatments, therapeutic exercises are the most widely used 
for the management of LBP.21 A plethora of evidence has 
shown that therapeutic exercises are moderately effective 
for CLBP.22 A meta-analysis of exercise therapy for the 
treatment of LBP reported that therapeutic exercise was ef-
fective in decreasing pain in patients with CLBP.23 However, 
debates continue regarding what specific type of exercise 
may be most effective. More recently, spinal stabilization 
exercises (SSEs) have been advocated as the optimal choice 
in the rehabilitation of LBP because SSEs have a positive 
effect on supporting and stabilizing the lumbar spine, re-

ducing pain, and enhancing proprioception as a result of 
LBP.24,25 In addition, SSEs were found to be more effective 
than GEs in decreasing pain and improving physical func-
tion in patients with LBP and were more effective than a 
placebo intervention in lumbar segmental instability in pa-
tients with LBP.26,27 

However, the FMSTM has not yet been used to examine 
the effectiveness of physical therapy interventions in the 
LBP population. Although SSEs have been shown to be ef-
fective in treating patients with LBP, it is not known if SSEs 
would improve movement performance. To date, no study 
has been conducted for assessing the effects of SSEs on the 
quality of movement performance. Therefore, a randomized 
clinical trial was warranted to examine whether or not SSEs 
would have a favorable outcome on movement performance 
assessed by the FMSTM. The purpose of this study was to 
determine the effects of SSEs on movement performance, 
pain intensity, and disability level in adults with CLBP. 

METHODS 
STUDY DESIGN AND PARTICIPANTS 

This study was a double-blinded randomized clinical trial, 
comparing two exercise programs: SSE vs. GE. Approval 
from the investigators’ institutional review board was ob-
tained prior to participant enrollment and data collection. 
To determine adequate sample size for this study, an a pri-
ori power analysis was performed using G*Power 3.1.9.28 

Using a small-to-medium effect size of 0.20 and an alpha 
level of 0.05, a sample size of 40 participants was needed to 
ensure an adequate power level of 0.80 for a mixed-model 
2 x 4 analysis of variance (ANOVA) test. Participants of any 
ethnicity, sex, or race who did not receive physical ther-
apy at the time and within the prior three months, were re-
cruited for this study from the local communities through 
flyers, word-of-mouth marketing, emails, and direct mail 
advertisements. Participants were adults of 18 to 65 years 
of age with LBP for a duration of more than 12 weeks.29 

In addition, the eligible participants must have the ability 
to understand and speak English and had a minimum pain 
score of 2/10 in the past week using the NPRS. Participants 
who met inclusion criteria and agreed to participate in the 
study were asked to sign a written informed consent form. 
Participants were excluded if they had (1) serious spinal 

conditions, such as fracture, infection, or tumor, (2) signs of 
nerve root compression, (3) a history of the lower extrem-
ity or lumbar spine surgery, (4) a history of hip, knee, or 
ankle pain in the previous two years, (5) current pregnancy 
by self-report, (6) systemic joint disease (e.g., rheumato-
logic or neurological disorders), (7) vestibular or other bal-
ance disorders, (8) ongoing treatment for the inner ear, si-
nus, or upper respiratory infection, (9) a history of falls 
or fear of falling, or (10) a need for any form of walking 
aids (e.g., cane or walker). A neurological examination was 
performed to further screen for each participant’s eligibil-
ity. Once the participants were deemed to be eligible for 
this study, their demographic characteristics (i.e., age, sex, 
height, weight, leg dominance) and pain history (e.g., pain 
duration, pain intensity) were collected. In addition, partic-
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ipants completed two questionnaires, the Fear-Avoidance 
Beliefs Questionnaire (FABQ) and Patient-Reported Out-
comes Measurement Information System®-29 (PROM-29), 
which were used to describe the participants of this study. 

INVESTIGATORS 

Two investigators were responsible for data collection for 
this study. The principal investigator, investigator #1, was 
the treating therapist who was responsible for group allo-
cation and intervention administration and was blinded to 
the results of the FMSTM, NPRS, and OSW. Investigator #2 
was responsible for collecting outcome measures and was 
blinded to each participant’s group assignment. 

FUNCTIONAL MOVEMENT SCREEN TM 

The FMSTM Test Kit (Functional Movement Systems Inc., 
Chatham, VA) was used to assess the movement perfor-
mance of seven different movement patterns for this study. 
The FMSTM Test Kit consists of a two-inch by six-inch 
board, one four-foot-long dowel, two shorter dowels, and 
an elastic cord.30 The FMSTM includes seven test compo-
nents: the deep squat, hurdle step, in-line lunge, shoulder 
mobility, active straight-leg-raise, trunk stability push-up, 
and rotary stability. Additionally, there are three clearance 
screens, including the impingement-clearing test, press-
up clearing test, and posterior-rocking clearing test. These 
three clearance screen tests are used to determine the pres-
ence of pain associated with internal rotation and flexion of 
the shoulder, spinal flexion, and spinal extension. However, 
because this study focused on the LBP population, the im-
pingement-clearing test was excluded (Appendix A). 
In the original FMSTM scoring system, each of the seven 

test components is scored on a scale of 0 to 3: 3 when the 
test component is performed correctly without compensa-
tions, 2 when completion of the test component required 
compensatory movement, 1 when the participant is unable 
to perform the test component as required, and 0 when 
there is an occurrence of pain during the test component. 
However, as all of the participants had LBP in this study, 
the FMSTM scores were modified so that a zero score was 
given only when the participant reported an increase in the 
LBP, not simply for the presence of LBP. The validity and re-
liability of this modified FMSTM scoring system have been 
established previously with excellent inter-rater reliability 
in those with LBP (ICC = 0.99).31 Lastly, a composite score 
ranging from 0 to 21 is calculated to indicate the overall 
quality of movement performance, with a higher score indi-
cating higher quality of movement performance. A score of 
14 or lower on the original FMSTM scoring system indicates 
that the participant could have a higher risk for future in-
jury.11,13 

OUTCOME MEASURES 

Each participant was asked to complete the two clinical 
outcome measures, the NPRS and the OSW, prior to the 
FMSTM test. During the FMSTM, each participant performed 
all seven test components in the same order as described 

by Cook et al. (2010). No warm-up was required before the 
start of the measurement. Each participant performed three 
trials for each of the seven FMSTM test components, and 
the best score from the three trials was recorded. How-
ever, the participants performed the two clearance screens 
only once. Therefore, when a participant had no pain with 
a clearance screen, the screen was considered negative. If 
there was an increase in LBP, not simply the presence of 
LBP with a clearance screen, the screen was considered pos-
itive, and the associated test was scored zero. Two FMSTM 

test components are associated with a clearance screen: 
the push-up test with the press-up clearance screen and 
the rotator stability test with the posterior rocking clear-
ance screen. Five of the seven FMSTM test components were 
performed bilaterally: hurdle step, in-line lunge, shoulder 
mobility, active straight leg raise, and rotary stability test. 
Each participant performed these five tests first on the right 
side and then on the left side. For movements that were 
scored on both limbs simultaneously, the lower score was 
used to compute the composite score. The total score of the 
seven test components was added together to obtain a com-
posite score of the FMSTM. 
For each participant, the FMSTM, NPRS, and OSW mea-

surements scores were collected at baseline and then two 
weeks, four weeks, and eight weeks after the initiation of 
treatment. Additionally, NPRS measurements were col-
lected at the beginning of each session, before and after 
each test, and any aggravation of LBP was recorded 
throughout the entire testing procedure. 

INTERVENTIONS 

Once the participants completed the FMSTM, they were as-
signed randomly into either the SSE group or the GE group. 
Participants in the SSE group were instructed in the SSEs, 
which were modeled on the SSE program designed by Hicks 
et al. (Appendix B).32 The SSE program of this study tar-
geted the spinal stabilizer muscles, including the transver-
sus abdominus, erector spine, lumbar multifidus, quadratus 
lumborum, and oblique abdominal muscles. The SSEs con-
sisted of four categories. The exercises in the first category 
were abdominal bracing exercises, which were designed pri-
marily to target the transversus abdominus muscle. The 
participant performed each abdominal bracing exercise up 
to 30 repetitions with a target hold time of eight seconds. 
The SSEs in the second category were quadruped exercises, 
which were designed to target both the erector spinae and 
multifidus. The participant performed each quadruped ex-
ercise up to 30 repetitions with a target hold time of eight 
seconds. The SSEs in the third category were prone-plank 
exercises, which were designed to primarily target the 
quadratus lumborum muscle. The participant performed 
each prone plank exercise up to 30 repetitions with a target 
hold time of eight seconds. Lastly, the SSEs in the fourth 
category were side-plank exercises, which were designed to 
train the oblique abdominal muscle. The participant per-
formed each side-plank exercise up to 30 repetitions with a 
target hold time of eight seconds. 
The GE program consisted of ROM and flexibility exer-

cises of low back and lower extremities (Appendix C). There 
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were four exercise categories, including knee-to-chest, 
lower trunk rotation, prone press-ups, and hamstring 
stretch. Each participant in this group was asked to perform 
each exercise up to 20 times with a target hold time of 10 
seconds. The participants were instructed to perform all of 
the four exercises within a pain-free range. 
At the initial treatment session, all participants were in-

structed to perform four exercises, one from each category. 
The exercise intensity progressed to the next level when 
the participant could perform the exercise with proper form 
and for the required repetitions and hold time. Once they 
progressed to the next level of the exercise, they discontin-
ued the previous level of the exercise. 
On the first visit, all participants were instructed in the 

exercises at a level that they were able to perform without 
pain. All participants were given an exercise log based on 
the assigned group to report their exercise compliance (Ap-
pendix D). In addition, all participants were given an ex-
ercise handout, which illustrated the exercises and listed 
the required exercise repetitions and holds time. All par-
ticipants were asked to return one to two times per week 
for four weeks for exercise progression and to ensure that 
they were performing the exercises properly. The interven-
tion frequency and duration were chosen to reflect common 
physical therapy practice. However, each participant was 
asked to perform their assigned exercise program at least 
five times per week, and exercises during the on-site visits 
were counted toward the required exercise frequency. Af-
ter the four-week intervention, all participants were asked 
to continue their exercise program at home five times a 
week for another four weeks until their final follow-up visit 
at week 8. In addition, the participants were instructed on 
how to progress their exercises at home. 

DATA ANALYSIS 

All statistical analyses were performed using SPSS Statis-
tics, Version 25 (IBM Corp., Armonk, NY, USA). Descriptive 
statistics, including frequency, means, and standard devi-
ations, were calculated for the demographic data of the 
participants, including age, gender, height, weight, body 
mass index (BMI), the participants’ characteristics (e.g., 
duration of pain, distribution of pain, FABQ scores, and 
PROMIS scores), and the results of outcome measures (i.e., 
FMSTM, NPRS, and OSW scores). Independent t-and chi-
square tests were used to determine if there was a differ-
ence in participants’ characteristics at baseline. Three sep-
arate 2 (group) x 4 (time) repeated measure (RM) ANOVAs 
were used to analyze the three outcome measures collected 
over four different time points. Post hoc analysis was per-
formed if there was a significant interaction. The α level 
was set at 0.05 for all statistical analyses. 

RESULTS 

A total of 40 participants met the inclusion criteria and 
completed the eight-week exercise program (Figure 1). 
The characteristics of the participants and baseline out-

come measurements are summarized in (Table 1). 

In general, the participants had mild LBP with an av-
erage NPRS score of 3.5 ± 1.6. There was no significant 
difference (p < 0.05) in any of the baseline participants’ 
characteristics, and outcome measurements between par-
ticipants in the SSE group and those in the GE group (Table 
1). Therefore, the two groups were considered similar at the 
beginning of the study. 

OUTCOME MEASUREMENTS 

The means and standard deviations of all three outcome 
measurements at all four-time points are shown in (Table 
2). 
The ANOVA results showed a significant interaction of 

group by time, F (3, 114) = 3.599, p = 0.016, indicating that 
there was a significant difference in the modified FMSTM 

scores between groups over eight weeks. Next, separate 2 x 
2 RM ANOVAs followed to examine the between-group dif-
ferences between each two-time point. Consequently, sig-
nificant between-group differences were found between 
baseline and four weeks (p = 0.005) and between baseline 
and eight weeks (p = 0.026) favor SSEs over GEs. In addition, 
there was a significant main effect of time. Post-hoc pair-
wise comparisons showed that all participants made signif-
icant improvements in the modified FMSTM scores between 
the two adjacent time points: from baseline to two weeks (p 
= 0.011), from two weeks to four weeks (p = 0.001), and from 
four weeks to eight weeks (p = 0.008) (Figure 2). 
The RM ANOVA for the NPRS and OSW scores showed no 

significant interaction of group by time: F (3, 114) = 1.185, 
p = 0.319 and F (3, 114) = 0.538, p = 0.605, respectively. 
However, there was a significant main effect of time (p 

< 0.001) for both the NPRS and OSW scores. Post-hoc pair-
wise comparisons showed significantly lower NPRS scores 
from baseline to two weeks (p = 0.007), from two weeks to 
four weeks (p < 0.001), but no significant difference from 
four weeks to eight weeks (p = 0.818) (Figure 3). 
Similarly, post-hoc pairwise showed significantly lower 

OSW scores from baseline to two weeks (p = 0.017), from 
two weeks to four weeks (p = 0.047), but no significant dif-
ference from four weeks to eight weeks (p = 0.117) (Figure 
4). 

HOME EXERCISE PROGRAM COMPLIANCE 

There were no significant differences between the two 
groups in the supervised phase and the unsupervised 
phase. However, both groups had significantly better exer-
cise compliance in the supervised phase (first four weeks) 
than they did in the unsupervised phase (last four weeks) (p 
= 0.044 for the SSE group, p = 0.025 for the GE group) (Table 
3). 

DISCUSSION 
FUNCTIONAL PERFORMANCE 

The modified FMSTM scores showed that participants who 
received SSEs had made significantly greater improvement 
on movement performance than those who received a GE 
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Figure 1. Consort diagram of participants’ screening, enrollment, and randomization.         

program. The results suggest that the exercises prescribed 
to the individuals with CLBP should be specific to and tar-
get spinal stabilizers in order to improve quality of move-
ment as compared to GEs, such as ROM and flexibility ex-
ercises. There is no published evidence regarding the 
effectiveness of the SSE program on movement perfor-
mance in patients with LBP. However, this finding is in 
agreement with a previously published study by Bagherian 
et al., who demonstrated that the SSE program enhanced 
functional movement patterns in healthy, pain-free colle-
giate athletes, particularly for those who had low baseline 
FMSTM scores (i.e., ≤ 14).17 In contrast to the participants 
in the Bagherian et al. study, the participants in this study 
were those with CLBP. Although the participants in this 
study had low disability levels, the SSEs designed in this 
study were at a low level of difficulty and intensity as com-
pared to those in the Bagherian et al. study, which included 
high-level exercises, such as back extension and sit-ups. 
Considering the improvement made by the participants in 
the SSE group, the dosage and progression of the SSEs 
seemed to be appropriate for this patient population. 
The SSE group demonstrated a significantly greater im-

provement than the GE group in movement performance at 

the conclusion of the supervised phase (i.e., 4 weeks), and 
the differential effects were maintained at the end of the 
study period (i.e., 8 weeks). This finding is consistent with 
other studies which also found that a four-week SSE pro-
gram was effective for enhancing stability and functional 
capabilities, as well as for reducing pain intensity in pa-
tients with CLBP.33,34 It was hypothesized that four weeks 
were necessary to alter neuromuscular control of the spinal 
column, and therefore improve inter-segmental spinal sta-
bility.34 Further examination of each of the seven test com-
ponents at baseline, week 4, and week 8 revealed that the 
SSE group appeared to have greater improvement on the 
rotary stability test and the trunk stability push-up test 
than the GE group. Not surprisingly, these two test com-
ponents were designed specifically to assess an individual’s 
spinal stability, which is consistent with the goal of the SSE 
program.12 

The results of this study support that SSEs were effective 
in enhancing the spinal stabilizers, thus improving move-
ment performance. Deficits in the spinal stabilizers are con-
sidered to be the primary cause of spinal instability leading 
to LBP.35 Specifically, the TrA and LM muscles are consid-
ered to play an essential role in lumbopelvic stabilization. 
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Table 1. Participants’ Characteristics and Outcome Measurements (count or mean ± SD) at Baseline             

All participants (n = 40) SSE Group 
(n = 20) 

GE Group 
(n = 20) 

p-value 
(SSE vs. GE) 

Age (years) 39.9 ± 12.5 38.8 ± 11.8 41.0 ± 13.3 0.583 

Gender (male/female) 23/17 13/7 10/10 0.337 

Weight (kg) 79.8 ± 15.7 78.6 ± 15.6 81.1 ± 15.8 0.625 

Height (cm) 169.7 ± 10.1 167.2 ± 9.8 172.3 ± 10.0 0.112 

BMI 28.0 ± 6.6 28.6 ± 7.7 27.5 ± 5.5 0.612 

Average pain 4.7 ± 1.8 4.5 ± 1.4 5.0 ± 2.2 0.397 

LBP onset symptoms (Insidious/Traumatic) 36/4 18/2 18/2 1.000 

Duration of LBP (months) 95.2 ± 87.5 78.6 ± 87.7 111.9 ± 86.3 0.234 

Side of LBP(central/right/left) 14/13/13 6/7/7 8/6/6 0.803 

Distribution of pain 

LBP only 30 (75%) 15 (75%) 15 (75%) 1.000 

LBP + leg pain above the knee 1 (2.5%) 0 1 (5%) 

LBP + leg pain below the knee 9 (22.5%) 5 (25%) 4 (20%) 0.705 

PA duration (minute/week) 99.7 ± 145.1 86.0 ± 162.9 113.5 ± 127.8 0.556 

FABQ 

Work 8.4 ± 7.4 9.5 ± 6.7 7.2 ± 8.1 0.344 

Physical activity 10.1 ± 6.5 10.1 ± 7.4 10.1 ± 5.6 1.000 

PROMIS-29 

Physical function 43.4 ± 2.4 43.4 ± 2.4 43.4 ± 2.4 0.512 

Anxiety 51.2 ± 3.1 53.7 ± 2.8 51.2 ± 3.1 0.795 

Depression 49.0 ± 3.2 49.0 ± 3.2 49.0 ± 3.2 0.815 

Fatigue 55.1 ± 2.4 57.0 ± 2.3 53.1 ± 2.4 0.229 

Sleep disturbance 52.4 ± 3.4 52.4 ± 3.4 52.4 ± 3.4 0.695 

Social roles 51.9 ± 2.2 51.9 ± 2.2 53.7 ± 2.3 0.487 

Pain interference 57.1 ± 1.9 55.6 ± 1.9 57.1 ± 1.9 0.558 

Average pain intensity 4.3 ± 1.8 4.1 ± 1.2 4.4 ± 2.3 0.549 

Impact score 20.1 ± 6.6 19.9 ± 6.9 20.3 ± 6.5 0.852 

NPRS 3.5 ± 1.6 3.4 ± 1.3 3.5 ± 1.9 0.846 

OSW 18.1 ± 9.1 18.2 ± 9.1 18.1 ± 9.4 0.973 

Modified FMSTM score 10.7 ± 3.4 10.9 ± 3.2 10.6 ± 3.8 0.788 

Note: SSE = spinal stabilization exercises, GE = general exercises, BMI = body mass index, LBP = low back pain, PA = physical activity, FABQ = Fear Avoidance Beliefs Questionnaire, 
PROMIS-29 = Patient-Reported Outcomes Measurement Information System, NPRS = Numeric Pain Rating Scale, OSW= Modified Oswestry Low Back Pain Disability Questionnaire, 
FMSTM = Functional Movement ScreenTM. 

Impairments inactivation and coordination of the TrA and 
LM muscles have been identified in patients with CLBP and 
are believed to contribute to their poor movement coordi-
nation.36–38 Therefore, strength and proper activation of 
these muscles are necessary for the stability of the lumbar 
spine in order to restore proper functional movements for 
this patient population, as indicated by the results of this 
study.37–41 Furthermore, the literature supports the use of 
SSEs for individuals with LBP for improving neuromuscular 
control and endurance, retraining and strengthening deep 
spinal muscles, reducing pain, and enhancing propriocep-
tion related to the dysfunction.24,25,42 

PAIN INTENSITY AND DISABILITY LEVEL 

At eight weeks, the SSE group had a reduction in NPRS 
score of 1.4 points from baseline, and the GE group had a 

reduction in NPRS score of 1.6 points from baseline. Nei-
ther group demonstrated a clinically meaningful change in 
pain intensity that exceeded the minimal detectable change 
(MDC) or minimal clinically important change (MCID) score 
of 2 for the NPRS in individuals with LBP.43 Although there 
was no difference in pain between groups, there were dif-
ferences in the modified FMSTM scores between groups. 
For individuals with CLBP who have low levels of pain, the 
NPRS may not be a useful outcome measure to examine 
treatment effects. Instead, a high functional level test, such 
as the FMSTM, may be necessary to detect different treat-
ment effects. 
Similar to the result of the NPRS scores, the results of 

the study indicated no significant differences in disability 
reduction between the SSE program and the GE program 
over eight weeks. This result implies that both exercise in-
terventions had an equivalent effect on functional improve-
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Figure 2. Movement performance using the modified Functional Movement Screen scoring system between the             
spinal stabilization exercise (SSE) group and the general exercise (GE) group at baseline, 2 weeks, 4 weeks, and 8                    
weeks.  

Figure 3. Pain intensity using the Numeric Pain Rating Scale (NPRS) between the spinal stabilization exercise               
(SSE) group and the general exercise (GE) group at baseline, 2 weeks, 4 weeks, and 8 weeks.                  

ment and disability reduction. Both groups were consid-
ered to have a minimal disability level at baseline (OSW 
score:18.2 for the SEE group and 18.1 for the GE group). Al-
though the participants in this study reported minimal dis-
ability levels at baseline, all participants demonstrated sig-
nificant improvement in disability levels, in the first four 

weeks. Although neither group demonstrated a clinically 
meaningful change in their disability level that exceeded 
the MDC of 10.5 for the OSW in individuals with LBP, only 
the SSE group’s disability improvement (OSW score: 6.2 
points) exceeded the MCID of 6 points.6,44 The minimal 
pain intensity and disability levels at baseline could have 
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Figure 4. Disability levels using the Modified Oswestry Low Back Pain Disability Questionnaire (OSW) between              
the spinal stabilization exercise (SSE) group and the general exercise (GE) group at baseline, 2 weeks, 4 weeks,                   
and 8 weeks.    

Table 3. Home Exercise Compliance Rates (%, Mean ± SD).         

All 
(n = 40) 

SSE Group 
(n = 20) 

GE Group 
(n = 20) 

p-value 
(SSE vs. GE) 

Supervised phase 
(0 – 4 weeks) 

85.9 ± 14.8 83.7 ± 13.9 88.0 ± 15.6 0.369 

Unsupervised phase 
(5 – 8 weeks) 

76.1 ± 22.7 74.7 ± 20.4 77.5 ± 25.4 0.707 

Entire study 
0 – 8 weeks 

81.0 ± 16.7 79.2 ± 14.8 82.7 ± 18.8 0.516 

p-value 
(supervised vs. unsupervised) 

0.002* 0.044* 0.0024* 

Note: SSE = spinal stabilization exercise, GE = general exercise. 

contributed lack of clinically meaningful changes. However, 
participants with high pain and disability levels may not be 
able to complete the FMSTM. 

IMPLICATIONS FOR CLINICAL PRACTICE 

The FMSTM with the modified scoring system may be a use-
ful outcome measure for assessing the quality of move-
ment, specifically in adults with LBP. Identification and 
quantification of abnormal movement patterns may allow 
therapists to address movement impairments in their plan 
of care. 

LIMITATIONS OF THE STUDY 

There were limitations in this study. The participants in 
this study had low NPRS and OSW scores. Therefore, the 
results of this study only can be generalized to those indi-

viduals with CLBP with low pain intensity and mild disabil-
ity levels. However, participants with a moderate or mod-
erate-to-high level of pain may not be able to complete 
or perform the FMSTM tests or SSE program. Furthermore, 
this study was conducted on participants between 18 and 
65 years old. Therefore, this study might not be generalized 
to patients over 65 years old. The other limitation is that 
the participants were not restricted from other physical ac-
tivities although participants were advised not to engage 
in any activity that might increase their LBP. However, the 
randomization procedure may have minimized this uncon-
trolled factor. Lastly, medication use was not controlled in 
this study in order to reflect the current clinical practice 
collected at baseline. However, at each follow-up visit, all 
participants were asked if they had taken any medication 
because of their LBP. Future studies should examine the ef-
fects of eight-week supervised treatments (e.g., SSEs) in or-
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der to achieve better outcomes and maximize the benefits 
of the treatment. In addition, it is recommended that future 
studies should examine the effectiveness of SSEs on the 
movement performance of individuals who have moderate 
and higher pain intensity of LBP and disability levels. Fur-
thermore, longer-term follow-ups are recommended for fu-
ture studies to examine the effects of physical therapy in-
terventions on movement performance in patients with 
CLBP. 

CONCLUSION 

The results of this study suggest that SSEs are more effec-
tive in enhancing movement performance than GEs over a 
period of eight weeks in individuals with CLBP. In addition, 
all participants in both groups demonstrated a significant 
reduction in pain intensity and disability level while at-
tending supervised PT sessions in the first four weeks of the 
study. However, these significant improvements seemed to 
be diminished during the unsupervised PT sessions for the 
last four weeks when the participants stopped meeting reg-
ularly with the investigators. Moreover, this study demon-

strated that supervised SSE sessions seemed to maximize 
the benefits of this treatment including improving the qual-
ity of movement and reducing the aberrant movement that 
is associated with CLBP. 
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movement-performance-in-adults-with-chronic-low-back-pain/attachment/
135993.pdf?auth_token=Cvo9Er3SzcY8hask1cal 

Appendix B. Spinal Stabilization Exercises with Progression Criteria (Adapted          
from Hicks et al., 2005)      
Download: https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-
movement-performance-in-adults-with-chronic-low-back-pain/attachment/
135994.pdf?auth_token=Cvo9Er3SzcY8hask1cal 

Appendix C. General Exercise Program with Criteria of Progression          
Download: https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-
movement-performance-in-adults-with-chronic-low-back-pain/attachment/
135995.pdf?auth_token=Cvo9Er3SzcY8hask1cal 

Appendix D. Compliance log     
Download: https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-
movement-performance-in-adults-with-chronic-low-back-pain/attachment/
135996.pdf?auth_token=Cvo9Er3SzcY8hask1cal 

Effectiveness of Spinal Stabilization Exercises on Movement Performance in Adults with Chronic Low Back Pain

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-movement-performance-in-adults-with-chronic-low-back-pain/attachment/135993.pdf?auth_token=Cvo9Er3SzcY8hask1cal
https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-movement-performance-in-adults-with-chronic-low-back-pain/attachment/135993.pdf?auth_token=Cvo9Er3SzcY8hask1cal
https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-movement-performance-in-adults-with-chronic-low-back-pain/attachment/135993.pdf?auth_token=Cvo9Er3SzcY8hask1cal
https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-movement-performance-in-adults-with-chronic-low-back-pain/attachment/135994.pdf?auth_token=Cvo9Er3SzcY8hask1cal
https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-movement-performance-in-adults-with-chronic-low-back-pain/attachment/135994.pdf?auth_token=Cvo9Er3SzcY8hask1cal
https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-movement-performance-in-adults-with-chronic-low-back-pain/attachment/135994.pdf?auth_token=Cvo9Er3SzcY8hask1cal
https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-movement-performance-in-adults-with-chronic-low-back-pain/attachment/135995.pdf?auth_token=Cvo9Er3SzcY8hask1cal
https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-movement-performance-in-adults-with-chronic-low-back-pain/attachment/135995.pdf?auth_token=Cvo9Er3SzcY8hask1cal
https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-movement-performance-in-adults-with-chronic-low-back-pain/attachment/135995.pdf?auth_token=Cvo9Er3SzcY8hask1cal
https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-movement-performance-in-adults-with-chronic-low-back-pain/attachment/135996.pdf?auth_token=Cvo9Er3SzcY8hask1cal
https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-movement-performance-in-adults-with-chronic-low-back-pain/attachment/135996.pdf?auth_token=Cvo9Er3SzcY8hask1cal
https://ijspt.scholasticahq.com/article/68024-effectiveness-of-spinal-stabilization-exercises-on-movement-performance-in-adults-with-chronic-low-back-pain/attachment/135996.pdf?auth_token=Cvo9Er3SzcY8hask1cal


Original Research 

Effectiveness of Spinal Stabilization Exercises on Dynamic Balance         
in Adults with Chronic Low Back Pain        
Yousef M. Alshehre 1   a , Khalid Alkhathami 2   , Kelli Brizzolara 3  , Mark Weber 3  , Sharon Wang-Price 3 

1 Physical Therapy Department, Faculty of Applied Medical Sciences, University of Tabuk, Saudi Arabia, 2 Department of Health Rehabilitation, Shaqra 
University, Saudi Arabia, 3 School of Physical Therapy, Texas Woman's University, Dallas, Texas, USA. 

Keywords: Instability, Lumbar spine, Movement impairment, Postural stability, Supervised exercises 

https://doi.org/10.26603/001c.68075 

International Journal of Sports Physical Therapy 

Background  
Dynamic balance is a vital aspect of everyday life. It is important to incorporate an 
exercise program that is useful for maintaining and improving balance in patients with 
chronic low back pain (CLBP). However, there is a lack of evidence supporting the 
effectiveness of spinal stabilization exercises (SSEs) on improving dynamic balance. 

Purpose  
To determine the effectiveness of SSEs on dynamic balance in adults with CLBP. 

Study Design   
A double-blind randomized clinical trial. 

Methods  
Forty participants with CLBP were assigned randomly into either an SSE group or a 
general exercise (GE) group, which consisted of flexibility and range-of-motion exercises. 
Participants attended a total of four to eight supervised physical therapy (PT) sessions 
and performed their assigned exercises at home in the first four weeks of the eight-week 
intervention. In the last four weeks, the participants performed their exercises at home 
with no supervised PT sessions. Participants’ dynamic balance was measured using the 
Y-Balance Test (YBT) and the normalized composite scores, Numeric Pain Rating Scale 
and Modified Oswestry Low Back Pain Disability Questionnaire scores were collected at 
baseline, two weeks, four weeks, and eight weeks. 

Results  
A significant difference between groups from two weeks to four weeks (p = 0.002) was 
found, with the SSE group demonstrating higher YBT composite scores than the GE 
group. However, there were no significant between-group differences from baseline to 
two weeks (p =0.098), and from four weeks to eight weeks (p = 0.413). 

Conclusions  
Supervised SSEs were superior to GEs in improving dynamic balance for the first four 
weeks after initiating intervention in adults with CLBP. However, GEs appeared to have 
an effect equivalent to that of SSEs after 8-week intervention. 

Levels of Evidence    
1b. 
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INTRODUCTION 

Low back pain (LBP) is the leading cause of disability and 
a primary contributor to work absenteeism and loss of pro-
ductivity globally.1–4 Over 50% of individuals with chronic 
LBP (CLBP) may not recover until one year later.2 Impair-
ments from LBP include mobility deficits,5 physical disabil-
ities,6 and balance disturbances.7–10 Several studies have 
identified alterations in muscle recruitment and movement 
patterns as potential pathomechanisms which further lead 
to spinal instability.6–9,11 Recently, evidence revealed that 
dynamic balance is reduced in individuals with CLBP and 
in individuals with a history of LBP as compared to asymp-
tomatic controls.7,8 The reduced use of the lumbopelvic 
movement to maintain balance has been reported to be 
due to the reduced motion of the lumbar spine and hip.12 

Furthermore, once individuals with LBP lose their balance, 
they have more difficulty regaining it, and balance deficits 
can persist even after their LBP has subsided.8 Although 
pain is a major factor in CLBP, pain is not the only impair-
ment present in CLBP populations. Balance abnormalities 
and pain-avoiding compensations could further contribute 
to an individual’s increased re-injury risk and chronic-
ity.2,8,9 Moreover, individuals with LBP can be fearful of 
performing dynamic tasks because of a fear of additional 
pain and injury in response to the movement.2,8,9 

Uncertainty remains regarding the best treatment ap-
proach for LBP. Evidence suggests that exercise therapy is 
a moderately effective intervention for treating LBP.6,13 A 
systematic review found that therapeutic exercises were as-
sociated with small-to-moderate effects on pain and with 
an increased likelihood of return-to-work for patients with 
LBP.13 Spinal stabilization exercise (SSE) programs are 
widely used by physical therapists for rehabilitation of pa-
tients with LBP.14–17 Evidence has shown that recruitment 
of spinal stabilization muscles (e.g., transversus abdominis 
and lumbar multifidi) may be altered in patients with LBP 
as compared to healthy controls. It has been proposed that 
SSEs are used to retrain proper activation and coordination 
of the trunk musculature to increase spinal stability and re-
duce pain.14–18 SSEs also have been shown to be effective 
for improving pain, disability, and physical performance 
in patients with LBP.4,16–18 Systematic reviews have in-
dicated that SSEs were more effective than general exer-
cises for decreasing pain and improving disability in pa-
tients with LBP.4,16,18 Furthermore, recent research reports 
showed that some forms of SSEs have promising outcomes 
on postural control in patients with LBP.19,20 

Although balance has been used as an outcome measure 
to examine the effects of SSEs on patients with LBP, the bal-
ance measures commonly used in the literature consist of 
only static postural control assessments and lack dynamic 
component assessments.21,22 For instance, force plates and 
the NeuroCom Balance Master® measure ground reaction 
forces and center of pressure (CoP) displacement, and both 
provide quantified measures of static or semi-dynamic pos-
tural control, but do not measure an individual’s ability to 
maintain balance while performing a purposeful maneu-
ver.8,21,22 Moreover, these static balance tests usually are 

used in a laboratory setting, are expensive and time-con-
suming, and often are impractical for use in clinical set-
tings.8,21 

In recent years, several tests have been used to investi-
gate dynamic balance in LBP populations, such as the Star 
Excursion Balance Test (SEBT),7,10,23,24 the Y-Balance Test 
(YBT),8,25 and the functional reach test.26,27 Of these dy-
namic tests, the reliability and validity of the YBT has been 
established specifically for the CLBP population. In addi-
tion, the YBT is a shorter version of the SEBT, and is more 
feasible for clinical practice. The YBT evaluates single-leg-
balance, dynamic neuromuscular control, proprioception, 
and strength of an individual while simultaneously mov-
ing the non-stance limb in anterior (ANT), posteromedial 
(PM), and posterolateral (PL) directions.21,28,29 The YBT is 
portable and easy to administer, and it requires little train-
ing, making it practical to use in multiple settings.8,25,28,29 

Recently, a relaiblity and validity study aimed to determine 
the inter-rater reliability of the YBT and to compare dy-
namic balance between young adults with CLBP and an 
asymptomatic group found that the YBT had an excellent 
inter-rater reliability, with intraclss correlation coefficients 
ranging from 0.99 to 1.0. In addition, the CLBP group had a 
significantly lower composite score (p < 0.001) and shorter 
reach distances in the ANT (p = 0.023), PM (p < 0.001), and 
PL (p = 0.001) directions than the asymptomatic group.25 

Initial evidence regarding the effect of SSEs on postural 
control in patients with LBP has been encouraging; how-
ever, balance measures used in these studies primarily as-
sessed static postural control and did not have dynamic 
components, which are imperative for performing daily 
functional activities. Additionally, these static balance tests 
are impractical for use in clinical settings. Given that dy-
namic balance is a vital aspect of everyday life and that di-
minished balance is a well-recognized impairment in indi-
viduals with LBP, including athletic patients with CLBP who 
are physically active, it is important to routinely include a 
relatively quick and cost-effective balance test in physical 
therapy (PT) practice, and to incorporate an exercise pro-
gram that is useful for maintaining and improving balance 
in LBP populations. However, there is a lack of evidence 
supporting the effectiveness of SSEs on improving dynamic 
balance. To date, no randomized clinical trials have been 
conducted to assess the effectiveness of SSEs on dynamic 
balance in adults with CLBP using the YBT. Therefore, the 
primary purpose of this study was to determine the effec-
tiveness of SSEs on dynamic balance in adults with CLBP. 
The secondary purpose of this study was to examine 
whether or not the participants who received an SSE pro-
gram (treatment group) would have greater improvement in 
pain intensity and disability level than those who received a 
general exercise (GE) program (placebo group). The GE pro-
gram consisted of general range-of-motion (ROM) and flex-
ibility exercises. 
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METHODS 

STUDY DESIGN 

This study was a double-blinded randomized clinical trial, 
to compare two exercise programs: SSE vs. GE on dynamic 
balance, pain intensity, and disability level in adults with 
CLBP. The two independent variables were group, which 
was a between-subject factor, and time, which was a 
within-subject factor. The independent variable of group 
had two levels: (1) the treatment group which received 
SSEs, and (2) the placebo group, which received general 
ROM and flexibility exercises. The independent variable 
of time had four levels: baseline, and 2 weeks, 4 weeks, 
and 8 weeks after intervention. The three dependent vari-
ables were: (1) dynamic balance measured by the YBT, (2) 
pain intensity measured by the Numeric Pain Rating Scale 
(NPRS), and (3) disability level measured by the Modified 
Oswestry Low Back Pain Disability Questionnaire (OSW). 

PARTICIPANTS 

The sample size for this study was determined based on a 
priori power analysis using G*Power version 3.1.9 using a 
small-to-medium effect size of 0.20 and an alpha level of 
0.05.30 Based on the analysis, 40 participants were needed 
to ensure an adequate power level of 0.80 for a mixed-
model analysis of variance (ANOVA) test. Participants were 
recruited regardless of ethnicity, sex, or race through flyers, 
word of mouth marketing, and emails. Approval from the 
Texas Woman’s University institutional review board was 
obtained for the study, and it was registered with Clinical-
Trials.gov (NCT03597191). Once the participant agreed to 
participate in the study, the participant signed a written 
informed consent form. Consenting participants were 
screened for their eligibility, and those who qualified were 
assigned randomly to one of the two groups. Eligible par-
ticipants were individuals who had CLBP (back pain for a 
duration of more than 12 weeks).2 Additional inclusion cri-
teria included: (1) age of 18 to 65 years; (2) ability to under-
stand, speak, and follow verbal instructions in English; and 
(3) a minimum pain intensity score of 2/10 using the NPRS 
in the past week. 
Participants were excluded from the study if they have 

had or reported any of the following: (1) serious spinal con-
ditions, such as fracture, infection, or tumor; (2) signs of 
nerve root compression; (3) a history of lower extremity or 
lumbar spine surgery; (4) a history of hip, knee, or ankle 
pain in the previous two years; (5) current pregnancy; (6) 
systemic disease (e.g., rheumatologic or neurological dis-
orders); (7) vestibular or other balance disorders; (8) ongo-
ing treatment for inner ear, sinus, or upper respiratory in-
fection; (9) a concussion within the previous three months; 
(10) a history of falls or fear of falling; and (11) a need for 
any form of walking aids (cane, walker). Participants were 
screened with neurological tests, which included reflexes, 
sensation, strength, and the straight-leg-raise (SLR) test for 
the lower extremities to further assess their eligibility for 
the study. The SLR test was considered positive when pain 
referred below the knee was present during passive SLR 

testing and was used to rule out participants with lumbar 
radiculopathy. These neurological tests are parts of a stan-
dard PT examination used in clinics for assessing neurolog-
ical signs and symptoms. In addition, a physical examina-
tion was performed based on the test procedures described 
by Hicks et al.14 

INSTRUMENTATION AND OUTCOME MEASURES 

The Y-Balance Test Kit (Functional Movement Systems, Inc. 
Chatham, VA) was used to assess dynamic balance in this 
study. This kit contains a single central stance platform 
with three moveable reach indicators arranged in the ANT, 
PM, and PL directions. Dynamic balance of an individual is 
quantified by measuring how far the individual places the 
reach indicator relative to the stance platform while main-
taining a unilateral stance. A farther reach distance is in-
dicative of a greater dynamic balance.28 The YBT has been 
shown to be a reliable measure of dynamic balance, with 
intraclass correlation coefficients (ICCs) ranging from 0.85 
to 0.91 for intra-tester reliability, and from 0.99 to 1.00 for 
inter-tester reliability.28 The reliability of composite reach 
scores has been reported to be good-to-excellent, with the 
ICCs being 0.91 for intra-tester and 0.99 for inter-tester re-
liability. The YBT has a minimal detectable change of 8.62 
centimeters.28 The reach distances were measured in cen-
timeters and were averaged and normalized to the partici-
pant’s leg length. Leg length was measured twice for each 
leg, and the two measurements were averaged. In partic-
ular, participants’ leg length was measured to the nearest 
millimeter using a tape measure from the inferior tip of the 
anterior superior iliac spine to the distal border of the ip-
silateral medial malleolus with the participant lying supine 
on an examination table.25 The composite score was cal-
culated by taking the average between the right and the 
left reach distances for all three directions and then sum-
ming the averages of the three reach directions. The score 
was then divided by three times the average leg length and 
multiplied by 100.31 The YBT composite scores were used 
for statistical analysis and collected at baseline, two weeks, 
four weeks, and eight weeks after intervention was initi-
ated. 

EXAMINERS 

Two investigators participated in this study. Investigator 
#1, the primary investigator (PI) was blinded to partici-
pants’ group assignment and intervention and performed 
the eligibility screening and standard PT examination for 
all participants. In addition, the PI collected the pre- and 
post-intervention measurements of dynamic balance using 
the YBT, pain scores using the NPRS, and disability level 
using the OSW. Investigator #2 was blinded to participants’ 
pre- and post-intervention measurements and was respon-
sible for group allocation and administering the interven-
tion, either an SSE program or a GE program, to partici-
pants in both groups. 
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PROCEDURES 

Eligible participants filled out an intake form, including 
questions about demographic data (age, sex, height, 
weight, occupation, limb dominance), duration of symp-
toms, painful side of the LBP, and physical activity level 
(minutes per week). The leg dominance was determined by 
asking the participants to report their preferred leg used 
when kicking a ball.32 In addition, participants completed 
the Fear-Avoidance Beliefs Questionnaire (FABQ) and Pa-
tient-Reported Outcomes Measurement Information Sys-
tem®-29 (PROMIS-29), which were used to describe the 
participants of this study. All participants were asked to 
rate their average pain intensity in the low back in the past 
week and to rate their current pain level using NPRS. Next, 
participants were asked to complete the OSW. The FABQ, 
PROMIS-29, NPRS, and OSW have been reliable and valid 
tools for assessing LBP-related fear-avoidance beliefs, par-
ticipants’ traits, pain intensity, and perceived disability, re-
spectively.33–38 

Next, the YBT was used to assess participants’ dynamic 
balance. Each participant’s leg length was measured bilat-
erally in centimeters and was used to normalize reach dis-
tances because leg length has been shown to be a factor 
affecting YBT performance.39 Next, each participant was 
asked to slide a reach indicator along a pipe in the three 
testing directions: ANT, PM, and PL on both legs as de-
scribed in details by Alshehre et al.25 The PI was responsi-
ble for giving verbal instructions and visual demonstrations 
of the YBT, as well as recording the YBT measures. The trial 
was discarded and retried when the participant (1) moved 
the foot of the stance leg from the platform or crossed the 
marked line, (2) kicked, pushed, or stepped on the reach in-
dicator, (3) touched the floor with the reaching leg, or (4) 
lost balance before returning to the standing position. To 
reduce fatigue, participants were given a rest of a minimum 
10 seconds between each reach and 30 seconds between 
each direction of testing.40 The reach distance was mea-
sured to the nearest centimeters by reading the line at the 
proximal edge of the reach indicator. Three successful test 
trials in each direction (ANT, PM, and PL) on each leg were 
recorded and normalized to the leg length and the compos-
ite score was used for data analysis. 

INTERVENTIONS 

Participants in the treatment group were instructed in the 
SSEs, modeled after the SSE program designed by Hicks et 
al.14 Each participant was instructed to perform four exer-
cises in total, one exercise from each of the following four 
categories: (a) abdominal bracing, (b) quadruped, (c) prone 
plank, and (d) side plank exercises. Each exercise was pro-
gressed and advanced in difficulty by increasing repetitions, 
hold times, and/or extremity movements. For the SSEs, the 
progression of exercises was based on the participants’ per-
formance at each supervised PT session based on pre-es-
tablished criteria by Hicks et al.14 The SSE program and cri-
teria for progression are listed in Appendix A. 
The placebo group performed a GE program, consisting 

of ROM and flexibility exercises for the low back and lower 

extremities. Each participant was instructed to perform 
four exercises in total, one exercise from each of the fol-
lowing four categories: (a) knee to chest, (b) lower trunk 
rotation, (c) prone press-ups, and (d) hamstring stretch 
exercises. These exercises were progressed by increasing 
repetitions and pain-free ROM. The exercise programs and 
criteria for progression are listed in Appendix B. 
On the first visit, the participants in both groups were 

instructed in the exercises at a level that they could perform 
without pain. All participants were provided exercise hand-
outs and also were asked to fill out an exercise log form to 
track the frequency of their home exercise sessions and to 
determine their compliance. In both groups, Investigator #2 
instructed and corrected performance when necessary, and 
progressed the exercise program for each participant. As 
such, when participants performed the exercise with proper 
technique and without any rest breaks, they were instructed 
to progress to the next level of the exercise and were asked 
to discontinue the previous level of that exercise from their 
program. The proper technique was achieved by instructing 
the participants to tighten their abdominal muscles while 
breathing normally and maintaining a steady continuous 
muscle contraction with no recruitment of accessory mus-
cles.41 Participants were instructed to perform the most up-
dated exercises at home once a day at least five times a 
week. 
The participants were asked to attend a total of four to 

eight supervised PT sessions and one follow-up session af-
ter the four-week intervention was completed for exercise 
progression and to ensure that they performed the exer-
cises properly. Each session took about 30 to 45 minutes 
for exercise progression or an hour for collection of out-
come measures and exercise progression. The intervention 
frequency and duration were chosen to reflect common PT 
practice. Each participant also was asked to perform their 
assigned exercise program at least five times per week, and 
the on-site visits were counted toward the required exer-
cise frequency. After the 4-week intervention, each partici-
pant was asked to continue their exercise program at home 
five times a week for another four weeks. On their follow-up 
visit at week eight, the participants were instructed on how 
to progress their exercises. 
All participants were instructed to bring the exercise 

log to each visit and to submit it to the investigators at 
the eight-week follow-up in order to determine compliance 
with the program. The average compliance was calculated 
using the completed exercise sessions divided by the pre-
scribed exercise sessions. This equals to the number of ex-
ercise sessions completed out of the total possible exercise 
sessions. For this study, the average compliance for com-
pleting the prescribed home exercise program for the first 
four weeks (supervised PT sessions), the last four weeks 
(unsupervised PT sessions), and the total compliance for 
the duration of the study for both groups was calculated. 

DATA ANALYSIS 

All statistical analyses were performed using SPSS Statis-
tics, Version 25 (IBM Corp., Armonk, NY, USA). Descriptive 
statistics, including frequencies, means, and standard de-
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viations, were calculated for the demographic data of the 
participants and the outcome measures (YBT composite 
score, NPRS, and OSW). Independent t-tests were used for 
ratio data to determine if there was a difference between 
groups at baseline, including demographic data, such as 
age, weight, height, body mass index, and duration of 
symptoms, and baseline outcome measures. Chi-square 
analysis was used for non-ratio data to determine between-
group differences for non-parametric baseline data, such as 
sex, onset of symptoms, pain distribution. Three separate 
2 (group) x 4 (time) analyses of variance (ANOVAs) with 
repeated measures were used to determine any differences 
in the three outcome measures between groups. Follow-up 
analysis was performed if there was a significant interac-
tion. The alpha level was set at 0.05 for all statistical analy-
ses. 

RESULTS 

Fifty-three participants were recruited for the study and 
were also assessed for other outcomes. The CONSORT di-
agram in Figure 1 summarizes the screening, enrollment, 
randomization, and analysis of participants for this study. 
The 40 participants who completed this study were gener-
ally young with an average age of 39.9 ± 12.5 years and a 
range of 21 to 64 years. Both groups had lower physical ac-
tivity levels (99.7 ± 145.1) than the recommended weekly 
minutes by the 2008 guidelines for adults, which is a mini-
mum of 150 minutes per week.42 All participants had CLBP 
without signs of lumbar radiculopathy, with symptoms av-
eraging for 95.2 ± 87.5 months. In addition, the participants 
had an average NPRS score of 3.5 ± 1.6 and an average OSW 
score of 18.1 ± 9.1, indicating that participants, in general, 
had relatively low pain intensity and a mild disability level. 
Table 1 describes the characteristics of the participants who 
completed the study. 

OUTCOME MEASUREMENTS 

Table 2 displays the means and the standard deviations 
for the YBT, NPRS, and OSW at each time point. All three 
outcome measurements showed no significant differences 
between groups at baseline, except in the YBT composite 
scores. There was a significant difference in the dynamic 
balance between groups (t = -2.575, p = 0.014), with a lower 
YBT composite score in the GE group (72.9 ± 14.0) than in 
the SSE group (82.1 ± 7.7). Therefore, 2 x 4 ANCOVA with 
repeated measures was performed with the baseline YBT 
composite scores of all participants were used as covariates. 
The ANCOVA results revealed a statistically significant in-
teraction of group by time for dynamic balance (F = 7.146, p 
< 0.001, partial η2 = 0.162), which indicates that there was a 
difference between the GE and SSE groups in dynamic bal-
ance over eight weeks as presented in Figure 2. Six sepa-
rate 2 x 2 ANCOVAs with repeated measures were used to 
test for between-group differences in dynamic balance. A 
significant difference was found between groups from four 
weeks (p < 0.001) and eight weeks (p = 0.007) compared to 
baseline, and from two weeks to four weeks (p = 0.002), with 

the SSE group demonstrating higher YBT composite scores 
than the GE group. However, there were no statistically sig-
nificant differences from baseline to two weeks (p = 0.098), 
two weeks to eight weeks (p = 0.107), and four weeks to 
eight weeks (p = 0.413) between groups. In addition, a sig-
nificant main effect of time on the dynamic balance was 
found. Both groups demonstrated a significant improve-
ment in dynamic balance from baseline to two weeks (p < 
0.001), 2 weeks to 4 weeks (p = 0.023), and two weeks to 
eight weeks (p = 0.004), but there was no statistically signif-
icant difference from four weeks to eight weeks (p = 0.144) 
(Figure 2). 
The ANOVA with repeated measures for the NPRS and 

OSW scores revealed no statistically significant interaction 
of group by time (F = 1.185, p = 0.319, partial η2 = 0.030), (F 
= 0.538, p = 0.605, partial η2 = 0.014), respectively. However, 
there was a significant main effect of time (p < 0.001) for 
both the NPRS and OSW scores. However, a significant main 
effect of time (p < 0.001) for both the NPRS and OSW scores 
was found. Post-hoc pair-wise comparisons showed signif-
icantly lower NPRS scores from baseline to two weeks (p = 
0.007), from two weeks to four weeks (p < 0.001), but there 
was no statistically significant difference from four weeks 
to eight weeks (p = 0.818) (Figure 3). Similarly, post-hoc 
pair-wise reveled that both groups demonstrated a signifi-
cant reduction in disability level from baseline to two weeks 
(p = 0.017), from two weeks to four weeks (p = 0.047), but 
there was no statistically significant difference from four 
weeks to eight weeks (p = 0.117) (Figure 4). 

HOME EXERCISE COMPLIANCE 

Table 3 lists the means, the standard deviations, and the 
compliance rates for home exercise compliance for both 
groups. No significant differences in compliance between 
the two groups for the duration of the study. However, 
paired t-tests for within-group differences revealed that the 
home exercise compliance was significantly higher during 
the first four weeks after initiating the intervention as com-
pared to the last four weeks of intervention for both groups 
(t = 2.456, p = 0.024 for GE group, t = 2.163, p = 0.044 
for SSE group). This indicates that all participants regard-
less of group performed their home exercises more often in 
the first four weeks, which included supervised PT sessions 
than they did in the last four weeks, which had no super-
vised PT sessions. 

DISCUSSION 

The results of this study show that four-week supervised 
SSEs were superior to GEs in improving dynamic balance 
in adults with CLBP after eight weeks of intervention. This 
implies that the SSE group was able to demonstrate better 
dynamic balance than the GE group for the first four weeks 
after initiating intervention, which included home exer-
cises and supervised PT sessions. Then, the SSE group 
maintained the improvement of the first four weeks but 
showed no improvement in dynamic balance during the last 
four weeks, which included the participants performing ex-
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Figure 1. Consort diagram of participants’ screening, enrollment, randomization, and analysis.          

ercises at home with no supervised PT sessions. However, 
there was no difference between the GE and the SSE groups 
in dynamic balance during the last four weeks of the inter-
vention. These results support previous studies,19,20 which 
have shown that those with LBP who received SSEs for four 
weeks had significantly improved balance as compared to 
a control group. However, these two studies utilized dif-
ferent methods than the method used in the current study 
to assess balance, as Kim et al.19 and Rhee et al.20 used a 
pressure platform and force plates, respectively, to measure 
CoP excursions for balance ability. The authors of the prior 
studies hypothesized that SSEs might have improved neu-
romuscular responses to compensate for postural control 
deficits in patients with LBP.19,20 

Given that balance is a motor control process which reg-
ulates movement quality and creates stability; improved 
neuromuscular control in this patient population can be 
achieved in part through strength from the lumbar spinal 
stabilizer muscles.43 Previous evidence has shown a delay 
in the firing of the deep abdominal muscles and decreased 
recruitment of the transversus abdominus and lumbar mul-
tifidus muscles in patients with CLBP as compared to 
asymptomatic individuals.14–17 Evidence also suggests that 

altered lumbar proprioception in those with LBP may cause 
reweighting of visual and vestibular sensory inputs to com-
pensate for impaired proprioception in order to maintain 
an individual’s balance.44 An SSE program is a motor con-
trol intervention which has been used to retrain proper ac-
tivation and coordination of the trunk musculature to in-
crease spinal stability and reduce pain.14,18 In particular, 
spinal stabilization muscles, such as transversus abdominis 
and lumbar multifidi have been reported to play a major 
role in maintaining postural stability. Proper activation of 
these muscles in a feedforward mechanism reduces dis-
placement of the body’s center of gravity.15 Based on these 
findings, it is speculated that SSEs may minimize faulty 
movement strategies and compensatory muscle contrac-
tions by properly coordinating abdominal and back muscu-
lature during functional tasks in the SSE group, which pos-
sibly led to better dynamic balance performance following 
the SSE program. 
In contrast, a previous study reported that four weeks of 

SSEs combined with usual PT care (hot pack, ultrasound, 
and transcutaneous electric nerve stimulation) compared 
to usual PT care alone did not show greater improvement 
in postural control in patients with CLBP.45 However, bal-
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Table 1. Participants Characteristics at Baseline (Mean ± Standard Deviation)         

All Participants 
(n = 40) 

GE Group 
(n = 20) 

SSE Group 
(n = 20) 

p-value 

Age (years) 39.9 ± 12.5 41.0 ± 13.3 38.8 ± 11.8 0.583 

Sex 0.337 

Males 23 (57.5%) 10 (50%) 13 (65%) 

Females 17 (42.5%) 10 (50%) 7 (35%) 

Weight (kg) 79.8 ± 15.7 81.1 ± 15.8 78.6 ± 16.0 0.625 

Height (cm) 169.7 ± 10.1 172.3 ± 10.0 167.2 ± 9.8 0.112 

BMI (kg/m2) 28.0 ± 6.6 27.5 ± 5.5 28.6 ± 7.7 0.612 

Leg dominance 0.292 

Right 36 (90%) 19 (95%) 17 (85%) 

Left 4 (10%) 1 (5%) 3 (15%) 

Physical activity (min/wk.) 99.7 ± 145.1 113.5 ± 127.8 86.0 ± 162.9 0.556 

Duration of LBP (months) 95.2 ± 87.5 111.9 ± 86.3 78.6 ± 87.7 0.234 

Onset of LBP 1.000 

Gradual 36 (90%) 18 (90%) 18 (90%) 

Traumatic 4 (10%) 2 (10%) 2 (10%) 

Painful side of LBP 0.803 

Bilateral (Central) 14 (35%) 8 (40%) 6 (30%) 

Unilateral 26 (65%) 

Right LBP 13 (32.5%) 6 (30%) 7 (35%) 

Left LBP 13 (32.5%) 6 (30%) 7 (35%) 

Pain distribution 0.705 

LBP Only 30 (75%) 15 (75%) 15 (75%) 

Above the knee 1 (2.5%) 1 (5%) 0 

Below the knee 9 (22.5%) 4 (20%) 5 (25%) 

FABQ 

Physical activity scale 10.1 ± 6.5 10.1 ± 5.6 10.1 ± 7.4 1.000 

Work scale 8.4 ± 7.4 7.2 ± 8.1 9.5 ± 6.7 0.344 

PROMIS-29a 

Physical functionb 43.4 ± 2.4 43.4 ± 2.4 43.4 ± 2.4 0.512 

Anxietyb 51.2 ± 3.1 51.2 ± 3.1 53.7 ± 2.8 0.795 

Depressionb 49.0 ± 3.2 49.0 ± 3.2 49.0 ± 3.2 0.815 

Fatigueb 55.1 ± 2.4 53.1 ± 2.4 57.0 ± 2.3 0.229 

Sleep disturbanceb 52.4 ± 3.4 52.4 ± 3.4 52.4 ± 3.4 0.695 

Social rolesb 51.9 ± 2.2 53.7 ± 2.3 51.9 ± 2.2 0.487 

Pain interferenceb 57.1 ± 1.9 57.1 ± 1.9 55.6 ± 1.9 0.558 

Pain intensity (0-10) 4.3 ± 1.8 4.4 ± 2.3 4.1 ± 1.2 0.549 

Impact score (8-50)c 20.1 ± 6.6 20.3 ± 6.5 19.9 ± 6.9 0.852 

NPRS (0-10) 

Current 3.5 ± 1.6 3.5 ± 1.9 3.4 ± 1.3 0.846 

Average, past wk. 4.7 ± 1.8 5.0 ± 2.2 4.5 ± 1.4 0.397 

OSW (%) 18.1 ± 9.1 18.1 ± 9.4 18.2 ± 9.1 0.973 

YBT composite score (%LL) 77.5 ± 12.1 72.9 ± 14.0 82.1 ± 7.7 0.014* 

GE = general exercise program, SSE = spinal stabilization exercise program, Kg = kilogram, cm = centimeter, m = meter, BMI = body mass index, min= minute, wk. = week, FABQ = 
Fear-Avoidance Beliefs Questionnaire, PROMIS-29 = Patient Reported Outcomes Measurement Information System, NPRS = Numeric Pain Rating Scale, OSW = Modified Oswestry 
Low Back Pain Disability Questionnaire, YBT = Y-Balance Test, %LL = Composite score normalized to leg length expressed as a percentage. 
* indicates statistically significant, p < 0.05.a = p-values were computed using the raw scores, b = T-scores (population mean 50, standard deviation 10) available at the Assessment 
Center℠ website: http://assessmentcenter.net., c Impact score= Calculated as the sum of the reversed raw physical function score plus the raw pain interference score plus the pain 
intensity score. 
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Table 2. Outcome Measurements (Mean ± Standard Deviation) at Baseline, 2 Weeks, 4 Weeks, and 8 Weeks after                 
initiating intervention   

All Participants 
(n = 40) 

GE Group 
(n = 20) 

SSE Group 
(n = 20) 

p-value 

Dynamic balance (YBT, %LL) 

Baseline 77.5 ± 12.1 72.9 ± 14.0 82.1 ± 7.7 0.014* 

2 weeks 83.2 ± 11.8 79.6 ± 13.3 86.8 ± 9.0 

4 weeks 84.8 ± 9.9 80.7 ± 11.8 88.8 ± 5.5 

8 weeks 86.0 ± 10.8 83.3 ± 12.0 88.7 ± 8.9 

Pain intensity (NPRS, 1-10) 

Baseline 3.5 ± 1.6 3.5 ± 1.9 3.4 ± 1.3 0.846 

2 weeks 2.9 ± 1.5 3.2 ± 1.8 2.5 ± 1.1 

4 weeks 1.9 ± 1.7 2.2 ± 2.1 1.6 ± 1.1 

8 weeks 2.0 ± 1.9 1.9 ± 1.9 2.0 ± 1.9 

Disability level (OSW, 0-100%) 

Baseline 18.1 ± 9.1 18.1 ± 9.4 18.2 ± 9.1 0.973 

2 weeks 15.7 ± 9.1 16.3 ± 9.1 15.1 ± 9.4 

4 weeks 14.0 ± 9.8 15.4 ± 9.6 12.7 ± 9.9 

8 weeks 12.3 ± 10.9 12.6 ± 9.1 12.0 ± 12.6 

GE = general exercise program, SSE = spinal stabilization exercise program, p-values for between-group differences were determined by independent t-tests. YBT = Y-Balance Test, 
%LL = Composite score normalized to leg length expressed as a percentage, NPRS = Numeric Pain Rating Scale, OSW = Modified Oswestry Low Back Pain Disability Questionnaire. 
* indicates statistically significant, p < 0.05. 

Figure 2. Dynamic balance as measured by the Y-Balance Test (YBT) at baseline, and 2 weeks, 4 weeks, and 8                   
weeks after intervention was initiated, for both the general exercise (GE) group and the spinal-stabilization                
exercise (SSE) group.    

ance was assessed differently between the studies. Salavati 
et al.45 assessed postural control using a Biodex Balance 
System®. In the current study, balance was measured using 
the YBT, which could be considered a more challenging bal-

ance task. It also could be argued that the two studies mea-
sured different constructs related to balance. 
After the four-week supervised intervention, there was 

a trend that the GE group improved in dynamic balance 
during the last four weeks of the study. The GEs were de-
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Figure 3. Pain intensity as measured by the Numeric Pain Rating Scale (NPRS) at baseline, and 2 weeks, 4 weeks,                   
and 8 weeks after intervention was initiated, for both the general exercise (GE) group and the spinal-                
stabilization exercise (SSE) group.     

Figure 4. Disability level as measured by the Modified Oswestry Low Back Pain Disability Questionnaire (OSW) at                
baseline, and 2 weeks, 4 weeks, and 8 weeks after intervention was initiated, for both the general exercise (GE)                    
group and the spinal-stabilization exercise (SSE) group.        

signed to be similar to the SSEs in terms of frequency, du-
ration, and number of one-on-one supervised PT sessions 
as well as contact time with the treating physical thera-
pist. It is likely that the GEs, which consisted of ROM and 
flexibility exercises for the low back and lower extremities, 

could be learned more easily and performed independently 
at home by the participants, whereas SSEs may require su-
pervised PT training. The SSEs could be considered a more 
complex exercise regimen and may require higher cogni-
tive skills to be learned and performed as compared to the 
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Table 3. Home Exercise Compliance (Mean ± Standard Deviation)        

All Participants 
(n = 40) 

GE Group 
(n = 20) 

SSE Group 
(n = 20) 

Between-group 
p-value 

0-4 weeks (%) 85.9 ± 14.8 88.0 ± 15.6 83.7 ± 13.9 0.369 

5-8 weeks (%) 76.1 ± 22.7 77.5 ± 25.4 74.7 ± 20.4 0.707 

Total (%) 81.0 ± 16.7 82.7 ± 18.8 79.2 ± 14.8 0.516 

Within-group p-value 0.002* 0.024* 0.044* 

GE = general exercise program, SSE = spinal stabilization exercise program, p-values were determined by independent t-tests for between-group differences and paired t-tests for 
within-group differences. The within-group difference for both groups was determined by comparing the compliance of the first four weeks with the last four weeks.* indicates statis-
tically significant, p < 0.05. 

GEs. In addition, in terms of exercises intensity, it could be 
argued that level three of the GEs could be easier to per-
form, whereas level three of the SSEs could be considered 
more difficult, requiring more effort and PT supervision 
to perform correctly. Therefore, it is possible that the SSE 
group did not show continued improvements on dynamic 
balance because the effort needed to perform the SSEs was 
not to the same level of intensity it was for the first four 
weeks, which included PT supervision. However, it is also 
not certain whether the SSE group used proper exercise 
form during the unsupervised portion of the intervention. 
In addition, evidence has demonstrated that lower-extrem-
ity flexibility could affect YBT performance in healthy pop-
ulations.46,47 Therefore, the GE group could have poten-
tially increased lower-extremity flexibility after eight weeks 
of intervention and therefore could have been able to reach 
farther distances during the YBT. However, lower-extremity 
ROM was not assessed after implementing the intervention 
in this study, so it was not certain whether the improve-
ment on the YBT performance is the result of increased 
lower-extremity flexibility. 
The results of this study also indicate that all partic-

ipants, regardless of intervention, made significant im-
provement in dynamic balance after eight weeks. A point of 
discussion here is that it is apparent that YBT performance 
may require both spinal stability and ROM/lower-extremity 
flexibility since both exercise programs seemed to help im-
prove dynamic balance performance after eight weeks. It is 
also important to note that the small magnitude of change 
observed in dynamic balance in this study during the last 
four weeks may be due to the unsupervised nature of the 
exercises. In this study, home exercise compliance was sig-
nificantly higher during the first four weeks after initiating 
the intervention as compared to the last four weeks for both 
groups. This indicates that all participants performed their 
home exercises more often in the first four weeks, which 
included supervised PT sessions, than they did in the last 
four weeks, which had no supervised PT sessions. Evidence 
has shown that PT supervised SSEs were shown to be more 
effective than the unsupervised PT SSEs in patients with 
LBP.41 

All participants regardless of the intervention they re-
ceived showed significant improvements in pain intensity 
and disability level over eight weeks. However, the decrease 
in pain intensity and disability level did not exceed the 
MCID or MDC, which is 2 points for the NPRS and 10 points 
for the OSW in patients with CLBP.36,48 This finding agrees 

with a pooled analysis that reported no significant bene-
fits for pain or disability between SSEs versus other forms 
of active exercises. The authors indicated that improve-
ments were minimal and not regarded as clinically sig-
nificant.49 In addition, Salavati et al.45 reported that four 
weeks of SSEs combined with usual PT care as compared to 
usual PT care alone resulted in no significant improvement 
in pain and disability ratings in patients with CLBP. The 
trend toward better results in pain intensity and disabil-
ity level suggests that significant changes may take longer 
than eight weeks to become detectable. 
The current study is unique because it is the first to as-

sess the effectiveness of SSEs on dynamic balance in adults 
with CLBP using the YBT. This study evaluated dynamic 
balance in a multi-planar manner while performing dy-
namic tasks that considerably challenged the stability of 
the spine. This study also demonstrates that the YBT is able 
to detect change in dynamic balance over time, suggesting 
that the YBT may be a useful tool for clinicians to assess 
dynamic balance deficits in patients with CLBP and monitor 
treatment progression. A better understanding of impair-
ments associated with LBP would assist clinicians in de-
veloping personalized intervention programs and individu-
alizing exercise prescription to address those identified at 
high risk for recurrent LBP. 

STRENGTHS AND LIMITATIONS OF THE STUDY 

Strengths of this study include the implementation of a 
double blinded, concealed allocation randomized clinical 
trial design in which the participants and the investigators 
were blinded. Specifically, one investigator was fully 
blinded to the participants’ group allocation and interven-
tion while the other investigator was blinded to the partic-
ipants’ pre- and post-intervention measurements. All par-
ticipants were not informed whether they were assigned to 
the placebo or to the treatment group. Therefore, the de-
sign of the study provided control over potentially impor-
tant sources of bias, so that the observed effects of the 
implemented interventions were less likely to be due to 
chance. However, there are limitations in this study. First, 
participants were recruited by means of advertisements; 
therefore, it is possible that individuals seeking medical 
care for their LBP are different from those responding to 
an advertisement, thus limiting the generalizability of the 
study results. In addition, only individuals with CLBP were 
enrolled in the study. Therefore, the findings are not ap-
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plicable for individuals with acute or subacute LBP. Another 
possible limitation is that participants reported low pain 
intensity, mild disability level, and low physical activity 
level which limits the generalizability of findings to non-
athlete individuals with mild pain and disability levels. 
Lastly, although efforts were made to control the potential 
influence of confounding factors that may affect YBT per-
formance, factors such as knee and ankle strength and joint 
ROM were not investigated. 

RECOMMENDATIONS FOR FUTURE RESEARCH 

Future studies are warranted with supervised SSEs and 
long-term follow-up to examine the effectiveness of these 
exercises on dynamic balance in individuals with LBP. In 
addition, future studies should consider measuring partic-
ipants’ lower-extremity ROM across the study. Lastly, fu-
ture research is needed to determine which directions of 
the YBT are the most sensitive to dynamic balance changes 
in LBP populations. 

CONCLUSION 

The results of this study show SSEs to be more effective 
than GEs in improving dynamic balance, but not pain in-
tensity nor disability level in adults with CLBP. Specifically, 
four weeks of supervised SSEs along with a home exercise 

program is more effective in improving dynamic balance 
than GEs in participants with CLBP in four weeks. However, 
GEs appeared to have an effect equivalent to that of SSEs 
after four weeks of supervised intervention and another 
four weeks of unsupervised intervention. In addition, all 
participants had reduction in pain intensity and disability 
level over eight weeks after the intervention. However, no 
differences were found between groups, and the decrease in 
pain intensity and disability level did not exceed the MCID 
or MDC. The results of the study provide evidence for clini-
cians to include SSEs for improving dynamic balance in the 
management of patients with CLBP. 
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Background  
The Bodyblade™ has the potential of enhancing conservative management of Traumatic 
Anterior Shoulder Instability (TASI). 

Purpose  
The purpose of this study was to compare three different protocols: Traditional, 
Bodyblade™, and Mixed (Traditional & Bodyblade™) for shoulder rehabilitation on 
athletes with TASI. 

Study Design   
Randomized-controlled longitudinal training study. 

Methods  
Thirty-seven athletes (age = 19.9±2.0 years) were allocated into Traditional, Bodyblade™, 
and Mixed (Traditional/Bodyblade™) training groups (3×week for 8-weeks). The 
traditional group used resistance bands (10-15 repetitions). The Bodyblade™ group 
transitioned from classic to the pro model (30-60-s repetitions). The mixed group 
converted from the traditional (weeks 1-4) to the Bodyblade™ (weeks 5-8) protocol. 
Western Ontario Shoulder Index (WOSI) and the UQYBT were evaluated at baseline, 
mid-test, post-test, and at a three-month follow-up. A repeated-measures ANOVA design 
evaluated within and between-group differences. 

Results  
All three groups significantly (p=0.001, eta2: 0.496) exceeded WOSI baseline scores (at all 
timepoints) with training (Traditional: 45.6%, 59.4%, and 59.7%, Bodyblade™: 26.6%, 
56.5%, and 58.4%, Mixed: 35.9%, 43.3% and 50.4% respectively). Additionally, there was a 
significant (p=0.001, eta2: 0.607) effect for time with mid-test, post-test and follow-up 
exceeding baseline scores by 35.2%, 53.2% and 43.7%, respectively. The Traditional and 
Bodyblade™ groups (p=0.049, eta2: 0.130) exceeded the Mixed group UQYBT at post-test 
(8.4%) and at three-month follow-up (19.6%). A main effect (p=0.03, eta2: 0.241) for time 
indicated that WOSI mid-test, post-test and follow-up exceeded the baseline scores by 
4.3%, 6.3% and 5.3%. 

Conclusions  
All three training groups improved their scores on the WOSI. The Traditional and 
Bodyblade™ groups demonstrated significant improvements in UQYBT inferolateral 
reach scores at post-test and three-month follow-up compared to the Mixed group. These 
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findings could lend further credibility to the role of the Bodyblade as an early to 
intermediate rehabilitation tool. 

LEVEL OF EVIDENCE    
3 

INTRODUCTION 

The glenohumeral joint requires the coordinated neuro-
muscular interaction of several cooperative joints, balanc-
ing its contrasting roles of mobility and stability. The in-
creased mobility can contribute to shoulder 
instability-related injuries1,2 such as traumatic anterior 
shoulder instability (TASI). TASI generally occurs when ex-
cessive forces during a traumatic event displace the 
humeral head anteriorly, out of the shoulder socket, result-
ing in the joint surfaces completely losing contact3 and may 
lead to recurrent anterior shoulder instability. 
The shoulder is the most frequently dislocated joint; oc-

curring in 8.2-23.9 per 100,000 people per year.3 Follow-
ing TASI, there is a higher risk (39%) of experiencing re-
current anterior shoulder dislocation.4 Estimates of TASI in 
various countries reported incidences per 100,000 of 23.9 
(USA), 23.1 (Canada), 27.5 (Sweden), 56.3 (Norway), and 
12.3 (Denmark). TASI incidence is highest in the late teens 
and early twenties (15-20 years, proportion of recurrent 
instability: 51%), and is attenuated with increasing age 
(21-40 years, proportion of recurrent instability: 36%) with 
higher incidence in males (71.8%) and in athletes.5–7 

Within the National Collegiate Athletic Association, gleno-
humeral instability occurs 12% per 1000 athlete exposures 
with the time lost to the sport on average greater than 10 
days,8 with a return to normal activity ranging from five 
days to six months.9 

Traditional rehabilitation for shoulder dislocation has 
a success rate of only 20%.10 Commonly, the treatment 
for TASI is surgical intervention followed by rehabilita-
tion.11,12 However, 20% of surgeries after an initial TASI 
event, even amongst athletes, are unnecessary and an ad-
ditional 14% of surgeries are unsuccessful,13 and there is 
an estimated pooled failure rate of 13.7% (7.7%-19.6%) for 
arthroscopic repair of shoulder dislocation.14 Hence, more 
effective non-invasive treatment modalities would be a 
benefit to this population. 
The comprehensive conservative management approach 

to TASI requires several months to complete. Conservative 
management typically involves three to four weeks or up to 
six weeks of immobilization15 followed by a variation of re-
habilitation timelines.9 During the management of athletes 
with TASI, the demands to return to play are much higher 
than non-athletes and an accelerated program would be 
more fitting for this population. Buss et al.16 examined 30 
in-season athletes with TASI and found that they returned 
to play within 10.2 days. Consequently, ten athletes sus-
tained a recurrent instability episode, and 16 eventually un-
derwent surgical stabilization during the subsequent off-
season. Furthermore, this expeditious return to play 
protocol appeared to center around allowing athletes to re-
turn to play faster instead of considering the long-term ef-

fects. Alternative tools that could be effective in acceler-
ating recovery would be a valuable addition to the health 
professional’s tool box of rehabilitation implements. 
An oscillation tool such as the Bodyblade™ has the po-

tential to improve efficiency and efficacy in a rehabilitation 
program.17 Bodyblade™ has been shown to produce kinetic 
chain movement for the upper and lower body.18 Addi-
tionally, it has also been found in a number of studies to 
produce higher electromyography (EMG) activity than tra-
ditional rehabilitation tools,19–21 which may enhance the 
traditional conservative management approaches to TASI. 
The primary rationale for the high EMG activity could be 
due to the higher movement velocity required to oscillate 
the Bodyblade™. The increased velocity incurs enhanced 
concentric activity and decreased eccentric activity. The 
same concept occurs when slowing down the Bodyblade™, 
eccentric activity enhances, and concentric movement de-
creases.22,23 In comparison to dumbbell exercises, the 
Bodyblade™ reaches greater EMG activity exceeding 50% 
of maximum voluntary isometric contraction (MVIC)20 and 
can activate multiple muscle groups compared to other tra-
ditional rehabilitation tools. These factors lend further 
credibility to the exploration of effective and efficient oscil-
lation devices to accelerate recovery. 
There is limited research available on the benefits of 

this tool in rehabilitation. A case study10 reported on treat-
ment of an individual with a shoulder dislocation using 
a Bodyblade™ over 11 visits. Following the Bodyblade™ 
treatment, pain rating scales reduced from 4 to 0, range 
of motion measures returned within normal range with the 
exception of external rotation, strength returned and ex-
ceeded contralateral limb strength and the Western Ontario 
Shoulder Index (WOSI) decreased from 482 to 46. Oliver et 
al.21 had participants perform common shoulder rehabili-
tation exercises with the Bodyblade™ and reported mod-
erate to moderately strong activation of upper and lower 
extremity muscles suggesting that these Bodyblade™ ex-
ercises may be utilized for a shoulder rehabilitation pro-
gram. While current tools used for shoulder rehabilitation 
include elastic resistance bands, weighted balls, medicine 
balls, cuff weights, and dumbbells,19,22 Bodyblade™ has 
been found to achieve high EMG activity in the scapular 
stabilizers,22 shoulder,20 and core musculature.18,20 Hence, 
there is a dearth of research investigating the effectiveness 
of the Bodyblade™ as a major component of a sustained re-
habilitation training program 
Bodyblade™ recommends that an individual resist oscil-

lation for up to 60 seconds to improve strength, pain re-
lief, attain aerobic benefits, and improve proprioception.17 

However, these claims have not been validated. The explo-
ration of this multifaceted oscillation tool has the potential 
to improve traditional shoulder rehabilitation guidelines. 
Therefore, the purpose of this study was to compare three 
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Table 1. Demographic descriptive statistics: age, height, and mass (means ± standard deviations).            

Group N Sport Time from most 
recent injury (days) 

Age 
(yrs.) 

Height 
(cm) 

Mass 
(kg) 

Traditional 12 (5F, 7M) 3 SB, 5 FB, 
2 BB, 2 Track 

154.9±210.8 19.9±2.2 172.5±12.2 85.7±30.9 

Bodyblade™ 13 (3F, 10M) 8 FB, 2 WP, 
2 Baseball, 1 BB 

174.2±274.2 19.8±1.6 178.3±8.4 84.8±21.7 

Mixed 12 (2F, 10M) 3 Baseball, 
7 FB, 2 BB 

179.4±214.1 20.2±2.3 177.7±8.5 98.4±27.6 

BB: basketball, FB: football, SB: softball, WP: water polo 

different protocols: Traditional, Bodyblade™, and Mixed 
(Traditional & Bodyblade™), for shoulder rehabilitation on 
athletes with TASI. 

METHODS 
PARTICIPANTS 

Thirty-seven student-athletes were recruited from five 
community colleges (Table 1). Five of the 37 participants 
were left hand dominant and 14/37 had injured their left 
shoulder. The mean time since injury was 4.77±4.78 months 
with a range of one week to 12 months. Using controlled 
randomization, participants were randomly allocated re-
garding sport, training group, sex, type of athlete and time 
since injury. The sample size was justified by a priori power 
analysis (α= .05, β= .80 and meaningful effect size (ES) dif-
ference of 0.50: moderate magnitude), which indicated a 
minimum of 22 participants. Participants were considered 
to participate in the study if they had a history of TASI 
episode(s) and actively enrolled in an athletics class at their 
college. Researchers were blinded to the group allocation. 
The inclusion criteria consisted of the participant indi-

cating a TASI episode which was defined as a shoulder in-
stability event in the prior 12 months based on the Shoulder 
History Questionnaire, cleared to participate in the de-
mands of their respective sport by an orthopedic surgeon 
based on pre-participation physical examinations, or was 
cleared with recommended exercises supervised by a certi-
fied athletic trainer at selected colleges. The mechanisms of 
injury were shoulder abduction with external rotation with 
18 participants, shoulder abduction and external rotation 
with external force with 15 participants, three participants 
fell onto an outstretched hand and one participant was in-
jured swinging a baseball bat. Participants were excluded 
from the study if they had a surgical repair for shoulder 
instability, upper or lower extremity amputation, vestibu-
lar disorder, recent fractures (<6 months) to the involved 
upper extremity (clavicle, scapula, humerus, ulna, radius, 
metacarpals, or carpals), injury to the neck, elbow, hand; 
tendinitis, sprain or strain, undergone any treatment for 
the inner ear, sinus or upper respiratory tract infection, 
or concussion in the prior three months, undergone non-
surgical rehabilitation or under any care for their shoulder 
with an orthopedic surgeon, physical therapist, or athletic 
trainer. The participants were not undergoing any rehabil-

itation from a physical therapist or athletic trainer during 
the study. 
The study design consisted of a randomized-controlled 

longitudinal training study (pre-test, mid-test [4 weeks], 
post-test [8 weeks], and a three-month follow-up). Partic-
ipants were placed in one of three experimental groups. 
The Traditional (elastic resistance) protocol was designed 
to activate scapulothoracic musculature and promote opti-
mal scapular positioning (n = 12).21 The Bodyblade™ pro-
tocol intended to activate scapulothoracic musculature at 
various movement planes (n = 13).18–20,22–26 The Mixed 
group was designed to include a combination of both Tra-
ditional and Bodyblade™ protocols (n = 12). Approval for 
the study was obtained from the Institutional Review Board 
(IRB) at Rocky Mountain University (IRBNet ID # 889924-10 
– Protocol # 160443-03). The informed consent forms were 
obtained from all participants before the beginning of the 
study. 

EXERCISE PROTOCOLS 

The study was an eight-week intervention performed three 
times a week with a three-month follow-up under the guid-
ance of supervising athletic trainers. An eight-week dura-
tion was chosen as both neural and morphological changes, 
which contribute to the objective of increased strength are 
reported to occur in an eight-week training program,27,28 

and the duration would be reasonable to ensure participant 
retention. Each group progressed weekly by either progres-
sively adding resistance, repetitions, or increasing time and 
intensity. Participants needed to attend at least two ses-
sions per week and were instructed that they would be re-
moved from the study if they missed more than four ses-
sions overall. 
The Traditional protocol included four elastic resistance 

band exercises: 1) shoulder adduction, 2) shoulder exten-
sion, 3) shoulder abduction and 4) bilateral row (Figure 
1). Based on prior research by Kibler et al.,24 expectations 
were that the serratus anterior (SA) and lower trapezius 
(LT) would be activated between 15% and 30% in all four 
exercises and the upper trapezius (UT) activation between 
21% and 36% in the dynamic exercises (Shoulder Abduction 
and Bilateral Row). The anterior deltoid (AD), and posterior 
deltoid (PD), which act as both mobilizers and stabilizers 
would also be expected to be moderately active.20 The mod-
erate activation levels found in these exercises are consis-
tent with physiologic activation sequences and restoration 
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Figure 1. Traditional elastic resistance exercises (first two rows) and Bodyblade™ exercises (third row).             
Shoulder IR/ER: internal and external rotation 65º, flexion 90°, abduction 90° and flexion 180°. 

of shoulder function and are effective for asymptomatic and 
symptomatic populations.19–21,24 This protocol followed 
strengthening exercise guidelines that limit atrophy and al-
low for pain-free movement.29 

The Traditional group trained three sessions per week 
(Table 2). The guidelines followed were based on the Es-
sentials of Strength and Conditioning textbook.30 Supervis-
ing athletic trainers documented progression using the Tra-
ditional Elastic Resistance Checklist. 
The Bodyblade™ exercise protocol consisted of shoulder 

internal and external rotation (IR/ER) at 65° (transverse 
plane: longitudinal axis), shoulder flexion at 90° (sagittal 
plane: mediolateral axis), shoulder abduction at 90° 

(frontal plane: anteroposterior axis), and shoulder flexion 
at 180° (sagittal plane: mediolateral axis) (Figure 1). The 
exercises and the modified progression were based on prior 
studies.18–26 Supervising athletic trainers provided partic-
ipants with a demonstration of Bodyblade™ exercise pro-
tocols using verbal and tactile cues to maintain a neutral 
pelvis, athletic position, and shoulder retraction through-
out the selected exercises. Participants practiced with the 
selected tool until the principal investigator felt confident 
that the participant was proficient. Supervising athletic 
trainers continued to provide feedback to participants as 
instructed at the start of the study. The Bodyblade™ exer-
cises were proposed to challenge scapulothoracic muscula-
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Table 2. Traditional elastic resistance exercises and training parameters        

Exercises 
1. Shoulder Adduction 
2. Shoulder Extension 
3. Shoulder Abduction 
4. Bilateral Row 

Elastic 
Resistance 

1 set per exercise, 3 × week 

Repetitions (reps) 

Week 1 Red 10 reps, 30-45-s rest between sets 

Week 2 Red 15 reps, 45-60-s rest between sets 

Week 3 Green 10 reps, 30-45-s rest between sets 

Week 4 Green 15 reps, 45-60-s rest between sets 

Week 5 Blue 10 reps, 30-45-s rest between sets 

Week 6 Blue 15 reps, 45-60-s rest between sets 

Week 7 Black 10 reps, 30-45-s rest between sets 

Week 8 Black 15 reps, 45-60-s rest between sets 

Table 3. Bodyblade™ exercises and training parameters: Shoulder Internal Rotation / External Rotation: internal             
and external rotation 65º, flexion 90°, abduction 90° and flexion 180°.            

1. Shoulder IR/ER 65º 
2. Shoulder Flexion 90º 
3. Shoulder Abduction 90º 
4. Shoulder Flexion 180º 

Bodyblade™ 
Type 

1 set per exercise, 3 × week 

Duration 

Week 1 Classic 30-s, 30-s rest, each 

Week 2 Classic 40-s, 40-s rest, each 

Week 3 Classic 50-s, 50-s rest, each 

Week 4 Classic 60-s, 60-s rest, each 

Week 5 Pro 30-s, 30-s rest, each 

Week 6 Pro 40-s, 40-s rest, each 

Week 7 Pro 50-s, 50-s rest, each 

Week 8 Pro 60-s, 60-s rest, each 

ture at various planes of movement and promote joint sta-
bility.19–22,24–26 Prior research indicated moderate muscle 
activation (≥20%MVIC) of the UT, LT, and GM for all four 
exercises.21 The Bodyblade™ (polycarbonate flexible oscil-
lating blade with a handgrip in the center) intervention 
started with participants using the Classic model (0.68 kg 
and 122 cm) for the first four weeks. Three sessions per 
week were performed to maintain consistency throughout 
each group. On week 1, sessions started at 30-seconds and 
progressed weekly in 10-second increments to 60 seconds. 
At weeks 5–8, participants transitioned to the Pro model 
(1.13 kg and 152.4 cm). The rest between each set equaled 
the time spent performing the exercise (30-60-seconds, 1:1 
work to rest ratio) to minimize the effects of fatigue27 

(Table 3). The supervising athletic trainers documented 
progression using the Bodyblade™ Checklist. 
The Mixed exercise protocol group utilized both Tradi-

tional and Bodyblade™ exercise protocols (Table 4). The 
protocol alternated weekly starting with the Traditional on 
odd-numbered weeks and continuing with the Bodyblade™ 
on even-numbered weeks. The Mixed group’s progression 
allowed the participants to only advance to the halfway 
point from each protocol (Table 4). The supervising athletic 

trainers documented progression using the Mixed Check-
list. 

SUPERVISING ATHLETIC TRAINER PARTICIPATION 

There were six supervising athletic trainers from five col-
leges that participated in the study (31-51 yrs., all master’s 
degrees with 8-27 yrs. of experience). Supervising athletic 
trainers-initiated participation in the study by submitting 
a letter of support and completing research training. Re-
search efforts began by identifying potential participants in 
the respective athletic programs. The principal investiga-
tor provided supervising athletic trainers and participants 
with a brief demonstration of exercise protocols using ver-
bal and tactile cues to maintain pelvic neutral, athletic po-
sition, and shoulder retraction throughout the selected ex-
ercises. Participants practiced with the selected tool until 
the principal investigator felt confident that the participant 
was proficient. Throughout the intervention, supervising 
athletic trainers continued to provide feedback to partici-
pants as instructed at the start of the study. There was a 
30-60 second rest between sets and exercise tools to min-
imize the effects of fatigue.27 Exercise log checklists were 
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Table 4. Mixed training group protocol parameters      

Exercises Elastic Resistance / 
Bodyblade™ 

1 set per exercise, 3 × week 

Repetitions (reps) 

Week 1 Elastic Resistance Red band 10 reps, 30-45-s rest between sets 

Week 2 Bodyblade™ Classic 30-s, 30-s rest, each 

Week 3 Elastic Resistance Red band 15 reps, 45-60-s rest between sets 

Week 4 Bodyblade™ Classic 40-s, 40-s rest, each 

Week 5 Elastic Resistance Green band 10 reps, 30-45-s rest between sets 

Week 6 Bodyblade™ Classic 50-s, 50-s rest, each 

Week 7 Elastic Resistance Green band 15 reps, 45-60-s rest between sets 

Week 8 Bodyblade™ Classic 60 sec, 60 rest, each 

submitted to the principal investigator via electronic mail 
or fax no later than Friday of each week. Any questions, 
concerns, or data collection issues that arose supervising 
athletic trainers immediately contacted the principal inves-
tigator. 

MEASUREMENTS 

Researchers performing the testing were blinded to the 
group allocation. Demographic information was obtained 
before taking baseline measures (age, sex, sport, and arm 
dominance) followed by anthropometric measures (height, 
weight, and upper limb length). Arm dominance was deter-
mined as the arm used to throw a ball. The measurement 
of upper limb length was taken by instructing the partici-
pant to stand with their back against a wall, feet together, 
shoulders and arms in 90° abduction, and back of hand flat 
against the wall: this position limited trunk movement and 
scapular tilting. A cloth tape measure was used to deter-
mine arm length by placing the stationary end of the tape 
on the spinous process of the 7th cervical vertebrae and the 
loose end at the tip of the hand’s middle finger. 
The WOSI (web-based) 21 item questionnaire evaluates 

outcomes occurring after interventions for patients with 
shoulder instability.31 WOSI consists of four domains; a) 
physical symptoms (10 items), b) sport/recreation/work 
function (4 items), c) lifestyle function (4 items), and d) 
emotional function (3 items). Participants used a visual 
analog scale that ranged from no complaints (0) to severe 
complaints (100). The WOSI was conducted before the start 
of the intervention, during the 4th week, after the interven-
tion (8th week), and at the three-month follow-up. The to-
tal score from the four domains and each domain individu-
ally were used to perform statistical analyses. 
Following WOSI, the UQYBT, (Move2Perform, Evans-

ville, IN) was conducted. The UQYBT was developed to 
identify upper extremity and trunk mobility in the reaching 
limb’s open kinetic chain as well as midrange limitations, 
asymmetries, core stability in the closed kinetic chain on 
the stabilizing limb.32 To complete the analysis, each direc-
tion’s maximum score was extracted to represent the end 
range of the athlete’s performance. The average maximum 
reach from the three directions was calculated to record a 

composite score for each participant. The assessment pro-
gresses in the following order: a) medial, b) inferolateral 
and c) superolateral directions. Before official testing, par-
ticipants watched an instructional video entitled “Y Balance 
Test Upper Quarter – Client Instruction”. Once participants 
watched the video, they removed their shoes and began 
warming up by reaching in all three directions two times on 
each arm. After warming up, participants began three of-
ficial trials. The trials were acceptable if they maintained 
the following criteria: 1) three points of contact to the floor 
with involved arm and feet, 2) participant did not use mo-
mentum to move the reach box (i.e., push the box), 3) par-
ticipant did not let the reaching hand touch the ground 
during the trial, 4) participant did not use the top of the 
reach box or testing equipment to help stabilize their body. 
Participants did not experience any pain or discomfort dur-
ing trials that would inhibit any further testing. 
The three reach directions were named based on the arm 

placed on base during the trial. For example, the right-
handed stance was labeled; (right) medial, (right) inferolat-
eral, and (right) superolateral and the left-handed stance 
followed the same procedure (left) medial, (left) infero-
lateral, and (left) superolateral. Each trial was performed 
without stopping between the three reach directions. Sub-
sequently, participants returned to their starting position 
after each reach direction in a controlled manner. The prin-
cipal investigator recorded the greatest distance from each 
direction and averaged those numbers to attain a composite 
score.29 Measures were taken before the intervention (pre-
test), at the 4th week (mid-test), at the conclusion of the 8th 

week (post-test), and at the three-month follow-up. 

STATISTICAL ANALYSIS 

Descriptive statistics included means and standard devia-
tions for all tests and measures. Kolmogorov–Smirnov tests 
of normality were conducted for all dependent variables. 
Significance was defined as p<0.05. If the assumption of 
sphericity was violated, the Greenhouse−Geiser correction 
was employed. A mixed model, repeated measures 4x3 
ANOVA design was used to evaluate UQYBT and WOSI score 
differences within tests (pre-test, mid-test, post-test, and 
three-month follow-up), and between groups (Traditional, 
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Bodyblade™, and Mixed) interactions (SPSS Version 20.0). 
The modified Bonferroni post-hoc analysis controlled for 
Type 1 error rate across multiple comparisons and was used 
to find significant differences between and within groups. 
Eta-squared (eta2) was utilized as a measure of effect size 
with ratios interpreted as 0.01: small, 0.06: medium, and 
>0.14: large magnitude. Cronbach alpha intraclass correla-
tion coefficients (ICCs) were measured for the pre-test trials 
of each condition to assess consistency of these data. Based 
on Koo and Li,33 ICC between 0.75 – 0.9 were classified as 
good, and over 0.9 was considered excellent. 

RESULTS 

There was nearly full (97.3%) participation and adherence 
throughout the study, except for one participant in the 
Mixed group who could not complete the three-month fol-
low-up on the UQYBT due to surgery on the involved shoul-
der. Demographic, anthropometric characteristics and the 
average time since the last injury were not significantly dif-
ferent between groups with no initial differences during 
baseline measures. 

WESTERN ONTARIO SHOULDER INDEX (WOSI) 

Reliability (ICC) for the WOSI was classified as good (ICC: 
0.85). There were no significant differences between partic-
ipants and multiple comparisons composite score findings 
(Table 5). There were main effects for time demonstrating 
improvements for WOSI physical symptoms (F(3,102)=32.4, 
p<0.0001, eta2: 0.488), WOSI Sports, Recreation, Work 
(F(3,102) =16.53, p<0.0001, eta

2: 0.327), WOSI Lifestyle Out-
put (F(3,102) =10.21, p<0.0001, eta

2: 0.231) and WOSI Emo-
tion (F(3,102) =16.16, p<0.0001, eta

2: 0.322). Hence, with 
the WOSI composite score, there was a significant, large 
magnitude (F(3,102) =21.61, p=0.001, eta

2: 0.61) main effect 
for time with mid-test (4 weeks), post-test (8 weeks), and 
three month follow-up exceeding the baseline scores by 
35.2% (p=0.01), 53.2% (p=0.004), and 43.7% (p=0.005), re-
spectively. There were significant (p=0.001, eta2: 0.496), 
large magnitude, composite WOSI scores for within-partic-
ipants interaction effect for the time and group. All groups 
(Traditional, Bodyblade™, and Mixed) improved over the 
three measurement points (mid-test (4 weeks), post-test 
(8 weeks), and three-month follow-up) exceeding baseline 
scores by; Traditional: 45.6% (p=0.002), 59.4% (p=0.01), and 
59.7% (p=0.07), Bodyblade™: 26.6% (p<0.05), 56.5% 
(p=0.01), and 58.4% (p=0.01), Mixed: 35.9% (p=0.03), 43.3% 
(p=0.01) and 50.4% (p=0.008) respectively (Table 5). There 
were minimally clinically important differences between 
the pre-test and mid-test (4 weeks) with all three groups, as 
well as between the mid-test and post-test (8 weeks) for the 
Traditional and Bodyblade™ groups 

UPPER QUARTER Y-BALANCE TEST (UQYBT) 

Reliability for the UQYBT was also classified as good (ICC: 
0.81). The composite scores for between-participants and 
within-participants effects showed no significant findings 

(Table 5). There was a significant, large magnitude (F(3,102) 
=16.84, p=0.03, eta2: 0.24) main effect for time with mid-
test (4 weeks), post-test (8 weeks), and three-month follow-
up exceeding the baseline scores by 4.3% (p<0.05), 6.3% 
(p=0.03), and 5.3% (p<0.05), respectively. The inferolateral 
reach was the only direction with a significant, large magni-
tude, between-participants effect (F(3,102) =14.64, p=0.042; 
eta2: 0.17). Additionally, the Bodyblade™ group exceeded 
(p=0.038) the Mixed group at post-test (8 weeks) and three-
month follow-up by 10.7% and 24.5% (Table 5). There were 
minimally clinically important differences with the com-
posite scores between the pre-test and mid-test (4 weeks) 
with the mixed group, as well as between the post-test (8 
weeks) and three-month follow up for the Bodyblade™ and 
mixed groups. With the inferolateral scores, minimally clin-
ically important differences were detected between the pre-
test and mid-test (4 weeks) with the Bodyblade™ group and 
between the post-test (8 weeks) and three-month follow up 
for the Bodyblade™ and mixed groups. 

DISCUSSION 

A major finding in this study was that all three training 
groups demonstrated significant improvements over time 
in the WOSI composite scores. However, there was no sig-
nificant difference between any of the groups. The UQYBT 
demonstrated improvement only during the inferolateral 
reach at post-test (8 weeks) and three-month follow-up. 
The Bodyblade™ and Traditional groups outperformed the 
Mixed group, with the Mixed group demonstrating de-
creased UQYBT performance towards the latter duration of 
the study. 
The WOSI (scores range from no complaints: 0, to severe 

complaints:100) demonstrated significant improvements in 
the composite scores (physical symptoms (10 items), sport/
recreation/work functions (4 items), lifestyle functions (4 
items), and emotional functions (3 items)) during all the 
three testing periods for all groups (Table 5). The current 
study reported reliability as excellent (ICC: 0.85), which is 
consistent with previous reports of ICC 0.88-0.92.31 The 
eight-week intervention performed three times a week pro-
vided consistent supervision, design, and compliance 
amongst participants for all three treatment groups and 
these factors may have contributed to the significant find-
ings in the WOSI. The present findings are contrary to Eshoj 
et al.34 who reported no significant differences when com-
paring 12-week treatment protocols for shoulder instability 
utilizing a self-managed at-home exercise protocol versus 
a physical therapist-led semi-supervised exercise protocol. 
Although both at-home and semi-supervised exercise at-
tempted to provide their participants with sound training 
progression throughout the protocols, there were major dif-
ferences in the design of protocols which varied in sets, 
repetitions, and types of exercises. At-home exercise used 
general strengthening exercises compared to semi-super-
vised exercise that used more shoulder instability-specific 
exercises. Supervision for at-home exercise was limited to 
only the initial physical therapy session and the remaining 
sessions were self-reported. Alternatively, the semi-super-
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Table 5. Western Ontario Shoulder Index (WOSI) and Upper Quarter Y-Balance test (UQYBT) composite mean (±               
standard deviation) scores. Minimal clinically important difference (MCID = >1.96) in relation to the following                
test (i.e., pre- vs. mid-test (4 weeks), mid-test vs. post-test (8 weeks), post-test (8 weeks) vs. 3 month follow-up)                    

Group WOSI MCID UQYBT 
composite 
Scores 

MCID UQYBT 
inferolateral 
scores 

MCID 

Pre-test Traditional 33.2±16.0. 7.02 88.2±14.5 80.3±10.1 

Bodyblade 39.4±14.5. 5.12 87.2±11.4 83.8±9.9 2.60 

Mixed 34.8±17.1. 5.62 83.4±10.1. 2.28 78.5±12.0 

Total 35.9±15.7. 5.91 86.3±12.0 81.0±10.6. 

Mid-test Traditional 18.1±17.4. 2.05 90.9±13.7 83.0±9.5 

Bodyblade 28.9±18.6. 5.04 89.8±7.9 88.2±13.2 

Mixed 22.3±20.7. 87.3±13.2 81.7±13.9 

Total 23.3±18.9. 2.78 89.4±11.5 84.4±12.3 

Post-test Traditional 13.5±20.6 93.9±13.5 86.2±10.5 

Bodyblade 17.2±16.6 92.1±6.9 2.62 90.6±5.2 5.05 

Mixed 19.7±22.9 85.5±12.8. 2.72 81.0±14.6. 3.89 

Total 16.8±19.7 90.6±11.6 86.1±11.2 

3-months Traditional 13.4±19.3 91.0±14.9 84.9±13.8 

Follow up Bodyblade 16.4±17.3 95.8±9.7 96.8±11.8 

Mixed 17.3±21.2 80.2±29.1 73.0±27.3 

Total 15.7±18.8 89.2±20.0 85.2±20.7 

vised group received supervised sessions twice a week for 
the first two weeks and then once a week for the remaining 
10 weeks. Compliance for both at-home and semi-super-
vised exercise was set at 66%. 
Kirkley et al.12 compared participants that received 

shoulder surgery for instability to those that chose conser-
vative management and found that at the 32-month follow-
up period, the surgical group had 16% (p=0.03) greater im-
provement than the conservative group. At the 72-month 
follow-up, the surgical group did not change in score. How-
ever, the conservative group reduced the difference to 11% 
(p=0.17). These delayed improvements at the 32- and 
72-month periods may have influenced this tool’s utility. 
Earlier and more frequent testing may have better illus-
trated potential differences. 
The Bodyblade™ group demonstrated significant im-

provements in the UQYBT during the inferolateral reach, 
outperforming the Mixed group at post-test (8 weeks) and 
three-month follow-up. This finding could have been due 
to the Mixed group only performing 50% of the Traditional 
and Bodyblade™ protocols. The Mixed group did not 
progress beyond the green resistance band or get to ad-
vance to the Bodyblade™ pro model. Hence, the progres-
sive training stimulus did not reach the intensity of the 
Bodyblade™ or the Traditional training protocols and thus 
may have been insufficient. Previous UQYBT studies only 
used healthy participants to help establish reliability and 
sex differences in performance.32 No participants in previ-
ous studies exhibited pre-existing shoulder instability con-
ditions. Nonetheless, the UQYBT foundational studies pro-
vide insight into how normal values can be utilized to 
determine performance without an intervention.32,35,36 

Furthermore, previous UQYBT studies to date suggests the 
need to develop rehabilitation protocols for those with 
shoulder instability and continue to expand the knowledge 
into different types of athletes to increase normative data 
and allow to screen for those at risk of injury.32,35,36 

The utilization of the Bodyblade - Classic and Pro mod-
els used in this study are in accord with UQYBT authors’ 
recommendations in developing rehabilitation protocols 
for TASI. All four Bodyblade™ exercises used in this study 
have been shown to elicit moderate to moderately strong 
muscle activation levels between 20% - 46% MVIC of the 
infraspinatus, upper trapezius, lower trapezius, and gluteus 
maximus.21,37 These levels are considered to be effective 
for moderate muscle strengthening.21 Furthermore, Es-
camilla et al.37 utilized the Bodyblade™ Classic (0.68 kg, 
119.38 cm) and Pro (1.13 kg, 152.4 cm) in two of the four 
exercises used in this study. However, Oliver et al.21 utilized 
the Bodyblade™ CxT model (0.68 kg, 102 cm), which weighs 
less than the Pro and is shorter in length compared to 
the Classic and Pro models. These factors may have to be 
further explored to determine their effect on muscle acti-
vation levels. Nevertheless, the whole-body kinetic-chain 
patterns found by Oliver et al.21 are favorable for rehabil-
itation and could explain why the Bodyblade™ group was 
the only group to obtain significant findings during the in-
ferolateral reach direction. 
The inferolateral reach demands its participants to 

maintain a prone three-point stance position while sup-
porting themselves on the involved arm. The arm must 
maintain a stationary position of approximately 90° of 
shoulder flexion. Basset et al.38 reported that the pectoralis 
major, the short head of the biceps brachii, coraco-
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brachialis, anterior deltoid, and subscapularis were the pri-
mary restraints in anterior shoulder instability when the 
shoulder is in a flexed position. Furthermore, Kronberg et 
al.39 identified decreased muscle activity of the anterior 
deltoid, subscapularis, pectoralis major, latissimus dorsi, 
and serratus anterior in participants with shoulder instabil-
ity. Thus, Parry et al.19 in examining the utilization of the 
Bodyblade™ Pro in shoulder flexion reported the anterior 
deltoid, serratus anterior, and pectoralis major and infra-
spinatus all elicited 50% MVIC, which may have been the 
reason for the greater improvement in the UQYBT infero-
lateral reach direction. 
It can only be speculated that the improved Bodyblade™ 

group performance during the UQYBT inferolateral direc-
tion resulted from greater muscle activation based on pre-
vious studies. The interventions performed in this study 
required participants to perform the exercises while in an 
athletic stance position. However, the UQYBT is performed 
in a prone three-point stance. The transferability of the in-
terventions onto the UQYBT reach directions may have af-
fected the potential for significant outcomes. There could 
have been different outcomes if the interventions were also 
performed prone similarly to the demands of the UQYBT. 
Behm & Sale28 suggested that task-specific resistance 
training will exhibit optimal gains with a similar testing 
training method. In accordance with the SAID (Specific 
Adaptation to Imposed Demands) principle, when training 
methods deviate from testing measures, there will be de-
creased improvements. 
However, it is unknown whether the benefits of the 

Bodyblade and Traditional groups were from strength gains 
or motor control, or possibly a combination of both. The 
timing of muscle activation (motor control) is an important 
component of neuromuscular efficiency, which can be af-
fected by shoulder conditions compared to healthy pa-
tients.40 The late improvements during the eight-week in-
tervention allow clinicians to understand the delayed 
benefits of using the Bodyblade™ and help educate pa-
tients on its utility. These findings are further supported by 
the Sugimoto & Blanpied25 study that found participants 
reported the Bodyblade™ more challenging at the start of 
the 5th week of intervention. Additionally, these findings 
could lend further credibility to the role of the Bodyblade as 
an early to intermediate phase rehabilitation tool. 

LIMITATIONS 

The study participants were cleared by an orthopedic sur-
geon during pre-participation physical examinations and 
satisfied the inclusion criteria based on the shoulder his-
tory questionnaire. However, the severity of shoulder insta-
bility was unknown amongst each participant. Participants 

may have had pre-existing conditions that could have con-
tributed to decreased performance. Only through diagnos-
tic imaging would the participant’s level of shoulder insta-
bility be fully determined. Nonetheless, if this component 
would have been added to the study, it may have presented 
several challenges with the imaging findings and their clin-
ical relevance. This challenge could have potentially re-
duced the number of participants included in the study if 
the structural abnormalities exceeded the orthopedic rec-
ommendations for conservative management. These poten-
tial factors were carefully considered during the develop-
ment of the inclusion, exclusion criteria, and assessment 
strategies. Based on the limited resources available for this 
study, a practical training and testing approach was taken. 
Future research on the Bodyblade™ to manage TASI may 
perform manual orthopedic assessments, instead of imag-
ing to confirm anterior shoulder instability. 

CONCLUSIONS 

The main significant findings were demonstrated in the 
Bodyblade™ group during the UQYBT inferolateral reach at 
the post-test (8 weeks) and at the three-month follow-up. 
Conversely, the Mixed group had deleterious effects dur-
ing the post-test and three-month follow-up. This could 
have been due to the Mixed group performing only 50% of 
the Traditional and Bodyblade™ protocols, preventing par-
ticipants from obtaining high enough stimulus for positive 
benefits. 
The stepwise progressions discovered in each of the 

three groups during the WOSI measurement points allow 
clinicians to provide their patients with the option of 
choosing the Traditional or the Bodyblade™ protocols. 
However, choosing the Mixed protocol has no additional 
benefit and may decrease performance based on the UQYBT 
post-test and three-month follow-up findings. Finally, it is 
not recommended to use the WOSI as a standalone out-
come measure for shoulder instability rehabilitation. The 
WOSI should be accompanied by a functional outcome 
measure such as the UQYBT to make a sound clinical deci-
sion. 
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Background  
Recently, researchers have commented that shoulder special tests cannot identify the 
structure causing rotator cuff symptoms and should only be considered pain provocation 
tests. Others have disagreed, reporting that special tests were able to accurately detect 
the presence of rotator cuff involvement. 

Purpose  
The purpose of this study was to determine the knowledge, use, and perceived 
effectiveness of 15 selected special tests utilized to examine patients with possible 
rotator cuff dysfunction. 

Study Design   
Descriptive study using survey. 

Methods  
An electronic survey was returned by 346 members of the Academies of Orthopedic and 
Sports Physical Therapy through list serves. Descriptions and pictures for 15 special tests 
of the shoulder were included in the survey. Information regarding years of clinical 
experience and American Board of Physical Therapy Specialties (ABPTS) specialist 
certification in Sports or Orthopedics was collected. Respondents were asked if they could 
identify and use the special tests to evaluate dysfunction of the rotator cuff - and how 
confident they were in ability of the tests to diagnose dysfunction of the rotator cuff. 

Results  
The four tests most readily known by respondents included the empty can, drop arm, full 
can, and Gerber’s tests, and the four tests used regularly by the respondents included the 
infraspinatus, full can, supraspinatus, and champagne toast tests. The infraspinatus, 
champagne toast, external rotation lag (ERLS), and the belly-off tests were found to be 
the be most useful for establishing a diagnosis of the muscle-tendon complex involved. 
Years of experience and clinical specialization was not relevant to knowledge or use or 
these tests. 
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Conclusions  
This study will allow clinicians and educators to understand which special tests are easily 
identified, regularly used, and perceived as helpful for the diagnosis of muscles involved 
in a rotator cuff dysfunction. 

Level of Evidence    
3b 

INTRODUCTION 

Physical examination of any joint in the body is extremely 
important to evaluate the presence, location, and extent of 
problems or dysfunction that may exist in a person. One 
joint that may be a challenge for practitioners to examine 
and diagnose is the shoulder, due to the highly complex ar-
chitecture of bony and soft-tissue anatomy which allows for 
the greatest range of motion of any joint of the body. As a 
result of the complexity of the shoulder joint, difficulty ex-
ists when conducting an appropriate clinical examination, 
especially the examination of rotator cuff involvement in 
the shoulder.1,2 

Recently, McFarland et al3 wrote a clinical commentary 
and stated that shoulder special tests cannot identify the 
structure causing rotator cuff symptoms and should only be 
considered pain provocation tests. The authors suggested 
that use of special tests to inform individuals of the specific 
source of their symptoms, and then recommend surgical 
or nonsurgical intervention for that structure is not the 
best practice. Furthermore, the authors suggested that a 
comprehensive clinical interview and physical examination 
without special tests can be used to determine a working di-
agnosis to implicate a rotator cuff pathology. 

Salamh and Lewis4 wrote in an editorial that special 
tests do not impart diagnostic information and should not 
be an important part of the physical therapist examination. 
Requejo-Salinas et al5 used a group of international expert 
physical therapists to come to a consensus statement sug-
gesting that resistive testing, response to overhead loading, 
and reported symptoms were more effective at creating a 
diagnostic impression than any of the special tests. Van 
Kampen et al6 stated in a systematic review, that predictive 
values of special tests are low. After additional systematic 
reviews, Gismervik et al7 and Hegedus et al8 reported no 
support for most special tests of the shoulder but both 
groups of authors found some benefit of using the Jobe’s 
supraspinatus test with reasonable sensitivity and speci-
ficity. 

Cadogan et al9 disagreed with the McFarland group and 
related research, reporting that using special tests for the 
shoulder allows for accurate diagnosis in identifying rotator 
cuff involvement. Tennent et al10 stated that “careful ex-
amination of the shoulder is an essential component in 
forming a diagnosis of problems in this area and special 
testing is an important tool in this arsenal.” These authors 
suggested the discrepancy in the use of special testing is 
due to the number of tests available and the lack of knowl-
edge of how to properly perform the tests. 

Other published manuscripts reviewed the sensitivity 
and specificity for specific rotator cuff special tests with a 

variety of results – pro and con - for including special tests 
for the shoulder as part of an examination. After research-
ing sensitivity and specificity of multiple rotator cuff tests, 
Yuen et al11 found only the Jobe (empty can) test had good 
sensitivity at 0.89 when compared to MRI, but found that 
only 37% of practitioners in their study correctly diagnosed 
the impairments using the gauntlet of tests available. Zou 
et al12 also found that the Jobe and Hug-up tests had favor-
able positive likelihood values of 2.58 and 2.3 respectively. 
Similarly, Liu et al13 found the Hug-up test to have a 0.94 
sensitivity and a 0.77 specificity. Bak et al14 researched the 
external rotation lag sign (ERLS) as a diagnostic tool com-
pared to arthroscopic surgery findings and found sensitivity 
of 0.91 and specificity of 0.86 in full thickness tears of the 
rotator cuff. Additionally, Sgroi et al15 also found favorable 
diagnostic ability with the same test (ERLS) and reported 
resisted external rotation to have some diagnostic precision 
depending on the extent of the rotator cuff tear. The same 
authors found that the combination of resisted external ro-
tation combined with the Patte test was the most effective 
in comparison with surgical findings. 

Yazigi et al16 researched the use of the empty can, full 
can, drop arm, Patte, and infraspinatus tests in an article 
published in 2021 and found good sensitivity of the empty 
can (0.81) and good specificity of the drop arm and Patte 
tests (0.98). They also suggested prediction of diagnosis of 
injury at 58% for the empty can test. Finally, Dinnes et al17 

suggest the opposite of Salalm and Lewis4 and stated that 
using rotator cuff special tests, a practitioner can rule out 
tears because of overall high sensitivity as indicated previ-
ously. 

A problem that exists when discussing special tests of 
the shoulder for detecting rotator cuff involvement is that 
over 70 special tests have been described to examine pa-
tients with shoulder injuries.18 Because of the vast array of 
tests, clinicians and educators in health care curricula are 
challenged to decide which tests should be used and taught, 
respectively. Therefore, the purpose of this study was to de-
termine the knowledge, use, and perceived effectiveness of 
15 selected special tests utilized to examine patients with 
possible rotator cuff dysfunction. 

METHODS 

Following a review of the literature, 15 special tests used 
for the musculoskeletal examination of the shoulder com-
plex were chosen to be included in a survey. The tests cho-
sen were the most common found in the literature in sev-
eral data searches and were described in textbooks. 
ER resistance at 0 degrees abduction      (Appendix- Fig-

ure 1) 
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Hug up test  13 (Appendix- Figure 2) 

Drop arm sign  15 (Appendix- Figure 3) 

Subscapularis test  (Appendix- Figure 4) 

Belly press off  19 (Appendix- Figure 5) 

Infraspinatus test  (Appendix- Figure 6) 

Patte test 20 (Appendix- Figure 7) 

Champagne toast (and pour) test    21 (Appendix- Figure 
8) 

Empty can 22 (Appendix- Figure 9) 

Full can 22 (Appendix- Figure 10) 

Hornblower’s test 20 (Appendix- Figure 11) 

a. Purpose: Assess for infraspinatus muscle-tendon 
complex tears and dysfunction. 

b. Positioning: Patient seated with elbow flexed at 90 
degrees and shoulder adducted to their trunk. Pa-
tient asked to externally rotate the arm while the 
therapist applies resistance. 

c. Interpreting results: Test is positive if patient reports 
pain or is unable resist motion. 

d. Sensitivity and Specificity not reported. 

a. Purpose: Assess for supraspinatus muscle-tendon 
complex tears and dysfunction. 

b. Positioning: Patient seated or standing and places 
hand of involved arm on opposite shoulder. Thera-
pist applies a downward force perpendicular to elbow 
while patient resists the motion. 

c. Interpreting results: Test is positive if patient reports 
pain or is unable to resist motion. 

d. Sensitivity 94.1%, Specificity 76.6%. 

a. Purpose: Asses for full thickness rotator cuff tears, 
especially for supraspinatus muscle-tendon complex 
tears. 

b. Positioning: Patient seated. Therapist abducts the 
involved arm to 90 degrees and externally rotates the 
arm, while supporting the arm at the elbow. The 
therapist releases the arm, and the patient slowly 
lowers the arm down. 

c. Interpreting results: Test is positive if patient sud-
denly drops arm or struggles to maintain arm posi-
tion. 

d. Sensitivity 73%, Specificity 77%. 

a. Purpose: Assess for subscapularis muscle-tendon 
complex tears or dysfunction. 

b. Positioning: Patient seated with elbow flexed at 90 
degrees. Patient pushes hand into chest (contracts as 
internally rotates) as therapist resists. 

c. Interpreting results: Test is positive if patient reports 
pain or is unable resist motion. 

d. Sensitivity and Specificity not reported. 

a. Purpose: Assess for subscapularis muscle-tendon 
complex tears or dysfunction. This test is often used 
when a patient is unable to perform the Gerber lift 
off test due to pain or limited internal rotation ROM. 

b. Positioning: Patient seated with elbow flexed at 90 
degrees with palm facing the chest (hand should be 
placed right below xyphoid process). Patient pushes 
hand into chest (contracts as internally rotates) as 
therapist resists. 

c. Interpreting results: Test is positive if patient com-
pensates (common compensations seen are wrist 
flex, shoulder adduction, and shoulder extension). 

d. Sensitivity 34% , Specificity 92%. 

a. Purpose: Assess for infraspinatus muscle-tendon 
complex tears and dysfunction. 

b. Positioning: Patient side-lying with elbow flexed at 
90 degrees and shoulder adducted to their trunk. 
Therapist applies force to resist external rotation 

c. Interpreting results: Test is positive if patient reports 
pain or is unable resist motion. 

d. Sensitivity and Specificity not reported. 

a. Purpose: Assess for teres minor muscle-tendon com-
plex dysfunction. 

b. Positioning: Patient either sitting or standing. The 
involved arm is placed in 90 degrees of shoulder ab-
duction in the scapular plane with elbow also at 90 
degrees. Patient asked to externally rotate the arm 
while the therapist applies resistance. 

c. Interpreting results: Test is positive if pain with re-
sisted external rotation. 

d. Sensitivity 93%, Specificity is 72%. 

a. Purpose: Assess for supraspinatus muscle-tendon 
complex dysfunction and injury. 

b. Positioning: Patient seated and puts shoulder at 30 
degrees abduction, 15 degrees ER, and 30 degrees 
flex, with elbow flexed to approx. 90 degrees. Thera-
pist applies downward force along elbow. 

c. Interpreting results: Test is positive if patient reports 
pain or weakness occurs during movement. 

d. Sensitivity and Specificity not reported. 

a. Purpose: Assess for supraspinatus muscle-tendon 
complex and tendon pathology. 

b. Positioning: Patient can be seated or standing. In-
volved arm is elevated to 70 degrees. With elbow at 
full extension, the shoulder is held in internal rota-
tion, and pronation (thumbs-down position). Thera-
pist applies downward force through arm. 

c. Interpreting Results: Test is positive if patient re-
ports pain or weakness with resistance. 

d. Sensitivity 88.6%, Specificity 58.8% for tendon tears. 

a. Purpose: Assess for dysfunction of supraspinatus 
muscle-tendon complex. 

b. Positioning: Patient standing or seated and holds in-
volved arm at 70 degrees in scapular plane with hand 
in the "thumbs up" position. Therapist applies down-
ward force at the mid-forearm. 

c. Interpreting Results: Test is positive if patient re-
ports pain or weakness with resistance. 

d. Sensitivity 70%, Specificity 81%. 
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Gerber lift off test   23– Also called lift off test (Appendix- 
Figure 12) 

ER lag sign  24 Also called the Infraspinatus Spring Back 
Test. (Appendix- Figure 13) 

Horizontal adduction 25 (Appendix- Figure 14) 

Bear hug test  26 (Appendix- Figure 15) 

Along with the descriptions, pictures for each test were 
provided in the survey so participants could identify the 
test visually. For each test, respondents were asked a) if 
they could identify each of the 15 special tests, b) regarding 
their use of the tests to evaluate dysfunction of the rotator 
cuff, and c) how confident they were in the ability of the 
special tests to identify the rotator cuff muscle-tendon 
complex involved. In addition, the survey included ques-
tions about years of clinical experience, as well as whether 
the participants were certified specialist by the American 
Board of Physical Therapy Specialties (ABPTS). 

After receiving approval from the Institutional Review 
Board at the University of Central Arkansas, the survey 
was sent electronically using the list serves of both the 
Academy of Orthopedic Physical Therapy and the American 
Academy of Sports Physical Therapy. As part of the survey 
instructions, the respondents were notified that completing 
and submitting the survey was considered their informed 
consent. 

The participant ranked each of the 15 special tests on 
a 7-point Likert scale. Rating possibilities ranged from 1 
“strongly disagree” to 7 “strongly agree” for each of the fol-
lowing areas: a) knowledge of the test, b) use of the test 
clinically, and c) ability of the test to determine if the rota-
tor cuff was involved. 

STATISTICAL ANALYSIS 

Results of the survey were tallied using the Likert score in 
each of the three categories for each test. To determine if 
years of experience made a difference as to whether the 
special tests were utilized clinically, the years were divided 
into quartiles. Quartiles were formed by review of the fre-
quencies of the years of experience and forming four groups 
where natural divisions occurred. A one-way ANOVA was 
then performed on these rankings related to years of expe-
rience. A t-test was used to compare rankings between clin-
ical specialists and non-specialists. 

RESULTS 

Three hundred forty-six surveys were returned from active 
members of the Academies. The average years of experience 
among the respondents was 15.41 (+/- 13.02) years. One 
hundred twenty-four were ABPTS Orthopedic or Sports 
Specialists and 225 respondents were not. 

Results indicated that the four tests most readily known  
by respondents included the empty can test, drop arm test, 
full can test, and Gerber’s test. The top four tests used reg -
ularly by the respondents were the infraspinatus test, full 
can test, supraspinatus test and the champagne toast test. 
Finally, the infraspinatus test, champagne toast test, exter-
nal rotation lag (ERLS) test, and the belly-off test were re-

a. Purpose: Assess for teres minor muscle-tendon com-
plex dysfunction. 

b. Positioning: Patient is supine with involved arm 
placed in 90 degrees of shoulder abduction with el-
bow also at 90 degrees. Patient asked to externally 
rotate the arm while the therapist applies resistance. 

c. Interpreting results: Test is positive if pain with re-
sisted external rotation. 

d. Sensitivity 93%, Specificity is 72%. 

a. Purpose: Assess for rupture of the subscapularis 
muscle-tendon complex. 

b. Positioning: Patient standing, and places involved 
arm behind the back. Patient then lifts hand off the 
back (performs IR) while therapist applies pressure 
against the hand (utilizes an external rotation force). 

c. Interpreting results: Test is positive if patient cannot 
resist external rotation force, lift hand off the back, 
or compensates. 

d. Sensitivity 35%, Specificity 98%. 

a. Purpose: Assess for teres minor and infraspinatus 
muscle-tendon complex involvement. 

b. Positioning: Patient seated with elbow flexed at 90 
degrees and shoulder at 20 degrees elevation in 
scapular plane. Therapist externally rotates arm just 
short of maximal external ROM. 

c. Interpreting results: Test is positive if patient cannot 
maintain position or arm springs anterior. 

d. Sensitivity 97%, Specificity 93% for infraspinatus in-
volvement. Sensitivity 100%, Specificity 93% for 
teres minor involvement. 

a. Purpose: Assess the integrity of the supraspinatus 
muscle-tendon complex. 

b. Positioning: Patient seated and holds arm horizon-
tally adducted across the chest in full external rota-
tion and with elbow extended. Subject is asked to 
pull the arm into horizontal abduction (away from 
the chest). 

c. Interpreting results: Observation is made as to 
whether the humeral head engages into the glenoid 
which can only occur when the supraspinatus is ac-
tive and viable. 

d. Sensitivity and Specificity were not reported. 

a. Purpose: Assess the integrity of the supraspinatus 
muscle-tendon complex. 

b. Positioning: Patient seated and holds arm horizon-
tally adducted across the chest in full external rota-
tion and with elbow remaining extended. Subject is 
asked to pull the arm into horizontal abduction 
(away from the chest). 

c. Interpreting results: Observation is made as to 
whether the humeral head engages into the glenoid 
which can only occur when the supraspinatus is ac-
tive and viable. 

d. Sensitivity and specificity were not reported. 
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ported by respondents to be the be most useful  for estab-
lishing a diagnosis of the muscle-tendon complex involved. 

Those respondents with more years of experience had 
significantly higher determination or diagnosis (most use -
ful) using only one special test, the belly-off test. Years of 
experience made no difference in the knowledge or used  
regularly categories for any other special test. In addition, 
no difference existed between those who were clinical spe-
cialists and those with no specialization for any of the tests 
or categories. 

DISCUSSION 

This study attempted to discern the knowledge of and use 
of defined rotator cuff special tests and the perceptions re-
garding the use of these tests as diagnostic tools. The re-
sults suggest that several tests exist that are well known 
and used frequently by those that responded to the survey, 
but did not assist in determining the structure involved. 
However, other tests used by the respondents to come to 
clinical conclusions were used less often. No test was noted 
in all of the categories of interest: “known,” “used,” and 
“most useful in diagnosis.” For example, the infraspinatus 
(ER at 0° of abduction) and the champagne toast tests (a 
test for supraspinatus function) were both “used” and most 
“useful in diagnosis.” But, the full can and empty can tests 
were both “known” and “used” but were not the most “use-
ful in diagnosis.” 

Prior to further discussion of results of this study, a re-
view of the concepts of sensitivity and specificity may be in 
order. Sensitivity and Specificity describe the accuracy of a 
test which reports the presence or absence of a condition. 
For the purposes of this study, sensitivity is the ability of a 
special test of the shoulder to correctly identify those with 
rotator cuff dysfunction (true positive rate), whereas speci-
ficity is the ability of the shoulder special test to correctly 
identify those without the rotator cuff problem (true nega-
tive rate). As an example, if 100 patients known to have ro-
tator cuff problems were evaluated using a particular spe-
cial test, and 43 test positive, then that special test has 43% 
sensitivity. If 100 with no rotator cuff involvement are as-
sessed and 96 return a completely negative test result, then 
that shoulder special test has 96% specificity.27 For pur-
poses of this study, the authors have operationally defined 
sensitivity and specificity of 70% and greater as the deter-
mination that the special test was important in the diag-
nostic interpretation of rotator cuff injuries. 

As indicated in the previous literature review included 
in this manuscript, some editorial comments and research 
articles suggest none of the special tests for rotator cuff 
pathology are helpful in the diagnosis of the rotator 
cuff4,5,7 - while others reported that using special tests for 
the shoulder allows a more accurate diagnosis in identify-
ing rotator cuff involvement.9,10 

The present survey reinforces previous research by find-
ing that many of the respondents believed some special 
tests were helpful in the clinical setting in coming to an ac-
curate diagnosis involving the rotator cuff. In reviewing the 
15 special tests used in this study, five tests (Hug-up, Patte, 

Full can, Hornblowers, and ERLS) had sensitivity and speci-
ficity above 70%. For the other tests, sensitivity above 70% 
was found for one test (Empty can); and specificity above 
70% was found for three tests (Belly off, Gerber lift, and the 
Bear hug). 

Reviewing the result of this study and comparing the 
four tests {infraspinatus, champagne toast, ERLS, and the 
belly-off tests} identified in the survey as the most useful 
to the diagnosis of rotator cuff dysfunction, the ERLS and 
belly off tests were among those tests identified in the lit-
erature of being accurate test for the examination of the 
rotator cuff problems. Of note, two of these tests that the 
respondents said were helpful in the diagnosis of the rota-
tor cuff muscles (Champagne toast and Infraspinatus tests) 
have had no research performed to determine their sensi-
tivity and specificity. The suggestion by Salahm et al, and 
others, that special tests for the shoulder are not helpful 
in the diagnosis of rotator cuff injuries was disputed by the 
results of this study. Many of the tests reviewed for this 
study show substantial specificity or sensitivity and should 
be considered as diagnostic tools. 

No information was gathered on why the responding 
therapists chose the special tests that were favored or why 
physical therapy entry-level programs chose the special 
tests they are teaching in their educational programs. In-
formation regarding where the respondents learned a spe-
cific special test may provide information as to the “knowl-
edge” of these special tests reported to be used in the 
survey. For instance, the Champagne Toast test for the 
supraspinatus is a relatively new test (described in 2016) 
and, therefore, may not be taught in many entry-level pro-
grams.21 The Champagne Toast test has been explored in 
some manuscripts but has not been reviewed in most sys-
tematic reviews or in comparison to other rotator cuff 
tests.21,28 

Many of the common rotator cuff tests were not known 
or used by a percentage of the respondents though some 
had support for their use in the literature. No studies were 
found that suggested the choice or usage of special tests 
in physical therapy educational programs would lead to a 
possible increase in the “known” category in this survey. 
A study was performed by Sciascia et al29 that surveyed 
orthopedic surgeons on special tests performed to come 
to diagnostic conclusions for potential rotator cuff injuries 
or pathology. The authors suggested the choice of tests 
were dictated by their fellowship training and their gradu-
ate studies. Physical therapists might have a similar diver-
sity in the training and use of certain special tests for diag-
nosing rotator cuff pathologies leading to a lack of usage of 
these same tests across the country. More studies exploring 
which of the rotator cuff special tests are taught in physical 
therapy entry-level programs are needed to understand the 
paucity of knowledge concerning certain special tests. 

Experience and specialization might be expected to 
make a difference in the knowledge, use, and application of 
special tests for the rotator cuff. However, based on the re-
sults of this survey, no differences existed in the knowledge 
of, and the use of, the special tests selected for this study 
based on years of experience (even between the least and 
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most experienced therapists) or being specialized. Larger 
numbers of respondents may demonstrate more stratifi-
cation of experience and greater statistical difference be-
tween more and less experienced physical therapists. 

LIMITATION 

The survey was sent to members of the Orthopedics Acad-
emy and Sports Academy of the American Physical Therapy 
Association and no method of recording the contact or 
opening rate of the survey was able to be determined. 
Therefore, the actual response rate could not be deter-
mined. Of the thousands of members of the Academies with 
the opportunity to participate, 346 surveys were received. 
The researchers do not know if members responding to the 
survey may be the most motivated by the question, or re-
flect the actual make-up of the physical therapy community 
within the Academies, or represent the responses from the 
licensees in Physical Therapy in the United States. 

As previously indicated, the literature contains numer-
ous tests for use in rotator cuff examination. The re-
searchers on this study picked a group of 15 tests they re-
viewed reflected the most frequently used tests. A different 
body of researchers may have chosen a different group of 
rotator cuff tests or may not include tests more easily rec-
ognized or utilized. The researchers believed a survey using 
all the possible rotator cuff tests would be too numerous to 
allow an effective review. 

FUTURE RESEARCH 

Some of the special tests mentioned in these articles re-
viewed were not listed as the top four tests in the current 
survey for diagnostic assistance. This lack of agreement be-
tween authors could suggest that many of the practition-
ers surveyed were not comfortable in use of certain tests or 
did not perform them as frequently in evaluations. Some 
less-known tests (diagonal horizontal abduction, external 
rotation with adduction, etc) have been noted by other re-

searchers as effective at isolating specific rotator cuff mus-
culature, and were noted by respondents as effective in di-
agnosis, but did not have the same weight of response as 
the other tests measured.25 The authors behind the cre-
ation and interpretation of this survey would suggest more 
research needs to be added to the literature pool for all of 
the specific tests with validation against gold standard test-
ing such as MRI and arthroscopy. 

CONCLUSION 

The results of this survey revealed the most known (the 
empty can, drop arm, full can, and Gerber’s tests), used (the 
infraspinatus, full can, supraspinatus, and champagne toast 
tests), and diagnostically relevant (the infraspinatus, cham-
pagne toast, external rotation lag [ERLS], and the belly-off 
tests) rotator cuff tests from selected tests among a sam-
ple of physical therapists. Common knowledge of tests and 
use of tests did not vary by years of experience, nor by hav-
ing an ABPTS Clinical Specialization. These data may allow 
clinicians and educators to understand which special tests 
are easily identified, regularly used, and helpful for the di-
agnosis of muscles involved in rotator cuff dysfunction. 
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Purpose/Hypothesis  
The flexor-pronator mass of the forearm contributes dynamic stability to the medial 
elbow. Training this muscle group is essential for overhead athletes, however, there is 
lack of evidence supporting use of training exercises. The purpose of this study was to 
measure the extent of EMG activity of the flexor pronator musculature during two 
distinct forearm strengthening exercises using resistance bands. It was hypothesized that 
two exercises would elicit at least moderate level of muscle activity, but the activation 
would be different in the pronator versus the flexor muscles. 

Materials/Methods  
10 healthy subjects (all males, age 36±12 years) were included. Surface EMG activity was 
measured on three muscles of the dominant-side forearm: flexor carpi ulnaris (FCP), 
flexor digitorum superficialis (FDS), and pronator teres (PT). After measurement of 
maximal voluntary contraction (MVC) for each muscle, subjects performed wrist ulnar 
deviation and forearm pronation exercises using elastic band resistance. Resistance was 
set to elicit moderate exertion (5/10 on the Borg CR10 scale). Order of exercise was 
randomized and three repetitions of each exercise were performed. Mean peak EMG 
activity in each muscle across repetitions during the eccentric phase of each exercise was 
calculated and expressed as a percentage of MVC. Moderate level of activity was defined 
as 21% of MVC or higher. Peak normalized EMG activity in each muscle was compared 
using two-way (exercise x muscle) repeated-measures ANOVA with post-hoc pairwise 
comparisons if a significant interaction was found. 

Results  
There was an exercise by muscle interaction effect (p<0.001). The ulnar deviation exercise 
selectively activated FCU (40.3%) versus FDS (19.5%, p=0.009) and PT (21.5%, p=0.022). 
Conversely, the pronation exercise selectively activated FDS (63.8%, p=0.002) and PT 
(73.0%, p=0.001) versus FDS (27.4%). 

Conclusion  
The ulnar deviation and pronation exercises using elastic band resistance studied 
targeted and activated the flexor-pronator mass musculature. The ulnar deviation and 
pronation exercises using elastic band resistance are practical and effective means of 
training the flexor-pronator mass. These exercises can be readily prescribed to athletes 
and patients as part of their arm care program. 
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INTRODUCTION 

Overhead throwing places an extreme amount of valgus 
stress on the medial elbow.1,2 This valgus stress is predomi-
nantly experienced during the late cocking and acceleration 
phases of throwing and is primarily resisted by the anterior 
bundle of the ulnar collateral ligament (UCL).2,3 This repet-
itive stress placed upon the UCL is considered a contribut-
ing factor to the increasing rate of UCL tears.4 

The maximum force that the UCL is able to resist is 
about 54% of the valgus force experienced during pitching.2 

Therefore, it has been postulated that dynamic elbow sta-
bility is provided by the flexor-pronator musculature of the 
medial elbow.5–11 Specifically, the flexor carpi ulnaris 
(FCU), flexor digitorum superficialis (FDS), and the prona-
tor teres (PT) have been suggested as active stabilizers of 
the elbow during valgus stress.5,6,8,10,11 This suggestion 
is based on the anatomical location of the flexor-pronator 
mass being in close proximity to the UCL.5,10 It has also 
been shown that isometric contraction of the medial fore-
arm musculature decreases humeral-ulnar joint space dur-
ing a valgus stress11 and medial elbow stability decreases 
with fatigue of the forearm musculature,12 further suggest-
ing their dynamic contributions to stability. 
The medial forearm musculature also demonstrates high 

electromyographic (EMG) activity during the throwing mo-
tion, specifically during the late cocking and early acceler-
ation phases of pitching.13–16 These pitching phases have 
previously been demonstrated to involve the highest valgus 
stress on the medial elbow,2 leading researchers to suggest 
that the flexor-pronator mass provides dynamic stabiliza-
tion of the medial elbow.13–15 Additionally, the forearm 
musculature is considered a key component to pitching ac-
curacy and ball movement further establishing the impor-
tance of the flexor-pronator musculature to the throwing 
athlete.17,18 

Based on the flexor-pronator musculature’s role during 
the throwing motion, strengthening these muscles have 
been deemed an important component of a rehabilitation 
program for overhead athletes and have a potential benefi-
cial role of mitigating UCL injuries.5,6,8,16,19 To date, there 
is a paucity of evidence to suggest specific interventions 
that target the flexor-pronator forearm musculature. Elas-
tic band resistance provides for a portable and convenient 
means of performing flexor-pronator muscle strengthen-
ing. However, the extent of EMG activity of the flexor-
pronator musculature when using elastic resistance has not 
been reported. Therefore, the purpose of this study was to 
measure the extent of EMG activity of the flexor pronator 
musculature during two distinct forearm strengthening ex-
ercises using resistance bands. It was hypothesized that two 
exercises would elicit at least moderate level of muscle ac-
tivity but the activation would be different between the 
pronator versus the flexor muscles 

Table 1. Subject characteristics.   

Number of subjects 10 (all male) 

Age 36 ± 12 years 

Height 1.77 ± 0.04 m 

Weight 79 ± 5 kg 

Values are mean ± SD 

METHODS 
PARTICIPANTS 

Ten male subjects were recruited as a sample of conve-
nience from the local community. All subjects were healthy 
at the time of testing, did not have a history of elbow or 
wrist pathology, and were confirmed to have normal, func-
tional range of motion in their dominant wrist and forearm 
and were able to perform the tasks involved in this research 
study. Eight out of the ten subjects participated in regu-
lar strength training at least three times weekly; however, 
none of the subjects reported doing strengthening exercises 
specifically targeting the forearm musculature. Four out of 
the ten subjects had history of participation in throwing or 
overhead sports. Before participation in this research study, 
each subject provided written informed consent in accor-
dance with institutional review board regulations (North-
well Health IRB # 19-0586) 

PROCEDURES 

A 16-channel BTS FREEEMG 300 system, CMRR: >110 dB at 
50–60 Hz; input impedance: >10 GΩ (BTS Bioengineering, 
Milan, Italy) was utilized for the EMG collection during this 
study. 
Previously described anatomical landmarks for surface 

EMG placement were identified for FCU, FDS, and PT mus-
cles.20,21 The subject’s exposed skin was prepared by shav-
ing, cleaning, and lightly abrading. Disposable Ag/AgCl 
passive dual surface EMG electrodes (2.0 cm interelectrode 
distance; Noraxon, Scottsdale, AZ) were placed on the iden-
tified landmarks on the right proximal forearm of each sub-
ject (Figure 1). Muscle activity was sampled at 1000 Hz. 
Once the surface electrodes were attached to the subject, 

a maximum voluntary contraction (MVC) was performed, in 
the previously described manual muscle testing (MMT) po-
sition for each muscle.22 A single tester, a physical thera-
pist with over 20 years of clinical experience, performed the 
MMT for all subjects. 
Subjects then determined the level of resistance they 

would use for their trial by performing wrist ulnar deviation 
for five repetitions while holding a resistance band (Non-
latex TheraBand, Hygenic Corporation, Akron, OH). The 
resistance band was cut to the length of each subject’s 
leg length, to provide extra length for wrapping around 
the hand. To standardize the level of resistance across the 
two exercises, subjects determined which resistance level 
elicited exertion of 5 out of 10 on the Borg CR10 Scale.23 

This process was repeated for forearm pronation. Instruc-
tions were provided to each subject to ensure that there was 
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Figure 1. EMG Electrode Placement: (A) Pronator Teres, (B) Flexor Digitorum Superficialis, (C) Flexor Carpi              
Ulnaris  

Figure 2. Wrist ulnar deviation (A) starting position (B) end position.          

no tension or slack in the resistance band at the start of 
the exercise, as elongation of the resistance band influences 
perceived resistance and associated muscle activity.24 

Two exercises, wrist ulnar deviation and forearm prona-
tion were performed in random order. These exercises were 
included in the Evidence Based Arm Care program previ-
ously published with links to exercise videos.25 Randomiza-
tion was done by pulling a card out of an opaque envelope 
with the exercise written on the chosen card to be done 
first. Wrist ulnar deviation was performed by the subject 
holding the resistance band with elbows extended, palms 
facing down, and arms held at shoulder height. The resis-
tance band was wrapped twice around the subject’s hands, 
with the band resting without slack or tension when arms 
were kept shoulder-width apart (Figure 2A). The subject 
then moved his wrist into ulnar deviation (Figure 2B), per-
forming this movement for three repetitions. The subject 
was asked to match movement speed to a metronome set to 
20 beats/min, guiding the subject to move through a 3-sec-
ond concentric phase and a 3-second eccentric phase, to 
enable controlled movement in both phases of the exercise. 

Forearm pronation was performed with the subject in 
seated position. The resistance band was looped twice 
around the hand. The subject then tensioned the resistance 
band reaching halfway down their lower leg and stepping 
on the band with their right foot. Their forearm was placed 
on their right thigh, in supinated position, with their right 
wrist crease at the edge of their patella. (Figure 3A). The 
subject was instructed to move through the entire available 
range of forearm pronation motion for three repetitions 
(Figure 3B). Movement speed was matched to a metronome 
set to 20 beats/min, leading to a 3-second concentric phase 
and a 3-second eccentric phase. 

DATA PROCESSING 

All EMG data were processed according to previously de-
scribed methods.26 Briefly, raw EMG signals were high-pass 
filtered at 10 Hz, full-wave rectified and smoothed using 
an RMS filter with a 100-ms window. For each muscle, the 
peak EMG activation level was identified during each ex-
ercise. The mean activation level of each muscle from 250 
milliseconds before the peak to 250 milliseconds after the 
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Figure 3. Forearm pronation (A) starting position (B) end position.         

peak was then calculated. This was then averaged over the 
three repetitions for each exercise and each muscle. After 
processing, the EMG data were normalized to the maximum 
EMG activities recorded during maximal voluntary contrac-
tions (MVC) and expressed as a percent. Muscle activity 
level was classified according to the system of DiGiovine et 
al. as 0% to 20% MVC low activity, 21% to 40% MVC mod-
erate activity, 41% to 60% MVC high activity, and greater 
than 60% MVC very high activity.14 

STATISTICAL ANALYSIS 

Descriptive statistics were calculated for mean normalized 
peak muscle activity for each muscle during each exercise. 
Effect of exercise and muscle on mean normalized peak 
EMG activity was compared using two-way (exercise x mus-
cle) repeated-measures ANOVA. If an interaction effect was 
found, Bonferroni-adjusted post-hoc simple main effects 
were calculated. Significance level was set a priori at p = 
0.05. All statistical analyses were performed using IBM 
SPSS Statistics 25 (IBM Corp, Armonk, NY). 

RESULTS 

Mean normalized muscle activity for each muscle during 
each exercise studied is shown in Table 2. There was an ex-
ercise by muscle interaction effect (p < 0.001). The ulnar de-
viation exercise selectively activated FCU (normalized peak 
EMG of 40.3%) versus FDS (19.5%, p = 0.009) and PT (21.5%, 
p = 0.022). Following the classification system of DiGiovine 
et al., the ulnar deviation exercise elicited moderate muscle 
activity in FCU, low activity in FDS, and moderate activity 
in PT. Conversely, the pronation exercise selectively acti-
vated FDS (63.9%, p = 0.002) and PT (73.0%, p = 0.001) ver-
sus FCU (27.4%). The pronation exercise elicited very high 
muscle activity in FDS and PT, and moderate muscle activ-
ity in FCU. 

DISCUSSION 

The results of the current study demonstrate that exercises 
using elastic band resistance selectively targeted and 
elicited moderate to very high activity in the flexor-prona-
tor musculature. The normalized peak EMG was signifi-
cantly higher in the FCU compared to the FDS and PT dur-
ing the ulnar deviation exercise, while the normalized peak 
EMG was significantly higher in the FDS and PT during the 
pronation exercise. Therefore, the FCU was predominantly 
activated during the ulnar deviation exercise, while FDS 
and PT were more active during the pronation exercise. 
The flexor-pronator mass is an important muscle group 

in overhead athletes, as it provides dynamic stability to the 
elbow to resist valgus forces.5–11 This dynamic stabiliza-
tion is critical, as pitching places high degrees of stress on 
the UCL,1,2 and UCL tear rates are rising.4 Additionally, the 
flexor-pronator muscles have high levels of activity during 
overhead throwing13–16 and are important toward control 
and velocity of pitches.17,18 Despite their role in overhead 
throwing, minimal evidence exists in how to effectively 
train these muscles and if these muscles can be targeted 
with strengthening exercises. 
The knowledge that these exercises selectively activate 

the flexor-pronator muscles is important for overhead ath-
letes, as well as strength and conditioning and rehabilita-
tion personnel, due to the potential for increasing dynamic 
stability of the elbow and potentially decreasing the stress 
on the UCL.5,6,8,16,19 These results can influence clinical 
decision making as more than one exercise is required to 
strengthen all muscles of the flexor pronator mass and to 
best strengthen the dynamic stabilizers of the medial el-
bow. 
This research study had several limitations. The study 

sample included only healthy male participants and this 
limits generalizability of its findings, particularly to injured 
patient populations as patients with a history of UCL injury 
demonstrate alterations of musculature activity.19 The 
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Table 2. Average muscle activity for the muscles and exercises studied.          

Ulnar Deviation Exercise Pronation Exercise 

Flexor Carpi Ulnaris (FCU) 40.3 ± 20.2* 27.4 ± 11.7** 

Flexor Digitorum Superficialis (FDS) 19.5 ± 18.0* 63.9 ± 31.4** 

Pronator Teres (PT) 21.5 ± 19.9* 73.0 ± 32.1** 

All values are mean % MVC ± SD 
* FCU significantly higher activity than FDS (p = 0.009) and PT (p = 0.022) 
** FDS (p = 0.002) and PT (p = 0.001) significantly higher activity than FCU 

cross-sectional nature of this research study precludes 
study of training effects of these exercises. Future studies 
are needed to elucidate their training effects on muscle 
strength, muscle activation during overhead throwing, and 
medial elbow stability. 

CONCLUSION 

The findings of the current study suggest that ulnar devia-
tion and pronation exercise using resistance bands can tar-
get and activate the flexor-pronator mass. This information 
is useful for clinicians and strength and conditioning spe-
cialists who work with overhead athletes, as these exercises 

may be prescribed as an effective component of an arm care 
exercise program. 
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Objective  
Ultrasound diagnostic imaging (USI) is widely utilized in sports medicine, orthopaedics, 
and rehabilitation. Its use in physical therapy clinical practice is increasing. This review 
summarizes published patient case reports describing USI in physical therapist practice. 

Design  
Comprehensive literature review. 

Literature Search   
PubMed was searched using the keywords “physical therapy” AND “ultrasound” AND 
“case report” AND “imaging”. In addition, citation indexes and specific journals were 
searched. 

Study Selection Criteria    
Papers were included if the patient was attending physical therapy, USI was necessary for 
patient management, the full text was retrievable, and the paper was written in English. 
Papers were excluded if USI was only used for interventions, such as biofeedback, or if 
the USI was incidental to physical therapy patient/client management. 

Data Synthesis   
Categories of data extracted included: 1) Patient presentation; 2) Setting; 3) Clinical 
indications; 4) Who performed USI; 5) Anatomical region; 6) Methods of USI; 7) 
Additional imaging; 8) Final diagnosis; and 9) Case outcome. 

Results  
Of the 172 papers reviewed for inclusion, 42 were evaluated. Most common anatomical 
regions scanned were the foot and lower leg (23%), thigh and knee (19%), shoulder and 
shoulder girdle (16%), lumbopelvic region (14%), and elbow/wrist and hand (12%). 
Fifty-eight percent of the cases were deemed static, while 14% reported using dynamic 
imaging. The most common indication for USI was a differential diagnosis list that 
included serious pathologies. Case studies often had more than one indication. 
Thirty-three cases (77%) resulted in confirmation of a diagnosis, while 29 case reports 
(67%) documented significant changes in physical therapy intervention strategies due to 
the USI, and 25 case reports (63%) resulted in referral. 

Conclusion  
This review of cases provides details on unique ways USI can be used during physical 
therapy patient care, including aspects that reflect the unique professional framework. 
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INTRODUCTION 

Ultrasound diagnostic imaging (USI) is becoming more 
widely utilized in sport medicine, orthopaedics, and reha-
bilitation to extend the physical examination and avoid de-
lays in diagnosis. Indications for USI continue to increase 
because of its advantages compared to other diagnostic 
imaging modalities. Benefits include no radiation, cost-ef-
fectiveness, portability, and it is non-invasive. Clinical 
providers can gain immediate imaging information for a 
broad spectrum of patient presentations. USI results in 
real-time, high-resolution visualization of anatomical 
structures across physiological systems. The unique prop-
erties of USI can be used to assess vasculature, lungs, joints, 
bones, tendons, and muscles.1–3 Additionally, ultrasound 
allows the clinician to interact with the patient to guide the 
examination of specific patient complaints.4 Musculoskele-
tal USI has become a valuable tool to objectively assess 
musculoskeletal structures, as well as functionally, during 
range of motion and muscle activation both statically and 
dynamically.5,6 

Physical therapists (PTs) have a unique practice frame-
work and scope of practice compared to other healthcare 
providers.7 Their practice framework emphasizes anatomy, 
pathoanatomy, and biomechanics of movement. Conse-
quently, published literature on the use of musculoskeletal 
USI in physical therapist practice may provide unique infor-
mation about the benefits of this imaging modality. A sur-
vey of PTs in the United States found that of 646 respon-
dents, 241 had recommended or referred patients for USI.8 

However, the respondents reported having a more substan-
tial knowledge base and skills for recommending or order-
ing radiography (x-ray) and magnetic resonance imaging 
(MRI) over USI. Thus, increased awareness of USI in clinical 
practice may improve its appropriate utilization by PTs. 

Boissonnault and Ross9 examined the use of diagnostic 
imaging by PTs by synthesizing 78 case reports. They found 
that PTs recognized indications for diagnostic imaging such 
as worsening of symptoms without cause, inconsistent 
findings compared to the referral diagnosis, associated 
symptoms such as fatigue, and lack of progress despite 
treatment. Boissonnault and Ross9 reported that PTs’ re-
ferrals for diagnostic imaging resulted in subsequent diag-
noses across a spectrum of categories, including fracture, 
cancer, visceral disease, cardiovascular, and urogenital. 
However, these authors did not identify the imaging modal-
ities. At present, clinical implications for USI have not been 
established for the physical therapy community. Linking 
USI case reports to the unique practice framework of PTs 
could improve the incorporation of USI into physical ther-
apy clinical practice. 

To our knowledge, no publications synthesize published 
case reports of USI in physical therapy practice. Patient 
case reports provide insights for PTs and other providers 
regarding patient presentations, red flag recognition, diag-
nosis, and how therapists used USI to identify and manage 
these various conditions. Published case reports provide 
documentation of clinical reasoning in complex circum-
stances, which can inform clinicians by providing details 

regarding patient-specific examination information. Since 
the incorporation of USI into physical therapy practice is 
relatively new, case reports are a large proportion of the 
available evidence. These case reports are proposed to have 
significant educational value because they advance medical 
knowledge and constitute preliminary evidence for evi-
dence-based medicine. Synthesis of case reports can also 
provide the foundation for other research methods. 

The purpose of this review is to summarize published pa-
tient case reports that describe the use of USI in PT’s prac-
tice to diagnose and manage patient conditions. 

METHODS 

One of the authors of this paper (MEM) conducted a com-
puterized database search of PubMed using the keywords 
“physical therapy” AND “ultrasound” AND “case report” 
AND “imaging”. In addition, Physical Therapy, the Journal 
of Orthopedic and Sports Physical Therapy (JOSPT) (stan-
dard and Case Reports versions), and the International 
Journal of Sports Physical Therapy (IJSPT) were searched 
specifically. Once a paper was identified, the PubMed ci-
tation index similar papers listings were reviewed, along 
with the paper’s reference list, for any additional papers 
matching the inclusion criteria. Literature searches were 
conducted from July 2021 to August 2022. 

Papers were included if the patient was attending physi-
cal therapy, USI was necessary for the patient management 
process, the full text was retrievable, and the report was 
written in English. It was not required that a PT conduct 
the USI. Papers were excluded if USI was only used for in-
terventions, such as biofeedback, or if the USI was inciden-
tal to PT patient/client management. For example, papers 
were excluded if the PT did not have an explicit role in rec-
ommending, referring, or conducting USI. Case series were 
included if each case met the inclusion/exclusion criteria. 

The authors developed a data extraction form based on 
the work of Boissonnault and Ross,9 the authors’ collective 
knowledge of diagnostic USI, and knowledge regarding dif-
ferential diagnosis and medical screening. The categories 
of data included: 1) Patient presentation, including primary 
complaint and demographics; 2) Setting; 3) Clinical reason-
ing that led to USI; 4) Who performed USI; 5) Anatomi-
cal region assessed; 6) Whether USI was static, dynamic, or 
Doppler; 7) Other imaging; 8) Final diagnosis; 9) Outcome 
of the case. 

Clinical reasoning categories indicating the appropriate 
use of USI were derived from Boissonnault and Ross.9 Pa-
pers were categorized as to whether 1) the differential di-
agnoses included serious pathology that could not be ruled 
out without diagnostic imaging (hereafter described as “se-
rious differentials”, 2) red flag symptoms were present (“red 
flags”), 3) there was no clinical progress despite treatment 
(“no progress”), or 4) if the PT’s examination findings did 
not concur with the referral diagnosis (“disagreement”). 
Other clinical reasoning categories were generated if a case 
report did not fit any of these categories. A single case re-
port may have more than one indication for USI. Clinical 
reasoning categories were required to be explicitly stated. 
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The researchers collected the anatomical regions as-
sessed with USI to understand more common presentations 
and suggest necessary USI skills. When one or more regions 
were explicitly stated, all regions were recorded. Where the 
regions were not explicitly stated, USI images were used 
to determine the region. The reports may not have always 
reported all anatomical areas that were imaged. Similarly, 
when case reports did not specify whether tests were static 
or dynamic, the nature of the test was inferred by the pub-
lished images. 

Outcome categories were limited to patient referral, ar-
riving at a diagnosis, or a change in physical therapy in-
tervention strategies. The imaging case reports focused on 
diagnostic strategies and often did not include patient-spe-
cific clinical outcomes. 

Following the acquisition of full-text case reports that 
met the inclusion/exclusion criteria, entire papers were re-
viewed independently by two researchers (RCM and KRP). 
Each case report’s data was hand entered into the data ex-
traction form in Microsoft Excel. A third researcher (MEM) 
then reviewed all data to verify accurate data logging and 
resolve discrepancies. The authors met to discuss all the 
collected cases, compare findings, and generate summaries. 
The authors reached a consensus for all case-report data. 

RESULTS 

The initial search strategy resulted in 172 papers being re-
viewed by title and abstract for inclusion/exclusion criteria. 
Most of the excluded papers at this stage used USI for the 
medical diagnosis and the patient was referred for physi-
cal therapy. Since the initial search strategy was not spe-
cific, these papers were identified but did not meet the in-
clusion criteria. Forty-five complete published case reports 
were obtained for reading and data tabulation. One paper 
included two cases. Following a complete review, two cases 
were ultimately excluded because USI was used solely for 
ultrasound-guided percutaneous electrical nerve stimula-
tion. One paper was excluded because USI was used for 
drug delivery. One paper was excluded because the rela-
tionship of USI to physical therapy practice was indeter-
minable. Thus, 42 cases were assessed by the researchers. 

The Journal of Orthopaedic and Sports Physical Therapy 
had 24 case reports. The more recent journal version, 
JOSPT Cases, had 8 case reports. The earliest JOSPT case 
report was from 1994. More recently, JOSPT had a special 
feature titled “Musculoskeletal Imaging,” which started in 
2008 and was the primary source of case reports. JOSPT 
launched the Cases version in 2021 and continues the same 
format for imaging cases. The International Journal of 
Sports Physical Therapy and its predisesor, the North 
American Journal of Sports Physical Therapy had nine re-
ports. Physiotherapy Theory and Practice had three cases. 
Physical Therapy Journal had one case report. Thirty-five 
cases were from within the United States, and eight were 
from other countries. 

Patient primary complaints, anatomical regions, and fi-
nal diagnoses are listed in Table 1. The average patient age 
was 37 years (range 15-73). Case reports included 25 males, 

18 females, and the sex of one patient was not reported. 
Diagnostic ultrasound was performed by PTs 22 times, by 
another health care professional in 15 cases, and a sonog-
rapher was unidentified in six cases. Settings varied little, 
with most patients from outpatient orthopaedic (27) and 
sports (14) clinical environments. One patient was seen in 
a pelvic health clinic, and only one case report was from an 
inpatient physical therapy setting. 

Anatomical regions with the largest proportion (n, %) 
of physical therapy USI case reports are the foot and lower 
leg (10, 23%), thigh and knee (8, 19%), shoulder and shoul-
der girdle (7,16%), lumbopelvic region (6, 14%), and elbow/
wrist/hand (5, 12%). There were very few case reports for 
the spine (3, 7%), head and neck (3, 7%), and hip/groin re-
gion (1, 2%). One case report focused on the lungs. 

Case reports either documented a single type of USI (sta-
tic, dynamic, or Doppler) or more than one type. Eighteen 
case reports did not specify whether the patient was sta-
tic or dynamic during USI. These cases were inferred to be 
static tests from the published images and were added to 
the seven case reports that specified the patient was sta-
tic, resulting in a total of 25 cases (58%). The authors as-
sumed that dynamic and Doppler tests would be preceeded 
by static imaging. Six case reports reported dynamic test-
ing (14%). Eight case reports specified that Doppler imag-
ing was used (19%). See the listing of all case reports, pre-
senting complaints, anatomical regions assessed, and final 
patient diagnosis in Table 1. 

Case reports often had more than one indication for USI 
(32, 74%). The most common reason for USI during exam-
inations was when the differential diagnosis list included 
serious pathologies (26, 60%). For example, Hoglund, Sil-
bernagel, and Taweel31 reported that moderately severe 
lower leg pain with full weight-bearing that originated from 
running includes stress fracture as a differential. Rosenthal, 
Hawkes, and Garbrecht45 reported that unilateral calf pain 
and cramping, with negative spine examination and nega-
tive compartment syndrome tests, could include popliteal 
artery entrapment as a differential. 

Eleven cases (26%) reported specific red flags. Red flags 
are important to discern as it is an indication of possible se-
rious pathology including inflammatory, neurological con-
ditions, structural musculoskeletal damage or disorders, 
circuilatory problems, suspectived infections, tumors or 
even systemic disease processes. 

No change from previous treatment was reported in 
twelve cases (28%). The average duration before the PT rec-
ognized a lack of progress was 3 months, with a range of 
0.5 to 12 months. The most commonly reported duration 
before the PT initiated imaging was 2 months, indicating a 
high degree of suspicion early on in the treatment process. 
For example, Stanley and Berkoff49 reported that a patient 
had 8 physical therapy sessions over 1 month before the 
patient was referred for imaging because of failure to 
progress. 

A disagreement occurred between initial diagnosis and 
final outcome in 16 cases (37%). At times this occurred 
when a referral for a given pathology was determined to be 
a different pathology. In some instances this happened af-
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Table 1. Included case reports, presenting complaints, anatomical regions assessed with USI, and final patient              
diagnoses.  

Author(s) Patient presenting 
complaint 

Anatomical Region 
Assessed 

Final diagnosis 

Angelopoulou and 
McReynolds10 

Left lateral knee pain Knee/leg Fibular collateral ligament tear 

Beneck, Gard and 
Fodran11 

Low back pain Lumbopelvic Spondylolisthesis 

Boggs and Nitz12 Left lateral foot pain Foot/ankle Oblique fracture of the 5th metatarsal 

Brenner, Gill, 
Buscema, and 
Kiesel13 

Low back pain and left posterior 
thigh pain 

Lumbopelvic Hypomobility, decreased activation of 
multifidus 

Brindisino, Mourad, 
and Maselli14 

Left subscapular and shoulder pain Shoulder/upper arm Elastofibroma 

Buchanan and 
Rawat15 

Medial ankle pain Foot/ankle Schwannoma of posterior tibialis 
nerve 

Buchanan and 
Rawat16 

Medial elbow pain Elbow/wrist Elbow apophysitis 

Burzynski et al.17 Chronic perineum pain Lumbopelvic USI test for bladder retention was 
negative 

Crane, Young, and 
Koppenhaver18 

Left unilateral abdominal pain Lumbopelvic Hypoechoic band, symptomatic 
trigger point 

Davis, Brooks, and 
Bryceson19 

Right anterior ankle pain and 
swelling 

Foot/ankle Pseudo-aneurysm of anterior tibial 
artery 

DeLisa, Hensley, 
and Jackson20 

Left upper extremity swelling Shoulder/upper arm Paget-Schroetter syndrome and 
primary effort thrombosis 

Faltus, Boggess, 
and Bruzga21 

Right anterior thigh pain Hip/thigh Rectus femoris muscle tear 

Fink and 
Stoneman22 

Left knee pain Knee/leg Superficial femoral vein thrombosis 
and popliteal deep vein thrombosis, 
bilateral pulmonary emboli 

Fisher, Lento, and 
Mabry23 

Left ankle pain Foot/leg Transsyndesmotic fibular fracture 

Flatt and Rawat24 Bilateral hip pain, burning and 
popping in right hip 

Hip Bilateral metallosis 

Garbrecht, 
Reynolds, and 
Rosenthal25 

Right anterior shoulder pain Shoulder/upper arm Thrombosis in middle subclavian and 
axillary veins 

Ghaly, Boggs, and 
Ross26 

R hand pain, some paresthesia, and 
diminished sensation 

Elbow/wrist/hand Cystic mass compressing the ulnar 
nerve 

Hassett, Kulig, and 
Colletti27 

Bilateral anterior knee pain Knee/leg Xanthomatous tendinosis 

Hellem, Jelsing, and 
Hurd28 

Left medial elbow pain Elbow/forearm Ulnar neuritis with medial apophysitis 

Ho, Gross, Gaal, 
and Nguyen29 

Left anterior hip pain Hip/thigh Nondisplaced fracture of the anterior 
superior iliac spine 

Ho, Ho and 
Colletti30 

Difficulty opening mouth; right 
temporomandibular pain 

Temporomandibular 
joint 

USI lateral capsule-condyle distance 
test was positive; temporomandibular 
hypomobility 

Hoglund, 
Silbernagel, and 
Taweel31 

Right lateral leg pain Knee/leg Fibular stress fracture 

Kardouni32 Right lateral ankle pain Foot/ankle Oblique fracture of the distal fibula 

Kirkham and 
Rawat33 

Right shoulder pain Shoulder/shoulder 
girdle 

Fracture of humerus, multiple partial 
muscle tears 

Krause and Smith34 Right anterior arm pain Shoulder/arm 2nd-degree strain of biceps brachii 

Physical Therapists Use of Diagnostic Ultrasound Imaging in Clinical Practice: A Review of Case Reports

International Journal of Sports Physical Therapy



Author(s) Patient presenting 
complaint 

Anatomical Region 
Assessed 

Final diagnosis 

Leech, Bissett, Kot, 
and 
Ntoumenopoulos35 

Respiratory deterioration, 
secretion retention, and 
widespread crackles to lung 
auscultation 

Lung Pleural effusion 

Mechelli, Preboski, 
and Boissonnault36 

Low back pain Lumbopelvic Abdominal aortic aneurysm 

Monteleone, 
Gismant, 
Stevanato, and 
Tiloca37 Case 1 

Atrophy of the right deltoid Shoulder/arm Quadrilateral space syndrome 

Monteleone, 
Gismant, 
Stevanato, and 
Tiloca37 Case 2 

“Hollow” in the right shoulder Shoulder/arm Quadrilateral space syndrome 

Murphy, Stockden, 
and Breidahl38 

Acute right-sided abdominal pain Lumbopelvic 2nd-degree strain of the abdominal 
oblique muscle 

Neville, Meyers, 
and Hojnowski39 

Left medial foot and ankle pain Foot/ankle Advanced focal degeneration or 
partial tear of tibialis posterior 
tendon 

Painter, Ogle, and 
Teyhen40 

Left buttock pain and urinary 
incontinence 

Lumbopelvic Dysfunctional motor control of the 
transversus abdominis and pelvic 
floor muscles 

Pape, Pape, De 
Martino, and 
Christensen41 

L lower leg swelling (after skiing 
injury, feeling snap, on-site 
diagnosis of soleus tear) 

Foot/leg Deep vein thrombosis in the calf 

Pujol-Marzo and 
Balius42 

Chest pain Shoulder/shoulder 
girdle 

Stress fracture in the sternum 

Rainey, Taysom, 
and Rosenthal43 

Left posteromedial knee pain, 
snapping 

Knee/leg Benign mass in the posteromedial 
knee 

Rainey, Taysom, 
and Rosenthal44 

Right shoulder pain, paraesthesia 
digits, swelling 

Shoulder/arm Upper extremity deep venous 
thrombosis subclavian and axillary 
veins 

Rosenthal, Hawkes, 
and Garbrecht45 

Low back pain, left leg pain, 
paraesthesia 

Knee/leg Popliteal artery entrapment 

Said and 
Bevelaqua46 

Left proximal posterior thigh pain Hip/thigh Benign vascular malformation 

Sillevis, Shamus, 
and Mouttet47 

Right-sided foot pain Foot/ankle Plantar fasciitis with thickening 

Sillevis and 
Swanick48 

Headache Head/neck Cervicogenic headache due to spine 
immobility 

Stanley and 
Berkoff49 

Left lateral calf pain Knee/leg Schwannoma 

Torstensen, Meen, 
and Stiris50 

Right shoulder pain Shoulder/arm Supraspinatus muscle degeneration 

van Duijn and 
Felton51 

Right medial elbow pain Elbow/forearm Complete tear of the ulnar collateral 
ligament 

Wood, Konin, and 
Nofsinger52 

Left medial elbow pain Elbow/forearm Ulnar collateral ligament sprain 

Zosel et al.53 Left-sided neck pain Head/neck/ 
Shoulder/arm 

Upper Extremity superficial venous 
thrombosis 

ter referral from a physician, while other times it occurred 
following an initial diagnosis after direct access examina-
tion. 

Another common reason for including USI in the diagno-
sis was to expand the clinical examination to include more 
specificity (5, 12%). This is important for PT’s for many 
reasons. During the examination process, the medical his-

tory may not seem to exactly line up with the physical ex-
amination. This could be something as simple as the pa-
tient has been in therapy for some time and not improving, 
and has recently experienced unexplained weight loss. In 
this instance, the PT used USI to expand the diagnsosis to 
other areas, or for assessing for other potential confuound-
ing conditions. 
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Six cases included both pre- and post-testing USI. As 
a part of foundational PT treatments, demonstrating 
progress or regression of conditions is required for 
medicolegal purposes and insurance requirements. Im-
provement can be used to obtain approval for further con-
tinued care, while lack of progress is helpful for seeking 
different treatment options or referral back to physician or 
another health care provider. 

Other imaging modalities used in conjunction with USI 
depended on the case’s patient-specific nature. Depending 
on the case, USI was followed up with another imaging 
modality to clarify the nature of the pathology. Follow-up 
imaging was seen in 23 patients. These follow-up tests in-
cluded an x-ray, MRI, and magnetic resonance angiogra-
phy. In some cases, another specialist repeated USI. On the 
other hand, previous negative imaging tests, including MRI, 
radiograph, or other USI negative results, may have pre-
ceded positive USI results. In retrospect, this finding is ex-
pected because of the complex nature of appropriateness 
criteria54 and imaging clinical reasoning rules. One case 
had concurrent imaging performed. Fourteen of the cases 
did not require further follow-up imaging; in one case, fol-
low-up imaging was unable to be determined. 

Outcomes of case reports focused on diagnosis. Thirty-
three cases (77%) resulted in a confirmed diagnosis from 
the USI. Because of the confirmation of a diagnosis, twenty-
nine case reports (67%) documented significant changes 
in physical therapy intervention strategies due to the USI. 
Twenty-five case reports (63%) stated that the USI resulted 
in referral. Only two case reports used USI to monitor im-
provements in patient status over time. 

DISCUSSION 

The purpose of this review was to summarize published 
case reports that describe the use of USI in PTs practice 
for the diagnosis and management of patient conditions. 
Case reports can be used to examine how PTs utilize USI for 
diagnostic purposes and develop clinical skills.55 This re-
view of case reports corroborates the previous work of Bois-
sonnault and Ross.9 Physical therapists in orthopaedic and 
sports medicine environments recognized indications for 
imaging, resulting in improved diagnostic validity for the 
patient. This diagnostic validity is essential for appropri-
ate care and reduces the potential delay of diagnosis, which 
causes unnecessary patient hardship. This seems critical as 
PTs primarily rely on their clinical suspicion when screen-
ing for serious pathology, while at the same time are uncer-
tain about their differential diagnostic abilities.56 USI was 
used as an extension of the physical examination and added 
valuable data in justifying referrals or monitoring patient 
change over time. In many instances, PTs were the provider 
performing the USI examination or were the person refer-
ring patients to have USI conducted. 

Physical therapists are uniquely positioned to optimize 
USI as a powerful examination and treatment tool. Ultra-
sound allows a clinician to view not only static but dynamic 
anatomical images. Of all healthcare professionals, PTs are 
movement experts. Due to PTs knowledge and education in 

anatomy, kinesiology and biomechanics, and physical ex-
amination, they are equipped to acquire and interpret static 
and dynamic images and can relate these images to pathol-
ogy. A physical therapist can move back and forth between 
physical examination, history taking, and imaging without 
losing sight of the primary objectives of the clinical exam-
ination. Physical therapists are trained to examine the en-
tire kinetic chain and thus can quickly identify how a re-
gion distant to the actual site of symptoms may contribute 
or be the cause of dysfunction. This ability to perform a 
more complete assessment of a given condition, including 
medical screening, may flag a different or more serious dif-
ferential diagnosis not even suspected by another provider. 
The ability of physical therapists to discern more serious 
pathology was seen in the present study which found that 
11 cases (26%) reported red flag conditions associated with 
the patient presentation. For example, Mechelli et al.36 de-
scribed a case in which a 38-year-old male was initially re-
ferred to therapy for chronic lower back pain. The patient 
also had red flag symptoms of insidious onset unrelenting, 
deep, boring pain that was constant, irrespective of move-
ments of posture changes or time of day. The resulting USI 
demonstrated an abdominal aortic aneurysm. Garbrecht et 
al.25 reported that a patient had exercise-induced unilateral 
upper extremity arm swelling with negative cervical and 
shoulder musculoskeletal examinations. Doppler ultra-
sound discovered a thrombosis of the subclavian and ax-
illary veins. Both of these cases demonstrate the physical 
therapists ability to differentiate between appropriate and 
inappropriate conditions ameanable for physical therapy 
treatment. 

Disagreements between the initial diagnosis and what 
was ultimately determined to be the cause of pathology 
was not uncommon occurring in 16 (37%) of the reviewed 
cases. Depending on the seriousness of the condition exam-
ined with musculoskeletal-US, a disagreement that is not 
resolved can be a matter of life or death. For example, Flatt 
and Rawat,24 initially treated a patient following total hip 
replacement, that ended up having metallosis which is a 
rare build-up of debris within tissue resulting in osteolysis 
and loosening of a prosthetic. Additionally, despite receiv-
ing a Well’s screening score of 0, Pape et al.41 report on a 
patient with a medical diagnosis of partial soleus tear, who 
ultimately was found to have a deep vein thrombosis. 

In review of these case studies another common reason 
for including USI in the diagnosis was to expand the clinical 
examination to include more specificity (5, 12%). For ex-
ample, Beneck et al.11 reported the case of a 57-year-old 
woman. A longitudinal view of the lumbar facet joints 
demonstrated marked anterior displacement of the L3-4 
and L4-5 facet joints, indicating possible spondylolisthesis. 
A grade II spondylolisthesis was confirmed by follow-up ra-
diography. In another case report, Brenner et al.13 used USI 
to confirm decreased multifidus activation in a person with 
chronic low back pain. 

Six cases included both pre- and post-testing USI. For 
example, Ho et al30 measured temporomandibular motion 
during active mouth opening to identify a movement im-
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pairment and followed up with additional measurements 
after 10 physical therapy sessions. 

Prior to making a patient/client management decision, 
PTs utilize the diagnostic process in order to establish a di-
agnosis for a specific condition in need of the PTs atten-
tion. When indicated, a physical therapist can order appro-
priate tests, including but not limited to imaging and other 
studies, that are performed and interpreted by other profes-
sionals. Additionally, when a patient is referred with a pre-
viously established diagnosis, the physical therapist should 
determine that the clinical findings are consisten with that 
diagnosis. If the diagnostic process reveals findings that 
are outside of the scope of PTs knowledge, experience, or 
expertise, the physical therapist should refer the patient/
client to an appropriate practitioner. In the reviewed case 
studies, typical of the physical examination process, case 
presentations often started with a patient complaint of pain 
in a general anatomical area. When the results of history 
and physical examination were inconclusive or suggestive 
of an alternate diagnosis, USI performed by the PTs or a 
referral for USI resulted in a final diagnosis that was more 
specific. 

USI offers several unique strengths for the evaluation of 
soft tissues. There were cases where USI discerned infor-
mation that was not gleaned from either MRI or x-ray.4 

USI has a higher special resolution than MRI, which is ex-
tremely helpful when viewing superficial soft tissue struc-
tures. Studies have shown that USI performs comparably to 
MRI in the detection of pathologies such as full-thickness 
and partial-thickness rotator cuff tears, with a sensitivity 
and specificity of up to 95%.57–60 

Physical therapy focuses on movement-related health. 
Physical therapists may provide a unique perspective on 
USI for assessing the dynamic function of soft tissues. An 
example includes observing muscles contract and relax. 
Due to improvements in hardware and software, including 
portable hand-held units, the clinician can quickly and ef-
ficiently compare the patient’s involved and non-involved 
sides while continuing to interact with the patient directly. 
The ability to interview the patient while examining vari-
ous structures helps determine the actual injury from the 
differentials. Reports such as these support that USI is a 
valuable point-of-care imaging modality tool to extend the 
physical examination in the physical therapy clinic.61–63 

There were several case reports where the resulting diag-
nosis was vascular pathology.22,25,36,45 These vascular-re-
lated case reports suggest that PTs should maintain a high 
degree of suspicion for these differentials, and Doppler 
might be an appropriate imaging modality for some phys-
ical therapy patients. For example, Garbrecht et al.25 used 
same day Doppler USI which ruled in a occlusive throbus 
in the middle subclavian and axillary vein of a 23-year-old 
male active-duty Marine with complaing or anterior shoul-
der pain after multiple episodes of transient shoulder pain. 
In another military case, Fink and Stoneman22 report on a 
case of a 21-year-old healthy athletic male cadet who had 
leg pain following a long car ride. Ultimately he was found 
to have a lower extremity DVT despite displaying minimal 
DVT risk factors. 

In the orthopaedic clinic, it is challenging to discern 
precise anatomical structural anomalies without imaging. 
For example, a review of physical examination tests of the 
shoulder found that the clinical performance (sensitivity 
and specificity) of single tests is limited.64,65 Combinations 
of shoulder physical tests provide better accuracy, but mar-
ginally.64 Individual pathoanatomical structures that cause 
shoulder pain, such as impingement syndrome, cannot be 
isolated by motions or external stresses. Also, shoulder 
physical assessment has been found to lack acceptable lev-
els of reliability.66 Because of these limitations, when the 
clinical examination is ambiguous, shoulder radiography, 
MRI, and ultrasound are recommended depending on each 
modality’s indications and clinical efficiency.67 

Based on this review of case studies, PTs often perform 
diagnostic USI during examination of the extremities. This 
predominance of USI for these regions may reflect a larger 
number of patient presentations of these areas in standard 
outpatient orthopedic clinics. Learning USI skills and un-
derstanding pathology may be easier when analyzing these 
areas. More cases are needed that describe USI use by PTs 
in other regions such as the spine, hand and wrist, the el-
bow, and the hip. 

Most of the cases described in this paper were patients 
from an orthopaedic outpatient or sports medicine setting. 
Since PTs work with patients across diagnostic categories 
and USI images anatomical structures across physiological 
systems, more case studies should address other practice 
areas. Only one case described use in an inpatient physical 
therapy setting. Indeed, the total number of case reports 
should increase to provide additional clinical reasoning and 
diagnostic guidance. 

A published case report may stimulate other clinicians 
to report similar cases, which may, in turn, prompt further 
investigations to more systematically evaluate a new hy-
pothesis related to diagnosing via USI. The authors encour-
age standardized data reporting and detailed clinical de-
cision-making descriptions in future imaging case reports. 
Although the CARE68 case report checklist covers general 
items, imaging case reports should provide readers with ad-
ditional information on clinical reasoning. Useful informa-
tion for standardized reporting of USI cases may include: 
1) How the patient accessed physical therapy services (e.g., 
referral or direct access); 2) The clinical setting in which 
services were provided (including whether this was a spe-
cialty service); 3) If and when a patient was referred for ul-
trasound by another professional; 4) The professional des-
ignation of the person who performed the USI; 5) other 
diagnostic testing methods and the results; 6) The PT’s spe-
cific role in patient triaging and referral; 7) A chronological 
list of patient care from the onset of symptoms to the date 
of the examination; and 8) Specific outcomes. Table 2 is a 
checklist of information the authors feel would be benefi-
cial when publishing USI case studies. The highlighted ar-
eas are those not included in the CARE68 case report check-
list. 

The limitations of this case report synthesis are primar-
ily due to publication bias. Authors of case reports must 
be motivated and possess the time and skills to submit a 
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Table 2. CHECKLIST OF INFORMATION TO INCLUDE WHEN WRITING ULTRASOUND CASE REPORTS.           

TOPIC ITEM CHECKLIST ITEM Reported on 
line # 

Title 1 The diagnosis or intervention of primary focus followed by the words “US” and “case 
report” 

Key Words 2 2 to 5 key words that identify US, the diagnosis, or interventions in the case report 

Abstract 3a Introduction: What is unique about this case and what did US imaging add to the case 

3b Main symptoms, complaints, or important clinical findings 

3c The main diagnosis, US diagnosis, reasons for use of US imaging and ultimate outcomes 

3d Conclusion: What is the main “take away” lesson from this US case? 

Introduction 4 1 or 2 paragraphs summarizing why this US case is unique 

Patient 
information 

5a De-identified patient specific information 

5b Primary concerns and symptoms of the patient (medical history) 

5c Chronological list of patient care from date of onset of symptoms to date of care 

5d Medical, family, and psychosocial history including relevant genetic information 

5e What was the clinical setting (Out-patient, inpatient)? 

5f How did patient access PT (referral from who, direct access)? 

Clinical 
findings 

6 Describe significant PE and important clinical findings 

Timeline 7 Historical and current information from this episode of care organized on a timeline 

Diagnostic 
Assessment 

8a Diagnostic testing (such as PE, lab testing, imaging, surveys) 

8b Any additional testing performed? 

8c Diagnostic challenges (such as access to testing, financial, or cultural 

8d Diagnosis (including differential diagnosis considered) 

8e Who performed the US? 

8f Who referred for US (if not performed by PT)? 

8g Physical therapist specific role in patient triage and referral? 

Therapeutic 
Intervention 

9a Types of therapeutic intervention (therapy, surgical, pharmacological, preventative, 
self-care, etc) 

9b Administration of therapeutic intervention (dose, strength, duration) 

9c Changes in therapeutic intervention (with rationale) 

Follow-up 
and 
Outcomes 

10a Specific clinical outcomes? 

10b Important follow-up diagnostic and other tests results 

10c Intervention adherence and tolerability (How was it assessed?) 

10d Adverse and unanticipated events 

Discussion 11a A scientific discussion of the strengths AND limitations associate with this case report 

11b Discussion of the relevant medical literature with references 

11c The scientific rational for any conclusions (including assessment of possible causes) 

11d The primary “take-away” lesson of this US case report (without references) in one 
paragraph 

Patient 
Perspective 

12 The patient should share their perspective in 1 to 2 paragraphs on the treatment they 
received 

Informed 
Consent 

13 Did the patient give informed consent? Please provide copy. 

 

PE= Physical examination; US= Ultrasound      

manuscript. Journals require case reports to be focused on 
a novel aspect of clinical practice. The actual frequency of 
USI for patients utilizing physical therapy and their out-
comes is unknown. It is likely that the case reports vastly 
underrepresent the actual numbers of patients that un-
dergo USI. Also, it is unknown whether patients present 
with signs and symptoms that are indicators for imaging, 

but these patients are not referred. The literature search 
used to gather these case reports may not have captured 
all studies, especially because the researchers only included 
papers in the English language. Future research should be 
more systematic in observations, and methods to standard-
ize USI in clinical practice may provide more accurate infor-
mation on the impact on patient care. Lastly, future studies 
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are needed to determine if the clinical reasoning associated 
with USI in physical therapy differs from other professional 
environments. 

CONCLUSIONS 

Ultrasound imaging provided information for physical ther-
apy patient care beyond a traditional physical exam, includ-
ing aspects that reflect the unique professional framework. 

PTs are utilizing USI for clinical reasoning associated with 
various patient presentations that can result in the diagno-
sis of muscle and ligament strains and sprains, fractures, 
and vascular problems. 
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Background  
Increasing numbers of elite female athletes are competing in professional sport, and 
many wish to become pregnant and return to competitive sport after childbirth. Athletes 
have a higher risk of pelvic floor dysfunction (PFD) than non-athletes (54% versus 7%) 
and there is also an increased prevalence in post-partum women compared to nulliparous 
women (35% versus 2.8-7.9%). Additionally, PFD has been shown to influence athletic 
performance. High quality evidence for elite athletes is lacking, and there are no exercise 
guidelines specifically for these women to prepare or effectively guide their safe return to 
sport (RTS). The purpose of this case report is to detail the management of an elite 
athlete who presented following cesarean section (CS) with the goal of RTS within 16 
weeks. 

Case Description   
A 27-year-old primiparous Caucasian professional netballer presented at four weeks post- 
caesarean section (CS) for RTS screening and assessment of pelvic floor muscle (PFM) 
function. Assessment included readiness and fear of movement screening, dynamic pelvic 
floor muscle function, structural integrity of the CS wound, levator hiatal dimensions, 
bladder neck descent, and early global neuromuscular screening. Measures were collected 
at four weeks, eight weeks, and six months post-partum. The post-partum athlete 
demonstrated alterations in pelvic floor muscle function, reduced lower limb power and 
psychological readiness. A functionally staged dynamic and sport specific pelvic floor 
muscle training program was implemented and adapted to the patient for her early 
post-partum timeline. 

Results  
Rehabilitation strategies were effective in achieving the primary outcome of RTS at 16 
weeks post-partum with no adverse events reported at 6 months follow-up. 

Discussion  
This case highlights the need for a holistic and individualised RTS management approach 
that includes women’s and pelvic health risk factors in a professional athlete. 

Level of Evidence    
5 

INTRODUCTION 

Female participation in elite sport has increased signifi-
cantly in the last 10 years.1,2 Athletes returning to sport 

post-partum is also more common. Limited evidenced-
based protocols, established time frames or injury risk data 
exist to guide the post-partum athlete’s return to sport 
(RTS).2,3 Athletes have a higher risk of pelvic floor dysfunc-

Corresponding author: 
Alexandra Diggles. BPhty (Hons.), MPHealth 
Pelviology Physiotherapy. 
Address: Brisbane 4169, Australia. 
Email: info@alexandradiggles.com 

a 

Diggles A. The “Mother Load” and Return to Sport: A Case Report of Returning to
Professional Netball Following Cesarean Section. IJSPT. Published online February 1,
2023:228-239.

https://doi.org/10.26603/001c.65894
mailto:info@alexandradiggles.com/


tion (PFD) than non-athletes (54% versus 7%)4–6 and there 
is also an increased prevalence in post-partum women com-
pared to nulliparous women (35% versus 2.8-7.9%).5,7,8 It is 
suspected that there is an increased risk of PFD for post-
partum athletes and therefore there is a need to identify 
best-practice for RTS in this population. 
There are mixed reports of the optimal timeline for re-

turning to sport post-partum. A recent editorial advocates 
for a multidisciplinary, biopsychosocial injury rehabilita-
tion model for postpartum return to high impact activities 
yet such a model has not been investigated.9 Evidence sug-
gests that 71% of athletes return to training within six 
weeks post-partum.10 Similarly, survey data indicates that 
40% of post-partum recreational runners return to running 
at four weeks11 and 78% at 12 weeks.12 Contrary to this, 
guidelines based on expert opinion for return to running 
identify potential risk factors in returning to running in 
the first three months post-partum.8 The prevalence of uri-
nary incontinence (UI) or vaginal heaviness was reported by 
more than 30% and musculoskeletal pain by 84% in early 
post-partum runners.12 Urinary incontinence increases the 
risk of having musculoskeletal pain with running (RR 
1.97 95% CI (1.37, 2.84)12 and negatively influences per-
formance and participation.13 Additionally, authors have 
shown reduced abdominal wall strength post-partum irre-
spective of delivery mode which may contribute to poor 
trunk control, PFD and suboptimal RTS.14 Given the high 
rates of PFD and pain in post-partum women returning to 
exercise and the influence on performance, there is a clear 
need to evaluate PFD within a global neuromuscular assess-
ment prior to RTS. 
The purpose of this case report is to detail the man-

agement of an elite athlete who presented following ce-
sarean section (CS) with the goal of RTS within 16 weeks. It 
draws on the current sports literature of physical and psy-
chosocial factors that influence successful RTS15,16 and fac-
tors specific to post-partum RTS, referred to herein as the 
“mother load”.17 

CASE DESCRIPTION 

GT, a 27-year-old primiparous caucasian professional net-
baller presented at four weeks post-CS for RTS screening 
and assessment of pelvic floor muscle (PFM) function. Her 
healthcare team included a sports physiotherapist, perfor-
mance manager, coach, dietician, psychologist, obstetri-
cian, sports physician, and pelvic health physiotherapist 
(author). GT consented to this case being published. 

PATIENT HISTORY 

GT had been playing elite netball for 10-years and had no 
time off training or playing due to injury. Prior to child-
birth, she had no prior urinary or anal incontinence, ob-
structive emptying or sexual health concerns during sport 
or daily life. 
GT reported coping well throughout pregnancy and in 

the acute post-partum phase. Her weight gain during preg-
nancy was within normal range (11.5-16Kg) based on her 

pre-pregnancy body mass index.18 She experienced mini-
mal medical, musculoskeletal, or pelvic health issues dur-
ing pregnancy and continued to train non-contested with 
the netball team until 30 weeks gestation, remaining phys-
ically active until birth in line with current guidelines.19,20 

She did not complete pelvic floor muscle training during 
pregnancy. There was no other relevant medical history. 
GT underwent an elective low segment CS with standard 

wound closure due to breech presentation.17,21 There were 
no peri-operative or post-operative complications for 
mother or infant. Lochia stopped at three weeks post-par-
tum. Breastfeeding was established on day four with no 
latching concerns, nipple, or breast discomfort. GT and in-
fant were discharged on day five, a standard length of stay 
in an Australian private hospital. GT reported having a 
small pre-pregnancy breast size and an insignificant size 
increase.22 GT reported being well supported personally 
and by her team and team support staff. She reported her 
post-partum weight at her four-week initial review was 5Kg 
greater than pre-pregnancy. 
At four weeks post-CS, she was walking 30 minutes daily 

at a casual pace and performing two sessions per week of 
three sets of light intensity unweighted squats and lunges 
(rate of perceived exertion 2-3/10).20 There was no itching, 
discolouration, or discomfort around the scar.21 She did not 
report any symptoms, nor bother related to her pelvic floor 
function.23 She had not returned to sexual activity. She re-
ported general fatigue and an average of six to eight hours 
accumulated sleep per night. When asked, GT identified 
some concerns with RTS: “birth can cause pelvic floor mus-
cle injury and prolapse and that it can get worse if you do the 
wrong thing”. 

PATIENT GOALS 

EVALUATION 

GT’s history suggested a low predictive risk of PFD16,24 

confirmed by the validated Australian pelvic floor ques-
tionnaire (APFQ) (Appendix A).23 Psychosocial screening 
evaluated factors known to influence RTS and post-partum 
wellbeing including post-partum depression and anxiety, 
sleep quality, readiness to return to sport, and fear of move-
ment scales (Table 1).9,15,17 

Early post-partum physical performance tests were com-
pared to pre-partum data (Appendix B) provided by GT’s 
sports physiotherapist, and which were relevant to early 
intervention (Table 2). Evidenced-informed screening for 
high level neuromuscular performance in netball8,15,29,30 

was planned to be completed by the sports physiotherapist 
at eight weeks post-partum. A summary of key examination 
findings is found in Tables 1 and 2. 

• Play in round one of the national competition at 16 
weeks post-partum 

• Assess her individual PFD risk 
• Commence pre-season training at 12 weeks post-par-
tum 

• Continue to exclusively breastfeed for the first six 
months post-partum 
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Table 1. Outcome measures and examination findings at 4 weeks, 8 weeks and 6-month follow-up              

Outcome measure 4 weeks 8 weeks 6 months 
post-partum 

Psychosocial 
screening 

EPDS (_/30) 
The higher the EPDS score, the higher the likelihood 
of a depressive illness of varying severity 

0 1 1 

DASS -21 (subgroup scores _/18-24) 
DASS-21 measures the severity of emotional 
symptoms from within normal limits (low score) to 
extremely severe (highest score) 

Depression 0 
Anxiety3 
Stress 4 

Depression 0 
Anxiety 2 
Stress 2 

Depression 0 
Anxiety 2 
Stress 2 

APFQ23 (domain score _/10) 
The additive score for each domain is the divided by 
the number of questions to give an evenly weighted 
score for each domain. Higher scores relate to worse 
function. 

Bladder 0.04 
Bowel 0.08 
Sexual 0 
POP 0 

NA 

Bladder 0.02 
Bowel 0.05 
Sexual 0.06 
POP 0 

Fatigue Symptom Inventory (_/63) 
Higher values relating to greater fatigue interference 

40* 25 13 

Tampa Scale Kinesiophobia (_/68) 
Higher scores relating to greater fear and avoidance 
of movement 

35 22 17 

Psychological Readiness to Return to Sport (_/100) 
Higher scores relating to greater readiness 

50* 75 100 

Pelvic floor 
muscle 

function 

Levator ani tone^ by digital palpation in supine Normal Normal Normal 

Levator ani strength^ by digital palpation in supine Normal 
Partial 
relaxation 

Strong 
Normal 
relaxation 

Strong 
Normal 
relaxation 

Endurance 
(MVC, seconds) 

8 15 15 

No. of sustained reps to volitional fatigue (MVC) 8 15 15 

Speed (No. of MVC achieved in 30 seconds) 10 
Delayed 
recruitment 
and 
relaxation* 

25 30 

Digital palpation of co-ordination with IAP (cough) in 
supine 

Present 
Weak ^, slow 
recruitment* 

Present, 
strong^ 

NA 

Digital palpation of co-ordination with IAP (cough) in 
standing 

Present, 
weak^, slow 
recruitment* 

Present, 
strong^ 

Present, 
strong^ 

GH+PB (rest) 
GH+PB (bearing down) 
Increasing size (>7cm) is highly associated with and 
predictive of vaginal support loss. 

6 (2.5 +3.5) 
7.5 (3.5 +4) 

5 (2+3) 
6.5 (3 +3.5) 

5 (2+3) 
6.5 (3 +3.5) 

Patient reported co-ordination with IAP 
(DL jump) to volitional failure to control 

Assessed at 
8 weeks 

20 in 1 
minute 

30 in 1 
minute 

Bladder neck descent 2-Dimensional 
Transperineal Ultrasound (mm)25,26 22 19 15 

IRD (calliper measure) at umbilicus (mm)27 and depth of palpable tension 
(mm)27 17; 10 NA NA 

Rectus abdominis strength28 Grade 2* Grade 3* Grade 5 

POSAS 2.0 observer scale (_/60) 20 11 10 

POSAS 2.0 patient scale (_/60) 16 12 8 

EPDS Edinburgh post-partum depression scale | DASS-21 Depression anxiety stress scale | APFQ Australian Pelvic Floor Questionnaire | POP Pelvic organ prolapse | IAP Intra-abdom-
inal pressure | ^ using International continence society grading of Pelvic floor muscle (PFM) strength and tone | MVC maximal voluntary contraction | GH genital hiatus is measured 
from the posterior fourchette to the middle of the urethral meatus and PB perineal body is measured from the posterior fourchette to the middle of the anus. | IRD inter-rectus dis-
tance with a normal value of <25mm | POSAS 2.0 The patient and observer scar assessment scale version 2.0 The lowest score is ‘1’ for each category which corresponds to the situa-
tion of normal skin. Score 10 equals the largest difference from normal skin (i.e. the worst imaginable scar or sensation). | SL single leg |DL double leg | NA not assessed as achieved 
normative range |WNL within normal limits |* significant reduction compared to pre-partum 
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Table 2. Early post-partum musculoskeletal functional screening      

Outcome measure 4 weeks 8 weeks 
6 months post-
partum 

Musculoskeletal 
screening 

(stage one) 

SL heel raise Left 19* 
Right 17* 

Left 27 
Right 26 

Sports 
physiotherapist 

evaluation 

SL hamstring bridge Left 15* 
Right 15* 

Left 33 
Right 32 

SL maximal hop for 
distance (cm) 

Deemed not 
appropriate due to 
wound healing 

Left 215 
Right 203 

DL squat 
20, moderate fatigue 

Tested to 25, 
asymptomatic 

Lunge repetitions to 
moderate fatigue 

Left 8* 
Right 7* 
Good technique 

Left 19 
Right 17 
Good technique 

Balance test single leg 
(seconds) 
•   Eyes open 
•   Eyes closed 

30 seconds 
15 seconds* 

30 seconds 
30 seconds 

SL single leg | DL double leg | * significant reduction compared to pre-partum 

DIAGNOSIS 

GT did not meet diagnostic criteria for PFD such as urolog-
ical or anorectal disorders, prolapse or pain syndromes31 or 
diastasis rectus abdominis (DRA).14,27 Given that the defi-
nition of PFM dysfunction requires patient concern and al-
teration in normal pelvic floor muscle function,31 GT’s ex-
amination identified sub-clinical alterations in PFM: 

Musculoskeletal screening identified reduced rectus ab-
dominis strength (as per previously published testing 
guidelines),14,28 reduced lower limb strength compared to 
her pre-partum data (Appendix B) and reduced stationary 
balance testing of < 30seconds. 
Biopsychosocial screening identified changes commen-

surate to four weeks postpartum9,17 including: 

INTERVENTION 

Stage one of GT’s pelvic health physiotherapy management 
started in the immediate post-partum phase2 as part of 
a collaborative and criteria based RTS model (Figure 
1).8,15,29,30,32 During this stage, the pelvic health physio-
therapist directed case management. 
Management was informed by time-based wound heal-

ing principles17,21 and criterion-based assessments such as 
asymptomatic response to exercise testing.15,20,30,32 Dur-

ing all stages, the patient was asked to keep a diary to 
record training, breastfeeding, sleep, and symptoms. Ex-
ploratory interviews with post-partum athletes suggest 
that social support, childcare, and training specificity are 
all enablers of successful return.9,17 The shared-decision 
and development of GT’s netball-specific exercise program 
considered child minding, caring needs, lactation, and GT’s 
availability while targeting optimal training dosage.29,32 

STAGE 1: PROLIFERATIVE HEALING AND PREPARATION 
(UP TO 8 WEEKS POST-PARTUM) 

The focus of pelvic health physiotherapy intervention in 
Stage 1 was: 

Obstetrician clearance to return to a graded training 
schedule was given at six weeks post-partum. Nutritional 
and psychology reviews were initiated given their link to 
UI2,16,17 and RTS readiness, performance, and sleep.11,15,17 

DEXA scans were undertaken as per the team’s medical 
protocol for all athletes. For GT, this enabled monitoring of 
unattenuated axial bone loss associated with lactation and 
the consequent increased risk of bone stress injury.10,17 

Individualized education sessions provided clear, simple 
and evidence-informed knowledge that a CS is unlikely to 
result in pelvic floor muscle injury.12,24 This was facilitated 
by a lecture-style and teach-back approach that outlined 
the neuromuscular changes that occur in pregnancy and 
compare and contrasting modes of delivery. During the 
teach-back discussion and when asked GT reported reduced 
fear of PFM injury with RTS. Other major themes of gener-
alized education were sleep optimization,8,17 feeding pos-

• Neuromotor deficits 

• Reduced endurance with sustained and rapid contrac-
tions 

• Reduced power during a rise in intra-abdominal pres-
sure (IAP) 

◦ delayed recruitment (voluntary and functional) 
◦ delayed relaxation 

• Moderate fear of movement 
• Belief that all women are at risk of PFD post-partum 
impacting her ability to RTS. 

• multidisciplinary engagement 
• education to reduce fear of movement and address 
PFD beliefs 

• sleep optimization 
• wound healing 
• PFM rehabilitation 
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Figure 1. Patient management timeline.    
Blue time points represent individual evaluation with the pelvic health physiotherapist. Green time points represent key rehabilitation milestones. 

tures, bra considerations,9,17,22 and timing of physical ac-
tivity around expressing.2,17 

Relative contraindications to early post-partum exercise 
were increasing longitudinal wound tension and wound 
pain (> 4/10).11,21 In the immediate post-partum phase, 
there is minimal scar integrity (< 30% tensile strength).21 

Scar dressing with silicone tape and daily massage to re-
duce hypertrophic scarring21 were taught and patient self-
efficacy confirmed. Abdominal wall compression wear dur-
ing activity was recommended8,21,33 given it may be more 
effective than core-based exercise in the immediate post-
partum phase for pain intensity and perceived function.33 

Abdominal wall exercises were not specifically given, and 
wound pain was used to guide her response to general ex-
ercise. To minimize longitudinal scar tension, verbal and 
visual instructions were given to avoid trunk rotation and 
limit cross-body exercises. 
There is insufficient evidence in pelvic floor rehabili-

tation guidelines regarding pain rating and training load 
early post-partum.8,11 In early post-partum studies, women 
reported no pain from commencing PFM exercises imme-
diately post-birth, therefore early PFM training was com-
menced.34 

GT’s PFM training program (Table 3) was developed in 
line with exercise prescription15,29,32 and PFM training 
guidelines8,20,26,30,35,36 to target GT’s impairments and 
train specifically for the characteristics of netball.15,29,37 

Netball requires endurance and repeated explosive effort 
(power). Athletes involved in impact sports have been 
shown to have, and require above, normal PFM strength38 

to withstand the increased IAP that occurs with running 
and jumping.2,4,6,12,36,38 The aim of this PFM training pro-
gram was to achieve hypertrophy,26,35 speed of muscle re-
cruitment during explosive tasks36 and endurance.2,26,35 

Verbal feedback, digital palpation and patient verbal con-

firmation of awareness were used in all prescribed postures 
to facilitate a correct technique.35,36 Early training (week 4) 
focused on repeated daily exposure to achieve neural adap-
tation with normalisation of motor recruitment and relax-
ation. Initial intra-vaginal pressure biofeedback (Peritron®, 
discontinued, Cardio-Design, Victoria) was conducted to 
guide correct sub-maximal voluntary contraction and re-
laxation at her first session. Progressive daily PFM training 
has been shown to be effective in addressing PFM dysfunc-
tion26,35 with greater benefit from a combined strength and 
neuromotor program (Table 2, week 6).39 GT was shown 
how to self-progress her repetitions and postural load if 
the quality of PFM contraction was maintained. Progressive 
overload was achieved by increasing repetitions or increas-
ing load by modifying task to challenge IAP de-
mands.30,32,40 Recommendations were given to perform the 
strength-based exercise earlier in the day and the en-
durance-based exercise later in the day to allow for suf-
ficient recovery.15 However, a shared-decision making ap-
proach was taken to optimise the likely times of exercise 
completion around breastfeeding and other childcare 
needs. Other strategies included metronome pacing and an 
activity diary to facilitate adherence.39 

STAGE 2: RETURN TO TRAINING (FROM 8 WEEKS POST-
PARTUM) 

At her week eight assessment, GT had reduced abdominal 
strength compared to pre-partum. With wound and abdom-
inal fascial strength continuing to increase to 80% at 12 
weeks,2,8,17,21 graded abdominal strengthening and trunk 
rotation activities were permitted, with continued scar tap-
ing21 and symptom monitoring. Insufficient evidence cur-
rently exists for best-practice abdominal wall strengthening 
post-partum.14,41 All women post-partum, with and with-
out a diagnosis of DRA, have reduced abdominal wall 
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strength compared to nulliparous controls, however the im-
portance of this remains unknown.14,41,42 Expert opinion 
supports a focus on integrated abdominal wall control com-
pared to isolated muscle strength variables.43 In consid-
eration of an integrated approach to rehabilitation, initial 
abdominal wall exercise was prescribed as isometric lower 
abdominal wall activation in supine and quadruped pos-
tures as outlined in Berg-Poppe et al41 and progression 
principles were applied as outlined by Christopher et al.30 

Given the lack of specificity identified in the literature for 
post-partum abdominal wall rehabilitation,41,42 exercises 
were progressed when able to achieve five sets of 10, with 
15-second recovery periods as based on abdominal wall 
training guidelines for sporting injuries.32 Quadruped exer-
cise was progressed to add in upper limb movement once 
perceived as easy by GT and confirmed by the physiothera-
pist that there was minimal trunk deviation, no compensa-
tion, doming or breath-holding during the task. Static ex-
ercise such as plank and side plank were progressed from 
knee based to full versions using the same criteria of ob-
served quality and once achieving one minute endurance, 
five repetitions. The abdominal wall program was com-
pleted three non-consecutive days per week. 
The PFM training program was progressed to focus on 

power training and netball-specific dynamic exercises to in-
duce pre-active and supra-maximal PFM contraction (Table 
3).35–37 This included PFM pre-activation with a cough, a 
five-meter chest pass at rapid speed, lunge to knee drive, 
and progression from double to single leg jumping to vo-
litional failure.36 Throwing distance, weight, IAP demand 
and hop distance were progressed based on symptom mon-
itoring and perceived levels of exertion.29,30,32,40 

Having attained normal PFM function and being asymp-
tomatic during Stage 1 functional testing, GT commenced a 
return to run program at 10 weeks post-partum.29 

STAGE 3: RETURN TO SPORT (14 WEEKS POST-PARTUM) 

Ongoing PFM training was integrated into GT’s condition-
ing sessions to maintain function following the 12-week 
training program. Her program included PFM control dur-
ing multi-directional stepping/hopping to volitional failure 
and PFM endurance.36 GT was prescribed PFM training 
three times per week to align with exercise prescription 
guidelines for rest and recovery given her high intensity 
training load at this stage.9,15,32,37 Abdominal wall exercise 
included cross-body control with load and progressive bal-
ance demands, and ongoing plank and quadruped exercise. 
Scar taping was ceased. Throwing and catching drills with 
reaching outside base of support provided ongoing chal-
lenge for abdominal function. 

FOLLOW-UP AND OUTCOMES 

The primary outcome was successful return to full match 
play at 16 weeks post-partum. Reassessment at six months 
post-partum identified improved PFM function. There was 
no injury reported during the season. GT continued suc-
cessfully breastfeeding. As little is known about early post-
partum recovery and the influence of high-impact activ-

ity,2,8,17,44 a six-month review identified no de novo PFD. 
A critical component of GT’s successful RTS was commu-
nication between all stakeholders and consideration of all 
biopsychosocial factors.9,17 GT provided her perspective on 
RTS: "It has really helped having Netball (state) and the state 
team, they’ve been amazing." Her satisfaction with inter-
vention: "It was really well planned out for me; it was very 
doable". 

DISCUSSION 

Current post-partum guidelines do not provide clear crite-
ria to evaluate a post-partum athlete prior to RTS, how-
ever several criteria have been suggested when returning to 
sport following injury: pain/symptom free clinical evalua-
tion, minimal range of motion/strength deficits, sport spe-
cific functional field testing, and no apprehension during 
full effort.10,15,29 These criteria can be applied in pelvic 
health to evaluate a holistic post-partum RTS management 
plan. 
Clinical evaluation for post-partum RTS should include 

screening for PFD risk factors. Pre-existing PFD risk factors 
include: pre-pregnancy symptoms, prior vigorous exercise, 
depression and recurrent urinary tract infection 
(rUTI).7,24,25 Most significantly, pre-pregnancy symptoms 
(and severity) are associated with a 15-17 times increased 
risk of persistent UI or urgency24 and these are the most 
prevalent symptoms in athletes.6,24 In a multivariate analy-
sis, vigorous exercise (> 4 times per week), depression and 
rUTI were all associated with a 40-200% increased risk of 
post-partum PFD.16 While exercise status correlates with 
greater risk of developing symptoms, recent studies identify 
a two- to three-fold increased chance of earlier return to 
running with higher weekly running volumes and running 
during pregnancy.11,12,44 Therefore, both volume of exer-
cise and the presence of PFD need to be evaluated. The au-
thor suggests that ante-natal screening for PFD, knowledge 
of an athlete’s exercise habits, and the use of a validated 
PFD screening questionnaire23 may identify risk factors as 
well as identify athletes antenatally that would benefit from 
assessment and intervention. In GT’s case, an asympto-
matic history was an enabling factor for RTS. 
Fascial support and pelvic floor resting position have a 

direct influence on urethral closing pressure and the devel-
opment of PFD.26,38 Tissue distensibility increases during 
pregnancy irrespective of delivery mode.45 Many studies 
identify increased rates of UI, POP and anal incontinence 
(AI) with longitudinal studies reporting birthing mode as an 
independent risk factor.24 While CS has been shown to be 
protective for the incidence of urinary symptoms and pro-
lapse (POP),7 pregnancy may change the risk profile dur-
ing the immediate post-partum phase for an asymptomatic 
athlete, sub-optimal function should also be addressed to 
achieve RTS. In relation to CS birth, there is no significant 
difference of pelvic floor morphology and bladder neck mo-
bility during pregnancy and post-birth with a return to pre-
pregnancy values observed.45 Women experiencing vagi-
nal heaviness were 50% less likely to return to running 
and this correlated with pre-pregnancy urinary symptoms, 
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Table 3. GT’s Pelvic floor muscle training program       

Training Aim Frequency Repetitions Sets Holds Rest Considerations Progression 

Week 4 
Focus: Neuromotor control 

Neuromotor 
control 

2-3 times/
day 

10-15 3 1-2s 5s 
2-3mins 
between 

sets 
4-6 

hourly 
intervals 

daily 

Aiming for 
60-70% MVC 
(manometry 
biofeedback) 
Focus on 
relaxation 
Rest with loss of 
quality or use of 
other muscle 
groups 

Initial position: 
Supine with knees 
bent 
Progress to sitting 
and standing 

Week 6 
Focus: Progressive power and dynamic control 

Hypertrophy Daily 3-4 3 2s 10s 
2-3mins 
between 

sets 

Aim for MVC 
Focus on fast 
ramp-up <1s 
Metronome app 
as auditory cue 

Reduced rest time 
to 5 secs 
Aim for volitional 
failure 
Self-progression to 
seated or standing 

Endurance Daily 8-12 3 8-10s 10s 
2-3mins 
between 

sets 

Aim for 80% MVC 3 sets 8x8s holds 
2 sets 12x8s holds 
3 sets 12x10s holds 

Neuromotor 
control 

1-2 times/
day 

15-20 2 - 5s 
2-3mins 
between 

sets 

Aiming for fast 
pre-activation and 
hold during task 
Task: 
Stand to sit 
Seated shoulder 
press 

Progressive load to 
achieve moderate 
exertion 
e.g Holding infant 
or increased weight 
with shoulder press 

Week 8 
Focus: Increased co-activation in dynamic tasks 

Power/ 
Endurance 

Daily 15 3 10s 10s 
2-3mins 
between 

sets 

Fast MVC 
Fast ramp up <1s 

Upright with upper 
body weight 

Neuromotor 
control 

2-3 times 
per week 
>48hours 
rest 
between 
sessions 

1 minute 3 2-3mins 
between 
sets 

Fast MVC 
Task: 
Cough 
Knee drive 
Chest pass 
DL Jump 

Added upper body 
or ankle weight 
Increased jump/hop 
distance 
Single leg hop 

Week 16 
Focus: Confidence and integration into training regime 

Power/ 
Endurance 

3 times 
per week 

15 3-4 10s 10s 
2-3mins 
between 

sets 

Fast MVC 
Seated or 
standing with load 

Increased upper 
body load 

Neuromotor 3 times 
per week 

15-20 2-3 2-3mins 
between 

sets 

Dynamic multi-
directional 
stepping/hopping 

Level of load and 
task progressed to 
perceived difficulty 

MVC maximal voluntary contraction | NA Not Applicable | SL Single Leg | DL Double leg | s seconds | mins minutes 

rUTI and vigorous exercise.11,12,24 Wound healing,21 self-
selected timing of RTS,17 higher levels of fatigue,17 nu-
tritional demands17 and post-operative pain2,12,17 may be 
a reason for a CS not being an enabling factor for return 
to running11 despite being a lower PFD risk.16,24 An addi-
tional factor can be the influence on abdominopelvic con-
trol. Current research suggests that abdominal wall 
strength and control remains reduced at 26 weeks post-par-
tum irrespective of activity levels or type of birth.14 Un-
fortunately, the mixed quality and heterogeneity of the re-

search has provided low certainty as to the type and benefit 
on improving function of the abdominal wall with post-par-
tum rehabilitation.14,33,41,42 

Athletes have been shown to have UI despite strong 
PFM, whereas increased bladder neck descent (BND) was a 
risk factor for UI.4,25,26,38 Similarly, excessive lengthening 
of the urogenital hiatus over time is an independent risk 
factor for UI and POP and may be related to altered perineal 
muscle function, repetitive high IAP as well as vaginal 
birth.7,25,45 Early return to heavy work post-partum has 

The “Mother Load” and Return to Sport: A Case Report of Returning to Professional Netball Following Cesarean Section

International Journal of Sports Physical Therapy



been associated with a three-times increased risk of POP 
symptoms.44 However, women who return to high-impact 
exercise early post-partum have no difference in PFM 
strength, reported UI or POP symptoms compared to non-
exercisers at six weeks or 12 months.44 Interestingly, inten-
sity and long training hours of athletes correlate with the 
onset of PFD16 suggesting chronic overload may be a risk 
factor versus exercise itself. This may place an athlete with 
a full-time training load at greater risk of developing PFD 
on RTS. This case study evaluated urogenital hiatus and 
bladder neck descent using 2D transperineal ultrasound at 
rest and under load, performed longitudinally to monitor 
structural change.25,26 A consideration for future studies 
would be pre- and post-training assessments of tissue dis-
tensibility and whether this correlates to the development 
of symptoms and influences RTS. On reflection regarding 
this case, earlier engagement of a pelvic health physiother-
apist prior to pregnancy would have allowed better plan-
ning in the post-partum phase.9 In future practice, the 
acute post-partum phase (up to six weeks) would be ad-
vocated as a time for tissue restoration and building psy-
chosocial resilience. Further multidisciplinary planning 
would be beneficial to include technical skills/drills in early 
stages of rehabilitation in a low intensity and controlled 
environments. 
Optimizing neuromuscular pelvic floor function can im-

prove urethral closing pressures and the levator plate posi-
tion.26,31,35,39 PFM strength, timing, and coordination are 
highly correlated with UI,26,35,36 and vital to support IAP 
loads during running and landing in netball.2,4,16,26,40 Im-
paired reaction times are associated with a three-fold risk 
of UI.36 There is grade 1 evidence for PFM training in the 
general population,35 and sport and training specificity 
should be considered when prescribing PFM training.4,15,46 

The authors acknowledge the limitation of the sport spe-
cific training protocols provided in this case and support fu-
ture work to provide multi-disciplinary RTS protocols. The 
author suggests promotion and engagement with stake-
holders and sporting decision-makers to create greater op-
portunities for primary pelvic health screening in female 
athletes. 
The lack of PFM functional measures that offer predic-

tive validity of pelvic health risk and RTS was a clinical 
challenge in this case and the research is underdeveloped 
compared to other rehabilitation protocols.4,15,30 While not 
validated, the author considered symptom responses dur-
ing jumping to identify any issues prior to the introduction 

of sport-specific training. There is currently limited evi-
dence for the prevention of PFD with PFM training. Spe-
cific ante-natal PFM training has been shown to reduce the 
risk of developing UI by 62%,47 however, research in general 
sporting populations would suggest targeted training does 
not prevent injury.15,29,32 Further research into the prog-
nostic value of PFM functional field testing may assist safe 
RTS. 

CONCLUSION 

A postpartum athlete experiences the “mother load” of 
perinatal musculoskeletal and physiological changes as 
well as experiencing the demands of early high intensity 
training. Current evidence suggests PFD has a significant 
influence on returning to exercise and that athletes are at 
greater risk of PFD. The RTS timeline in GT’s case is lim-
ited to an asymptomatic woman following CS returning to 
netball. This case study proposes a battery of tests to de-
tect PFD and integrates pelvic health into a RTS program. 
Multidisciplinary planning should begin during early preg-
nancy and include a pelvic health physiotherapist. A range 
of factors should be considered, PFD, delivery, wound heal-
ing, sleep, breastfeeding, and breast changes. Future areas 
of research include developing post-partum RTS protocols, 
diagnosis, prevention, and management of PFD in athletes 
and the longitudinal effects of PFD and RTS. 
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Background  
Platelet-rich plasma (PRP) and prolotherapy have resulted in promising outcomes in 
patients with various types of shoulder injuries. However, there is a lack of preliminary 
evidence supporting preparation of PRP production, timely application of these therapies 
and regenerative rehabilitation protocols. The purpose of this case report is to describe 
the distinct method including orthobiologic preparation, tissue-specific treatment and 
regenerative rehabilitation of an athlete with a complex shoulder injury. 

Case Presentation   
A 15y/o competitive female wrestler with a complex shoulder injury presented to the 
clinic after unsuccessful conservative rehabilitation. Unique methods were incorporated 
to optimize PRP production, specific tissue healing and regenerative rehabilitation. 
Multiple injuries required different orthobiologic interventions at different time frames, 
in order to promote optimal healing and stability of the shoulder. 

Outcomes  
The described interventions resulted in successful outcomes including pain, disability, 
full return to sport, and regenerative tissue healing confirmed with diagnostic imaging. 

Level of Evidence    
5 

INTRODUCTION 

Acromioclavicular joint (ACJ) separation injuries are com-
monly seen in athletics. Although there is a paucity of re-
cent evidence on the epidemiology of ACJ separation, the 
most recent data suggests that these injuries account for 
up to 53% of athletic related shoulder injuries.1 Interest-
ingly, concomitant intra-articular joint pathologies (e.g., 
labral tears, supraspinatus tears, inferior glenohumeral lig-
ament tears) have been reported, ranging from 14-77%.2–5 

Because multiple sites and tissues can be affected, such in-
juries can be regarded as complex shoulder injuries. Labral 
tears and supraspinatus tears have been identified as two 
of the more common intra-articular pathologies associated 
with ACJ separation.2–6 Interestingly, the incidence of con-

comitant labral tears associated with ACJ separation seems 
to be linear, and ranges from 60% in grade 1 ACJ injuries to 
100% in grade 4 ACJ injuries.4 Research investigating con-
servative non-surgical treatment (physical therapy/cortico-
steroid injections) of these types of complex shoulder in-
juries is scant, with most quality trials on shoulder pain 
addressing the more encompassing diagnosis of subacro-
mial impingement syndrome.7–10 This seemingly may be 
an important barrier to effective comprehensive manage-
ment of a complex shoulder injury, as each injured tissue 
likely needs to be addressed independently at specific time 
frames for optimal outcomes. 

Intuitively, there seems to be a need for novel point-of-
care strategies to identify and promote specific tissue heal-
ing at each pathoanatomical site of a complex shoulder in-
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jury, while improving functional outcomes in a safe/timely 
manner. Orthobiologic medicine complimented with ap-
propriate regenerative rehabilitation may be an attractive 
option. Platelet-rich plasma (PRP), and prolotherapy are 
two common therapies used within the spectrum of ortho-
biologics/regenerative medicine.11,12 

PRP is a preparation of autologous plasma enriched with 
a platelet concentration above that normally contained in 
whole blood.13 Following exsanguination, it is generally 
prepared in a centrifuge to separate its contents for a 
greater concentration of platelets within the blood. It is 
within this concentration that the platelets are extracted 
and re-injected into specific areas of musculoskeletal in-
jury. Once injected, the PRP exerts a strong bioactive effect, 
releasing a plethora of key growth factors that promote 
healing.14 The overall goal of using PRP is to have supra-
therapeutic platelet concentration in a small volume of 
plasma, in order to promote healing of tissues (joints, car-
tilage, tendons and ligaments) that have intrinsically poor 
healing capacity.13 Further, preparation of blood-based or-
thobiologic compounds such as PRP may be enhanced with 
specific exercise prior to exsanguination.15,16 Unfortu-
nately, the use of PRP for the management of shoulder con-
ditions is not without controversy.17,18 However, recent ev-
idence has suggested that PRP results in short and long 
term improvements in pain and function in patients with 
partial rotator cuff tears.19–21 Only one case series has 
suggested improved outcomes treating the glenoid labrum 
with PRP.17,22 To date, there seems to be minimal evidence 
supporting the use of PRP in conservative orthopaedics, 
with a strong recommendation for standardization of PRP 
production, treatment and post-treatment rehabilitation 
protocols.6,12,23–25 

Prolotherapy is an additional therapy that introduces 
a small amount of a natural irritant solution to the site 
of painful and degenerated tendon insertions, joints, liga-
ments, and adjacent joint spaces.26 Commonly, prolother-
apy consists of a concentrated dextrose solution that cre-
ates an environment to reintroduce a local inflammatory 
cascade, triggering the release of growth factors that aid 
with collagen deposition around areas of injury or lax-
ity.12,26,27 Hence, a major goal of prolotherapy is to treat 
ligamentous laxity and related musculoskeletal and 
arthritic conditions by improving the tensile strength of 
specific intra-articular and extra-articular tissues.12,26,28 

Overall, the evidence supports the use of dextrose pro-
lotherapy for tendinopathy, specific joint osteoarthritis, 
and spinal/pelvic ligament dysfunction.26 A recent trial29 

reported short-term (2-week) improvements in pain, dis-
ability and shoulder AROM following prolotherapy to pa-
tients with supraspinatus tendinopathy. Smaller studies 
have given some plausible insight for the use of prolother-
apy for the ACJ and complex shoulder injuries, however, 
there are no larger trials to reinforce these findings.30,31 

Rehabilitation following orthobiologic therapy is de-
scribed by the American Physical Therapy Association as 
the integration of interventional orthobiologic techniques 
coupled with appropriate rehabilitation strategies that har-
ness the healing mechanisms through movements to aug-

ment the orthobiologic therapies.12 The goal of rehabili-
tation after orthobiologic therapy is to return a patient to 
optimal function by combining the science and research be-
hind both rehabilitation and regenerative medicine. Fur-
ther preliminary data with progressive tissue healing pro-
tocols are needed to support its use following orthobiologic 
therapy. 

In this case, four unique methods were incorporated to 
optimize this patient’s healing and functional recovery. 
These included blood flow restriction therapy (BFR)32–35 

prior to the blood draw (pre-exsanguination) and during 
specific rehabilitation, dry needling with electrostimula-
tion,36–38 and a specific protein supplement regimen de-
signed to amplify the effects of tissue loading.39,40 Each of 
these unique elements were combined in a manner not be-
fore described in the literature. The purpose of this case 
report is to describe the distinct method including ortho-
biologic preparation, tissue-specific treatment and regen-
erative rehabilitation of an athlete with a complex shoulder 
injury. 

CASE DESCRIPTION 

A 15-year-old competitive female wrestler with persistent 
shoulder pain presented after unsuccessful management of 
her shoulder pain with conventional physical therapy. The 
injury occurred during a wrestling practice when another 
wrestler fell (full bodyweight) on the anterior shoulder in a 
position of end range abduction/external rotation. No im-
mediate diagnosis was made on the field. The athlete was 
able to continue with wrestling but with significant lim-
itations in her performance, persistent resting pain and 
disturbed sleep. Following the wrestling season, she un-
derwent three months of physical therapy including gleno-
humeral joint mobilizations, range of motion and tradi-
tional rotator cuff exercises. This rehabilitation approach 
resulted in minimal improvement in symptoms or sport 
specific function. The athlete had no prior injuries to the 
shoulder, cervical, or thoracic spines. 

The subject subsequently presented to the physical ther-
apist and physician for a co-evaluation, The physician was 
a dual-board certified anesthesiologist and pain manage-
ment physician with a specialty in regenerative medicine. 
The physical therapist was board certified, and fellowship 
trained in orthopaedics. Informed consent was obtained 
from the subject/parents prior to the history and physical 
examination. The subject’s pain on the numeric pain rating 
scale (NPRS)41,42 was 5/10 at rest and 8/10 during athletic 
activity (Figure 1). She described the pain as widespread 
with poor localization, and her initial Quick-DASH43,44 

score was 18% (Figure 2). The subject was unable to per-
form wrestling off-season practice or run due to a feeling 
of instability and pain in the shoulder. Pull-up motions and 
bench press motions were notably limited due to pain and 
feelings of instability during supervised team weight train-
ing. Further. skills position of a wrestling “under-hook” po-
sition could not be performed due to instability. Impor-
tantly, prior to injury, her spring sport participation was 
unrestricted and included four days per week of wrestling 
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Figure 1. Numeric pain rating scale; 0-10, Initial (initial PRP injection to labrum),1wk-7wk (outcomes post PRP               
injection), 9wk (2 days-post first prolotherapy injection to ACJ), 10wk-11wk (1-2wk post first prolotherapy               
injection), 12wk (prolotherapy injection to posterior ACJ), 13wk (final outcome measures taken).             

practice with three days per week of strength training. Pre-
injury, one-repetition maximum testing was reported to 
be 65lb bench press, 50lb pound dumbbell row, and 145lb 
deadlift. 

PHYSICAL EXAMINATION AND DIAGNOSTIC 
IMAGING 
PHYSICAL EXAMINATION 

Visual observation revealed normal position of the gleno-
humeral joint (GHJ) with a minor misalignment/swelling 
around the ACJ. Initial screening for the cervical spine in-
volvement was negative and included a negative Spurling’s 
test for reproduction of symptoms, a positive Shoulder Ab-
duction Sign for exacerbation of shoulder symptoms, and 
no symptoms below the elbow.45 The initial shoulder exam 
revealed full active range of motion in flexion, abduction, 
external rotation at 90 degrees abduction and internal ro-
tation at 90 degrees abduction. Pain was reproduced from 
90 degrees of shoulder elevation through end range, with 
more severe pain at end range. Impingement testing was 
negative.10,46 Special testing for the labrum revealed a pos-
itive compression rotation test, with pain reported deep in 
shoulder.47,48 

Special testing for the acromioclavicular joint included 
painful palpation, cross-body adduction, resisted acromio-
clavicular extension, and a positive active compression 
test.49,50 Laxity was in the ACJ joint in anterior to posterior 
direction. Superior glide mobility testing of the ACJ was 
painful, with a firm ligamentous end-feel when compared 
to the contralateral side. Laxity of the GHJ was also noted 
ipsilaterally during the anterior load and shift test.51 

Strength of the rotator cuff (internal and external rota-
tors) was 5/5 in neutral position but was limited by pain 
(4/5) in 90 degrees of flexion and abduction. Strength test-
ing of the scapular musculature (middle trapezius, lower 
trapezius, rhomboids) in prone was similar in that testing 
at greater than 90 degrees of shoulder flexion or abduction 
was limited by pain. The tentative diagnosis from the phys-
ical examination included an ACJ sprain and suspected 
labral tear with anterior laxity of the glenohumeral joint. 

DIAGNOSTIC IMAGING 

Diagnostic ultrasound imaging (GE Logiq E9; 2010) of the 
biceps tendons, tendons of the rotator cuff, rotator interval, 
labrum and anterior/posterior ACJ was performed immedi-
ately following the physical examination. Ultrasound con-
firmed misalignment of ACJ (clavicular portion elevated) 
with distinct hypoechoic patterns noted on both the clav-
icular and acromial attachments of the capsule, with asso-
ciated bony abnormalities (Figure 3A, 4A). Further, a small 
supraspinatus myotendinous partial thickness tear was also 
identified. The labrum was not adequately visualized with 
the ultrasound study. 

Based on the physical examination/ultrasound findings 
and a lack of progress with conservative treatment, mag-
netic resonance imaging (MRI) was ordered to guide further 
treatment considerations. An MRI with contrast was per-
formed using a 3-tesla magnet and revealed a small focal 
tear in the superior labrum at the biceps labrum attachment 
(Figure 5A), with an intact biceps tendon. Further, arthritic/
cystic changes were noted in the acromion, though the ACJ 
ligaments were still intact. Importantly, the supraspinatus 
tear found during the diagnostic ultrasound was not ad-
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Figure 2. Quick-Disabilities of the arm shoulder and hand; 0-100%, Initial (initial PRP injection to              
labrum),1wk-7wk (outcomes post PRP injection), 9wk (2 days-post first prolotherapy injection to ACJ),              
10wk-11wk (1-2wk post first prolotherapy injection), 12wk (prolotherapy injection to posterior ACJ), 13wk (final               
outcome measures taken).    

Figure 3. Diagnostic Ultrasound: Anterior View of Acromioclavicular Joint: Initial and 1-Year Follow-up            
A: Hypoechoic patterns showing denudement of the distal clavicle and separation of the capsule from the clavicle (A-arrows); tears in the mid and acromial regions of the capsule (B-
arrows); and bony abnormalities at the acromion (C-arrows) at initial evaluation. 
B: Reduction of denudement on distal clavicle (Arrow-A); tissue growth (hyperechoic filling) throughout joint capsule (B-circle); and filling in of bony abnormality (C-arrows), at 
1-year follow-up. 
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Figure 4. Diagnostic Ultrasound: Posterior View of Acromioclavicular Joint: Initial and 1-Year Follow-up            
A: Hyper-calcific regions at the capsule anastomosis of acromion signifying a failing joint capsule or avulsions (A-arrows) at initial evaluation. 
B: Remodeling of the calcific lesions, tissue growth (hyperechoic filling) and adherence of the capsule to the acromion (B-arrows) at -1year follow-up. 

equately visualized on the MRI scan and the labral tear 
found on the MRI was not adequately visualized on the ul-
trasound. Hence, both imaging techniques were indicated. 

INTERVENTIONS 

Due to the complex nature of the shoulder injury (ACJ, 
labrum, rotator cuff) and the athlete having an impending 
soccer season, the labrum was prioritized, and addressed 
first with a PRP injection. The PRP procedure was the initial 
focus, because of the inflammatory cycle52 and the longer 
period of recovery needed with this type of regenerative 
procedure.18,20,21 

PRE-PRP PREPARATION 

Prior to exsanguination, a novel technique of blood flow re-
striction (BFR) exercise53 was performed (Appendix) to am-
plify important circulatory components of healing in in the 
subject’s whole blood.16,32,33,35,54–56 

PRP PREPARATION 

The platelet-rich plasma was prepared using 160mL whole 
blood exsanguinated using a 20-gauge antecubital access. 
This was drawn into 10mL vials containing citrate as an 
anti-coagulant. The first spin was performed at 1500 RPM 
for 10 minutes to segregate the plasma, platelets, and 
leukocytes from red blood cells. The serum layer was ex-
tracted manually down to buffy coat and transferred to two 
new vials. The second spin was performed at 2500 RPM for 
eight minutes. The serum was removed from each vial un-

til 6mL of serum with a platelet plug remained from each 
vial. This was then mixed to reconstitute a total of 12mL of 
leukocyte rich platelet-rich plasma (LR-PRP), which is ap-
proximately 13x the concentration of platelets. 

ULTRASOUND GUIDED LR-PRP INJECTION 

The injection area was identified with Logiq E9 ultrasound 
using a linear probe in virtual curvilinear mode. To target 
the biceps tendon insertion on the labrum and the labral 
tear, the probe was positioned in the anterior shoulder in 
an axial plane to visualize the pectoralis major and short 
head of the biceps tendon overlying the anterior labrum. 
The needle was inserted in short axis and advanced to the 
labrum, confirming needle placement with hydro-dissec-
tion of tissue using LR-PRP. The needle was progressively 
walked cephalad noting the needle palpatory feedback and 
ultrasound visualized hydro-dissection to confirm place-
ment. Upon overlap with the coracoid process and loss of 
visualization of the labrum, the needle was directed cepha-
lad by palpation alone. Approximately 4mL of LR-PRP was 
injected into the labrum and intra-articular space. Despite 
its absence on MRI, a small myotendinous junction 
supraspinatus tear was appreciated on ultrasound, and the 
remaining 2mL of LR-PRP was injected into the supraspina-
tus myotendinous junction and sub-acromial bursa. 

The subject was followed regularly with a specific physi-
cal therapy protocol based on time frames of recovery to aid 
with tissue loading and healing.52 This protocol was devel-
oped in order to better stimulate growth factors15,16,53 and 
encourage stress relaxation of the collagen associated with 
the injured tissue.39 Prior to each exercise session the sub-

Novel Orthobiologic Preparation and Regenerative Rehabilitation of a Complex Shoulder Injury in a Competitive Adolescent...

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/68143-novel-orthobiologic-preparation-and-regenerative-rehabilitation-of-a-complex-shoulder-injury-in-a-competitive-adolescent-female-athlete/attachment/135725.png?auth_token=BwoF44jiquxJmcai6ioM


Figure 5. MRA of Shoulder: Initial and 1-Year Follow-up        
A: Initial MRA. Tear in the superior labrum at the biceps labral attachment (A-arrows) and surrounding inflammation (B-arrow) at initial evaluation 
B: MRA. Healing of glenoid labrum (Arrow A) and reduction in surrounding inflammation (Arrow B) at 1yr follow-up. 

ject was instructed to consume 15 grams gelatin in the form 
of hydrolyzed collagen combined with 225 mg vitamin C to 
help stimulate collagen synthesis, which in turn has the po-
tential to improve the function and integrity of an impaired 
tendon.39,40,57 In order to further enhance the healing re-
sponse, the subject received electrical dry needling38 to the 
shoulder according to a protocol developed by Dunning et 
al.10 All components of the post-procedural rehabilitation 
program are detailed in the Appendix. 

OUTCOMES 

Following successful completion of her eight-week plan of 
care after the PRP injection, the subject noted a distinct dif-
ference in the level and location of pain. Prior to the PRP 
intervention, she was unable to localize pain in her shoul-
der and described it as wide-spread pain at rest (NPRS=5/
10) and with movement (NPRS=8/10). After the PRP and re-
generative rehabilitation, she noted the lower/inferior 50% 
of her shoulder pain had resolved but an upper, more ante-
rior pain remained at rest (NPRS=2/10) and with movement 
(NPRS=5/10). This was correlated clinically with negative 
special testing of the labrum/rotator cuff and no changes 
in the provocative ACJ exam. These findings from the fol-
low-up examination and self-report outcomes (Figure 1, 2) 
helped confirm the labrum tissue as a potential indepen-
dent source of pain, allowing a more confident transition 
into phase II of her orthobiologic intervention. 

The second phase began with an ultrasound guided pro-
lotherapy injection (20% dextrose + 0.2% lidocaine) into the 
anterior acromioclavicular joint. A second prolotherapy in-
jection was determined to be necessary at a follow-up visit 
due to posterior ACJ pain during heavier weightlifting and 

plyometric activities. The second ultrasound guided pro-
lotherapy injection (with identical concentration) was di-
rected to the posterior ACJ based on local tenderness and 
symptom provocation. A less rigid rehabilitation protocol 
was followed in this phase due to the nature of healing with 
prolotherapy.58 (Appendix). 

At the three-month (13 week) follow-up after the initial 
treatment, disability dropped to a 0%, and the subject was 
able to perform soccer, heavy weightlifting, and intense 
wrestling practice without limitation or pain (Figure 1, 2). 
Reevaluation of provocative special testing of the shoulder 
at three months was negative. Intense wrestling practice at 
the three-month time frame included plyometric activities 
through the shoulder, ability to perform under-hook posi-
tions dynamically and against resistance, and full painless 
participation in supervised team weight training. Weight 
training returned to pre-injury strength testing levels and 
subject returned to running without feelings of instability 
or pain, allowing unrestricted participation in soccer and 
wrestling concurrently. 

At the one-year follow-up, the subject reported no pain 
(NPRS=0/10) and full return to athletics (QDASH =0% dis-
ability). A follow-up MRI at one year revealed no discrete 
labral tears, minimal supraspinatus tendinopathy, and nor-
mal visualization of the ACJ (Figure 5B). Similarly, a one-
year follow-up diagnostic ultrasound revealed normal ap-
pearance of the supraspinatus tendon, its myotendinous 
junction and ACJ (Figure 3B, 4B). 

DISCUSSION 

This case report describes the successful short and long-
term outcome of a competitive female wrestler with a com-
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plex shoulder injury who failed conservative treatment and 
returned to sport without pain or the need for surgery. The 
novel methods of PRP preparation, tissue specific ortho-
biologic therapy, and regenerative rehabilitation protocols 
may have contributed to the overall outcomes and timely 
return to full function. 

The use of PRP for tissue healing is based on the under-
lying capacity of platelets to supply and release supraphys-
iologic amounts of essential growth factors and cytokines 
from their alpha granules. This process provides a regener-
ative stimulus that augments healing and promotes repair 
in tissues with low healing potential.13 Growth factors that 
are commonly described for their utilization include but 
are not-limited to: platelet-derived growth factor (PDGF), 
transforming growth factor-b (TGF-b), vascular endothelial 
growth factor (VEGF) epidermal growth factor (EGF), basic 
fibroblast growth factor (bFGF), and insulin-like growth 
factor (IGF-1).13,59 

Blood flow restriction (BFR) exercise has been described 
as a training method which partially restricts arterial inflow 
and fully restricts venous outflow in the working muscula-
ture during exercise.34 It exerts physiologic effects under 
low loads that would normally occur under heavier loads 
but cannot be performed due to injury, healing or surgery. 
This has been shown to produce improved strength and 
muscle hypertrophy changes in a more expedient manner 
than with traditional high-load strength training.60,61 It 
additionally improves a variety of measures correlated with 
improvements in strength and the positive effects of exer-
cise.35,62,63 It has been suggested that BFR exercise results 
in increased mobilization of hematopoietic stem progen-
itor cells, proliferation of myogenic stem cells, increased 
cytokine responses, increases in the number of circulating 
CD34+/KDR+ endothelial progenitor cells, and increased 
VEGF.32,33,35,54–56 Thus, in this case report, BFR was used 
during exercise to “amplify” the yield / healing capacity 
of PRP by utilization pre-exsanguination and during reha-
bilitation, respectively. A recent study suggested that BFR 
can be considered a way to manipulate point-of-care blood 
products such as PRP to increase product yield.16 To date, 
no prior studies have used BFR as an adjunct to orthobio-
logic therapy or as a part of the regenerative rehabilitation 
process. 

Dry needling with electrical stimulation was incorpo-
rated after exercise to continue to facilitate the healing 
process after orthobiologic injection. Dry needling is de-
scribed as an intervention whereby thin, monofilament 
needles are used to penetrate the skin and stimulate un-
derlying neural, muscular and/or connective tissues for the 
management of pain and disability associated with neuro-
musculoskeletal conditions.64 Dry needling with electrical 
stimulation has been found to aid with improved analge-
sia in many painful conditions, including subacromial pain 
syndrome, and has been shown to aid with wound and tis-
sue healing in experimentally induced trauma.37,38,65–69 

To further attempt to augment the healing process, the 
subject was required to take 15 grams of hydrolyzed col-
lagen with 225 mg of vitamin C one hour prior to reha-
bilitation exercise. This was consistent with prior research 

supporting collagen synthesis and tendon healing.39,40 Al-
though Baar39 described the successful rehabilitation of 
patellar tendinopathy, it appears that tendons and the 
shoulder labrum both contain a similar collagen matrix,70 

and may result in similar changes when supplementing 
the effects of the regenerative rehabilitation proto-
col.39,40,57,71,72 Further research is needed in this area. 

Following, the first phase of the orthobiologic/rehabili-
tation process, prolotherapy was directed at the ACJ to re-
duce laxity and address remaining pain in the shoulder. In-
terestingly, there were greater reductions in disability after 
the prolotherapy injections (16% to 0%) than the PRP in-
jections (18% to 16%). Similarly, activity related pain (pain 
at worst) followed a similar trend after the PRP (8/10 to 
5/10) and prolotherapy (5/10 to 0/10). Clinically and 
pathoanatomically there may be several plausible theories 
behind these changes. First, with multiple areas of tissue 
injury, it is very difficult a patient or the clinician to de-
cipher individual components of injury and related pain/
disability. Second, the reduction in the initial higher pain 
thresholds after the PRP/rehabilitation may have been re-
lated to the selected tissue healing and initial return to 
function. However, the laxity and remaining pain in the 
ACJ tissues during the provocative exam may have been the 
key pathoanatomical component associated with the stag-
nant disability. From an orthobiologic/regenerative medi-
cine perspective, addressing the correct tissue based on its 
healing time frame, surrounding structural integrity, and 
results of imaging and physical examination seems to be of 
paramount importance. 

Finally, it should be noted that because this is a case re-
port, the results or theoretical constructs do not indicate a 
cause-and-effect relationship. Results such as those experi-
enced by this subject may not be seen in all subjects. Addi-
tionally, a six-month follow-up with diagnostic ultrasound 
and or MRI would have been ideal to correlate with spe-
cific tissue healing. Further investigation comparing out-
comes after conservative versus typical surgical manage-
ment is needed. Additionally, future studies/trials need to 
consider standardizing blood-based orthobiologic prepara-
tion and specific regenerative rehabilitation protocols to 
better determine the effect of these novel techniques. 

CONCLUSION 

This case report demonstrates the successful outcome of a 
competitive female athlete with a complex shoulder injury 
who failed prior conservative rehabilitation. Detailed imag-
ing and evaluation procedures indicated tissue pathology at 
multiple joint sites. Tissue specific orthobiologic interven-
tions with novel preparation, in conjunction with a com-
prehensive regenerative rehabilitation protocol, resulted in 
a full return sport without restrictions at the three-month 
follow-up. At the one-year follow-up, MRI and diagnostic 
ultrasound imaging confirmed notable tissue healing in all 
original injury sites. 
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Background  
Injury rates across sport have risen over the past twenty years, despite increased efforts 
in training and injury prevention. The rise in injury rates suggest that current approaches 
to estimating injury risk and risk management are not effective. One factor limiting 
progress is the inconsistency in screening, risk assessment, and risk management 
strategies to guide injury mitigation approaches. 

Clinical Question   
How can sports physical therapists identify and apply lessons learned from other 
healthcare fields to improve athlete injury risk and risk management strategies? 

Key Results   
Breast cancer mortality has consistently decreased over the last 30 years, largely 
attributed to advances in personalizing the prevention and treatment strategies which 
include modifiable and non-modifiable factors when assessing risk, the transition to 
personalized medicine, and the systematic approach used to investigate individual risk 
factors. Three critical phases have facilitated the identification and importance of 
individual risk factors and developing targeted, personalized strategies for breast cancer 
risk including: 1) Establishing the potential relationship between factors and outcomes; 
2) Prospectively investigate the strength and direction of the relationship; 3) 
Investigating if intervening on identified factors alters prognosis. 

Clinical Application   
Applying lessons learned from other healthcare fields could improve shared decision 
making between the clinician and athlete concerning risk assessment and management. 
Examples include calculating only non-modifiable risk, creating individualized screening 
schedules based on risk assessment, or calculating the influence of each intervention on 
the athlete’s injury risk. A systematic approach to identify and intervene on risk is 
needed to improve athlete outcomes. 
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INTRODUCTION 

The World Health Organization Physical Activity Action 
Plan identifies that sport is an underutilized, yet important, 
physical activity contributor.1 However, sport participation 
has inherent injury risk,2,3 with 30% of all emergency de-
partment visits due to sport injury.4 Injury rates continue 
to rise, with a 35% increase in female soccer anterior cru-
ciate ligament tears over 25 years.3 The rise in injury rates 
suggest that current approaches to estimating injury risk 
and risk management are not effective.5 One factor limiting 
progress is the inconsistency in screening, risk assessment, 
and risk management strategies to guide injury mitigation 
approaches. For example, individual potential risk factors 
are often times preemptively deemed important in all sport 
sub populations, when in reality, additional larger and re-
peated studies are needed to understand the generalizabil-
ity of a specific risk factor.5 This spuriously concludes a 
‘catch all’ risk factor at all competition levels, when this 
specific risk factor may only be influential in a sub-popula-
tion, or worse, demonstrate no actual risk due to influence 
from another confounding variable, providing biased injury 
risk results.5,6 

In order to improve our understanding of injury risk, and 
move towards effective injury mitigation in sport physical 
therapists and clinical researchers must apply lessons from 
other healthcare professions. One medical disease that has 
steadily demonstrated improved patient outcomes is breast 
cancer.7–9 The inclusion of both modifiable and non-mod-
ifiable factors when assessing risk,10,11 the transition to 
personalized medicine,10,12,13 and the systematic approach 
used to investigate individual risk factors14 have created a 
system that can be replicated in other fields of medicine. 
Therefore, the purpose of this commentary is to describe 
breast cancer risk research and risk management strategies 
and how these strategies can be implemented in sport, us-
ing baseball as a practical example, to improve athlete out-
comes. 

CURRENT STATE OF BASEBALL INJURY BURDEN 
AND RESEARCH 

One sport that is highly researched for injury risk is base-
ball.15–18 A 2019 scoping review reported that 678 studies 
focused on baseball research.19 Baseball is played through-
out the world, with 160 countries associated with the World 
Baseball and Softball Federation.20 Over 16 million people 
participate in baseball within the United States alone, with 
professional leagues throughout Australasia, Latin Amer-
ica, and North America.20,21 Baseball is considered a rela-
tively safe sport but injury rates have more than doubled 
over the last two decades.15,17,22,23 Injury incidence ranges 
from 0.8 to 4.0 injuries per 1,000 athlete exposures.24–31 

with the greatest incidence attributed to the shoulder,15,23 

elbow,17,23,32 and trunk,23 with throwing overuse injuries 
being the most common.25,33 The number of injuries is 
greater compared to other throwing sports.28,29,31 Baseball 
players have a greater risk of injury (1.7 times greater odds) 
compared to softball players, and pitchers with a 4.57 

greater odds compared to position players.29 Injury burden 
is high, with time loss, replacement, and health care costs 
continuing to rise at all baseball levels.34 The escalation in 
frequency,2,3,7,21,23,33–35 severity,28,29,36 and cost34 of in-
juries in baseball suggests that the approaches to under-
standing and preventing baseball injuries are not effective. 
The available empirical evidence has identified only a 

fraction of the complex interactions of risk factors in base-
ball.19,37 A primary limitation of current baseball research 
is that there are no prospective studies examining multiple 
intrinsic and extrinsic risk factors to inform injury preven-
tion programs. Previous studies do not control for non-
modifiable confounders that can act as effect modifiers 
changing the impact of the study variables on the ultimate 
outcome .15,35,38,39 Further, the focus of previous research 
has often been on one specific physical factor in isola-
tion,15–18 without attempting to control for or understand 
its relation to other modifiable and non-modifiable con-
founders. Therefore, the complex interaction of multiple 
risk factors and injury mechanisms are unclear and inhibit 
clinical examination, prevention strategies, and clinical de-
cision making. 

IMPROVEMENT IN BREAST CANCER OUTCOMES, 
PERSONALIZED RISK ASSESSMENT, AND 
MANAGEMENT 

Breast cancer mortality has consistently decreased over the 
last 30 years,7,8 largely attributed to advances in person-
alizing the prevention and treatment strategies which in-
clude modifiable and non-modifiable factors when assess-
ing risk,10,11,40 the transition to personalized 
medicine,10,12,13 and the systematic approach used to in-
vestigate individual risk factors (Figure 1).14 These key 
steps have seen decreased breast cancer mortality rates by 
6.9% from 2002 to 2006 alone, with an average of a 2% 
decrease per year in Europe.41 Within the United States, 
breast cancer mortality has decreased by 38% from 
1990-2003.9 These reductions in mortality trends have 
been observed across all age groups,9,41 and particularly in 
younger women.9 

Besides advances in surgical42 and chemotherapy treat-
ments,43 the improvements in breast cancer survival have 
been attributed to innovations in breast cancer screening, 
risk assessment, and risk management.10,12,13 Risk assess-
ment is defined as a, “systematic approach to character-
izing adverse exposures.”44,45 While risk management is 
defined as selecting strategies to reduce risk of the out-
come.44 In order to improve attributable risk identification 
and management, the United States Preventive Services 
Task Force in 2009 changed their breast cancer mammogra-
phy screening guidelines, stating, “screening should be an 
individual one and take into account patient context, in-
cluding the patient’s values regarding specific benefits and 
harms (pg. 294).”46 These alterations were implemented 
due to specific changes in understanding of breast cancer 
risk, particularly in the advent of personalized medicine. 
Personalized medicine is defined as when medical treat-

ment is customized for an individual patient.47 Within 
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Figure 1. Three Steps to Assess and Intervene on Outcome Risk Using a Disease and a Musculoskeletal Example                 

breast cancer, personalized medicine has been imple-
mented due to the understanding and inclusion of both 
modifiable and non-modifiable risk factors when assessing 
outcome risk. For example, the advent of genetic research, 
specifically investigations of the BRCA1 & BRCA2 genes 
and single nucleotide polymorphisms (SNPS),12,13 and their 
relationships to breast cancer have created a better under-
standing of non-modifiable risk.10,11 The inclusion of non-
modifiable risk factors helps guide shared decision making 
between the clinician and patient on screening strategies 
and potential primary and secondary risk management ap-
proaches for modifiable factors.10 For example, if the 
10-year breast cancer risk is higher for a specific 40-year-
old, compared to the average 50-year-old, it may be advan-
tageous to begin mammogram breast cancer screening 10 
years prior to the nationally recommended screening age.10 

The understanding of non-modifiable risk may also inform 
how intervening on modifiable risk factors will change 
breast cancer risk. Modifiable breast cancer risk factors in-
clude changes in weight after the individual reaches 18 
years old to present age, physical activity habits, nutrition, 
and alcohol consumption.11,48 A clinician can calculate if 
intervening on these modifiable risk factors (through ed-
ucational, lifestyle, and medical interventions), changes a 
particular patient’s breast cancer risk. This information 
helps apprise the clinician on the cost benefit of different 
screening measures (such as MRI versus traditional mam-
mogram), the potential intensity and adherence needed to 
focus on modifiable risk factor interventions, and potential 
educational counselling on false positive tests (in case in-
creased screening is required) to create a more individual-
ized tailored medical approach.10,48 

APPLICATION IN SPORT, USING BASEBALL AS 
THE EXAMPLE 

So far, we have briefly highlighted screening, risk assess-
ment, and management strategies in breast cancer. The 
question of how this applies to sport, which does not deal 
with life and death, but at worst, career ending injuries 
needs to be answered? Currently, baseball injury risk and 
risk management does not account for non-modifiable risk 
factors, and assumes equal risk between all populations and 
subgroups. Within breast cancer, a systematic approach has 
been proposed to investigate potential risk factors and in-
corporate these risk factors into one comprehensive risk as-
sessment.14 This systematic approach can be used as a tem-
plate for improving baseball outcomes and more generally 
in sport. 
Three critical phases have facilitated the identification 

and importance of individual risk factors and developing 
targeted, personalized strategies for breast cancer risk.14 

First, level one studies establish the potential relation-
ship(s) between factors and outcomes of interest, which 
generates future, testable hypotheses. These studies iden-
tify statistical relationships between a potential risk factor 
and the outcome, without controlling for confounders. 
Baseball research remains at this level. Level two studies 
prospectively investigate the strength and direction of the 
relationship between the risk factor and outcome, while 
controlling for confounding. These studies can also inves-
tigate potential sub group relationship differences between 
the risk factor and outcome. Within baseball, this is the 
next logical step in risk factor research and can be easily 
implemented through replicating past study designs and 
cohorts, while controlling for confounders. Level three 
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Figure 2. Three Phases to Defining a Risk Factor        

studies can entail prediction model development and val-
idation studies seeking to understand if intervening on a 
factor alters prognosis.14 Within baseball, randomized con-
trol trials on modifiable risk factors and the development 
and validation of prediction models is warranted to better 
calculate injury risk and improve risk management. 
To use a hypothetical example for context, a clinician 

scientist wants to understand if shoulder range of motion 
is a risk factor for arm injuries in baseball pitchers. To 
initially investigate this issue, this clinician scientist per-
formed a level one retrospective cohort study, in which 
shoulder range of motion was compared between injured 
and non-injured baseball pitchers. The clinician scientist 
could perform an analysis of variance (ANOVA) or a logistic 
regression to ascertain if there are differences in shoulder 
range of motion between injured and non-injured baseball 
players. In this hypothetical example, a 20º difference in to-
tal shoulder rotation (external plus internal shoulder rota-
tion) was observed between injured and non-injured pitch-
ers, which is beyond the standard error of measure and 
minimum clinically importance difference.49 From these 
findings, the clinician scientist surmises that shoulder 
range of motion might be an injury risk factor in baseball 
pitchers. However, the clinician scientist knows there are 
specific biases that need to be controlled for in order to help 
understand if this is truly a risk factor 
Following the level one study results, the researcher de-

cided to perform a level two prospective study on shoulder 
range of motion. Shoulder range of motion was measured 
in spring training, along with potential confounders, in-
cluding hand dominance, body mass index,50 injury his-
tory,51 shoulder strength,52 lower extremity range of mo-
tion,53 balance,32,35 and pitch velocity.54 Each pitcher was 
followed for the entire season with injuries and total athlete 

exposures (in the form of pitching appearances and number 
of pitches) collected. The clinician scientist then performs 
a Cox survival analysis or a relative risk regression to com-
pare injured versus non-injured pitchers. The clinician sci-
entist also performs sub group analyses for left and right 
handers, as these sub populations have demonstrated dif-
ferent clinical phenotypes, including demonstrating differ-
ent height,55 mass,50 humeral torsion,56,57 and pitch ve-
locity.58 The clinician scientist observed that there is still 
a difference in total shoulder rotation between injured and 
non-injured pitchers, which after controlling for all con-
founders, is 12º. Further when analyzing left and right han-
ders separately, left handers demonstrated a 9º difference 
and right handers demonstrated a 15º difference. These dif-
ferences between left and right handers were beyond the 
standard error of measure and thus suggests there may 
be clinical differences in shoulder rotation injury risk be-
tween hand dominance. The clinician scientist hypothe-
sizes that shoulder range of motion can be used to help 
ascertain injury risk and should be intervened upon. How-
ever, before interventions can be recommended, these risk 
factor needs to be assessed for efficacy in relation to mod-
ifiable and non-modifiable risk factors, and if there is a 
causal relationship between shoulder range of motion and 
injury. Examples of a non-modifiable risk factors include 
age, humeral torsion,56,57 and previous arm surgical his-
tory. 
To answer these level three questions, the clinician sci-

entist performs a multiyear prospective study, including 
both modifiable and non-modifiable risk factors, to develop 
a prediction model. The developed prediction model 
demonstrated good prediction performance following best 
practice guidelines and improved with the inclusion of 
shoulder range of motion as a predictor.59 The clinician sci-
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entist then performs a clustered randomized control trial 
performing manual therapy to the shoulder in the treat-
ment arm and standard care (not including manual therapy) 
performed in the control arm for an entire season. The re-
search determines that there is a 30% reduction in arm in-
juries in the treatment arm compared to the control arm. 
When assessing the intervention effectiveness in left and 
right handers, it is observed that left handers demonstrated 
a 20% reduction in injury rates and right handers a 40% 
reduction in injury rates. The clinician scientist concludes 
that intervening on this modifiable risk factor, using the 
prediction model to identify pitchers at risk for injury, can 
help decrease arm injury risk in pitchers. Further, modify-
ing shoulder range of motion has different injury risk man-
agement effectiveness (20% difference) between left and 
right handers. 

HOW CURRENT INJURY RISK AND 
MANAGEMENT IS EMPLOYED IN SPORT AND IS 
SUBOPTIMAL 

The proposed approach is not reflected in the current state 
and progression and sport injury risk screening, assessment 
and intervention strategies. To use a baseball clinical ex-
ample, current best evidence-based practice suggests that 
baseball pitchers are at a higher risk for injury when a 
pitcher’s dominant (throwing) shoulder total range of mo-
tion is 10º less than the non-dominant (non-throwing) 
shoulder.17,60 Current clinical decisions would recommend 
that this at-risk pitcher would receive specific shoulder 
range of motion interventions (such as stretching and man-
ual therapy), until the pitcher’s dominant shoulder total 
range of motion was below 10º different than their non-
dominant shoulder.61 The current best practice recommen-
dation implies that this will effectively mitigate this partic-
ular pitcher’s injury risk through this specific intervention. 
A current limitation with this approach includes assuming 
that all populations and subgroups demonstrate a similar 
risk relationship between the proposed risk factor and in-
jury. Further, it is ambiguous if this particular injury risk 
would be managed through this intervention, due to lack of 
specific understanding as to how this particular risk factor 
relates to other modifiable and nonmodifiable risk factors 
and if there is a causal relationship between shoulder range 
of motion deficits and arm injuries in baseball pitchers. 
The sports medicine and research community could gain 

insight from the lessons learned and implemented in breast 
cancer. These experiences could help improve a particular 
pitcher’s current injury risk assessment and allow for per-
sonalized interventions. Improved injury risk assessment 
would be ascertained by accounting for non-modifiable risk 

factors such as the pitcher’s injury history,51 previous 
pitching exposure,62 pitching mechanics,37 and osseous 
adaptation.63 Understanding how these non-modifiable 
risk factors interplay with the modifiable shoulder range of 
motion risk factor,17,60 along with other modifiable risk fac-
tors such as shoulder strength52 and balance,32,35 could be 
enhanced though controlling for confounders in prospec-
tive injury risk studies from previous level one studies. De-
velopment of an injury prediction model would be a logical 
progression within the tiered level three study paradigm. 
This information could then be used in shared decision 
making between the clinician and athlete concerning risk 
management. Specifically, calculating current injury risk 
could determine if individualized screening schedules 
throughout the season are warranted, beyond the tradi-
tional preseason screening. One could also calculate only 
non-modifiable injury risk, which would illuminate how in-
tervening on all modifiable risk factors would potentially 
impact risk mitigation strategies. Another option would be 
to calculate the influence of each intervention on the ath-
lete’s injury risk, providing a better plan for creating a per-
sonalized approach to their risk management. 
These are only a few of the potential next steps that 

could improve sport injury research and inform clinical 
practice across body regions, specific injuries, and athlete 
groups. It should be noted that current practice suggests 
taking detailed patient histories should be followed by per-
forming a thorough and comprehensive physical exam. 
However, each of these pieces are not amalgamated into 
one comprehensive injury risk assessment nor risk manage-
ment strategies (such as understanding casual factors or a 
comprehensive prediction model), and considered in isola-
tion from a risk assessment and management perspective. 
Learning and implementing lessons from medical research 
and services for diseases such as breast cancer, would only 
improve patient care in the sports medicine setting. 

CONCLUSION 

Current research, athlete screening, risk assessment, and 
risk management are ineffective in sport, demonstrated by 
the continued rise in injury rates and severity over the 
last twenty years.15,17,22,23 As demonstrated through breast 
cancer screening strategies,10,11,48 an improved under-
standing of risk is not ascertained without the inclusion 
of both modifiable and non-modifiable risk factors. Until 
the sport community applies the lessons learned from other 
health care professions, sport injury outcomes will be sub-
optimal, continuing to provide a disservice to athletes. 
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Symptom modification techniques have been recently dichotomously labeled as either 
passive or active therapies. Active therapy such as exercise has been rightfully advocated 
for while “passive” therapies, mainly manual therapy have been regarded as low value 
within the physical therapy treatment spectrum. In sporting environments where 
physical activity and exercise are inherent to the athletic experience, the utilization of 
exercise-only strategies to manage pain and injury can be challenging when considering 
the demands and qualities of a sporting career which include chronically high internal 
and external workloads. Participation may be impacted by pain and its influence on 
related factors such as training and competition performance, career length, financial 
earning potential, educational opportunity, social pressures, influence of family, friends, 
and other key stakeholders of their athletic activity. Though highly polarizing viewpoints 
regarding different therapies create black and white “sides,” a pragmatic gray area 
regarding manual therapy exists in which proper clinical reasoning can serve to improve 
athlete pain and injury management. This gray area includes both historic positive 
reported short-term outcomes and negative historical biomechanical underpinnings that 
have created unfounded dogma and inappropriate overutilization. Applying symptom 
modification strategies to safely allow the continuation of sport and exercise requires 
critical thinking utilizing not only the evidence-base, but also the multi-factorial nature 
of sports participation and pain management. Given the risks associated with 
pharmacological pain management, the cost of passive modalities like biophysical agents 
(electrical stimulation, photobiomodulation, ultrasound, etc), and the indications from 
the evidence-base when combined with active therapies, manual therapy can be a safe 
and effective treatment strategy to keep athletes active. 

Level of Evidence    
5 

INTRODUCTION 

Physical therapy is at the forefront of promoting move-
ment, maximizing health care, and minimizing the medical 
burden placed on society. It has been identified as a cost-
effective means to reduce the medical burden on individu-
als and society, especially when access to physical therapy 
is provided early in the course of care.1–3 In particular, 
sports physical therapy and rehabilitation is crucial to lim-
iting the burden of injuries and pain on athletes.4–6 Despite 
the focus on active movement-based strategies, restoration 

of prior activities and overall clinical outcomes is often 
limited by pain and related deficits such as motor inhibi-
tion, altered movement patterns, and activity impairments 
within sport (i.e inability to perform tasks such as running, 
jumping etc). 
Pain and our society’s understanding of pain have led 

to growing medicalization of numerous conditions such as 
non-specific low back pain, various tendinopathies, and an 
array of arthropathies. Additionally, conditions such as 
non-specific low back pain are driving factors towards the 
management of pain over the prioritization of function and 
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movement. Often the front line to managing pain in ortho-
pedic and sports medicine conditions is one of pharmaco-
logical nature, including non-steroidal anti-inflammatory 
drugs (NSAIDs) and opioids, despite numerous documented 
adverse reactions (gastrointestinal, renal, delayed bony and 
soft tissue healing, addiction, etc).7,8 Pain is not necessarily 
indicative of tissue injury, and in sporting environments, it 
is important to differentiate injury, the impact of pain on 
the perceived safety of sporting participation, and related 
pain management.9 The demands of training and compe-
tition on athletes and the associated biopsychosocial re-
sponses can elicit varying pain responses.10 For the sports 
medicine professional, safe, low cost symptom modifying 
tools may have a place in reducing medicalization and un-
necessary imaging, pharmacological use, and overall med-
ical utilization while increasing patient autonomy. 

POSITIVE UTILIZATION OF PHYSICAL AND 
MANUAL THERAPY 

Orthopedic manual physical therapy is a specialty area of 
practice that is based on manual examination and a myriad 
of treatment techniques applied through clinical reasoning. 
These techniques include integrating exercise, patient ed-
ucation, and other physical therapy modalities to address 
pain, loss of function, and wellness.11 It is important to 
note that the definition and application of manual therapy 
practice is evolving and requires consistency to improve its 
usefulness in patient care.12 Current definitions and uti-
lization of manual therapy are not passive, and labeling as 
such discredits its application.13 While the overall strength 
of evidence supporting manual therapy is limited,14 Level 1 
and 2 randomized controlled trials have offered indications 
for utilization to improve short-term outcomes.15 Manual 
therapy has been identified as a cost-effective and low risk 
means to assist in the management of pain and modify 
symptoms to promote movement.2,14,16 Further, early 
manual therapy was also associated with a lower likelihood 
of receiving magnetic resonance imaging (MRI),17 pain 
management injections, and opioids, as compared with late 
manual therapy.18 When applied appropriately, there is the 
potential to reduce overmedicalization of orthopedic con-
ditions often seen in athletics.15,19 

A combination of the scientific process and modern 
methods of information distribution such as social media, 
have identified the value and importance of exercise not 
just within the physical therapy profession, but in health 
care as a whole.20,21 While “active” exercise therapies such 
as heavy-slow resistance and sprint training hold a primary 
function in the management of athletes, exercise may not 
always provide the desired analgesic and therapeutic effect 
when the athlete is already in pain, be it either acute or 
chronic.22 Further, in those with chronic pain, exercise in-
duced hypoalgesia is reduced,23 potentially limiting its ef-
fectiveness. Thus, persistent pain with various therapeutic 
exercise or sporting exercise that does not achieve hypoal-
gesia for an athlete may facilitate chronic pain habits, on-
going medicalization, and likely requires intervention 
strategies beyond just “active” exercise therapies. Often, 

athletes are already hitting a prescribed level of exercise 
load, resulting in an era of load management and that fo-
cuses on a sweet spot of comprehensive exercise load. Pain 
itself is often a barrier to the numerous benefits of exercises 
and additional strategies and interventions may be needed 
to maximize the benefits of exercise and enhance sport 
participation.24 Thus, there is a place in clinical practice 
for symptom management and addressing pain with man-
ual therapy while maintaining adequate sporting qualities 
through training. 
When appropriately applied in an athletic setting, man-

ual therapy may elicit short-term effects that enable a more 
enjoyable, manageable and sustained exercise experi-
ence.10,25 Reductions in pain, increased perceptual recov-
ery and reducing athlete injury anxiety may lead to reduced 
injury risk and improved confidence in performance.26 In 
doing so, physical therapists are maximizing their practice 
by assisting in long-term, comprehensive musculoskeletal 
management and can facilitate physical activity longevity 
and favorable health care outcomes beyond an athlete’s 
playing career.3,10,27,28 

LIMITATIONS AND PITFALLS OF MANUAL 
THERAPY 

Physical therapy and manual therapy is not without risk.29 

As with all health interventions, providers must weigh the 
risk against potential benefits of various treatments avail-
able to the patient and clinician. The risk of major adverse 
events in manual therapy is very low, including manipula-
tion to the cervical spine, and has been shown to be lower 
than the risk of taking various medications and similar to 
that of exercise and control/passive/sham interventions.30 

Furthermore, even with a significant body of research sur-
rounding manual therapy, papers generally provide mini-
mal detail regarding volume, intensity and descriptions of 
techniques. In general research has indicated limited value 
to manual therapy because of the common issues of small 
effect sizes and absence of documented long-term positive 
effects on outcomes.12 

A significant and frequent danger when providing man-
ual therapy is the utilization of nociceptive language.31–33 

Language that is dated, focusing on inaccurate 
pathoanatomic nature in examination34 and injury mecha-
nism,35 specificity of technique,36 and unreasonable expec-
tations of outcomes related to techniques37 are common 
pitfalls. An overreliance on unsupported biomechanical 
mechanisms of manual therapy within clinical reasoning 
and patient education have consistently contributed to pit-
falls related to the intervention. This includes outdated 
manual therapy concepts such as “functional leg length 
discrepancies,” “sacral torsions” and labeling patients as 
having joints “out of place/alignment”. Other common un-
supported labels include “adhesions” “trigger points” and 
“subluxations” amongst many others. These concepts have 
been consistently shown to be unreliable in examination 
and theory, and can create unnecessary fears, 
pathoanatomical anxiety, and fear avoidance patterns fol-
lowing examination and treatment.32 
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Figure 1. Multi-factorial neurophysiologic mechanisms of manual therapy (modified from Bialosky et al)          35  

These problems have the potential to drive dependency 
on manual therapy and ultimately limit patient indepen-
dence and function.20,21 This overmedicalization of manual 
therapy has led to its perception as a low-value health care 
option, particularly in the context of long-term outcomes. 
In sports physical therapy, this can lead to negative feelings 
and emotions prior to competition and potentially hamper 
performance capabilities. Creating anxiety in athletes is a 
known risk factor for future injury38 and a therapist must 
ensure that modern and informed language match their in-
terventions. Further, delaying safe and efficacious physi-
cal training and exercise therapy while waiting to resolve 
these perceived impairments often leads to deconditioning 
of athletes and inadequate sporting load. 

THERAPIST UNDERSTANDING AND STRATEGY 
WITH MANUAL THERAPY 

Therapists must understand the current concepts of me-
chanical input and associated neurophysiologic effects of 
manual therapy. When a therapist provides a manual in-
tervention, a mechanical stimulus is applied upon an ath-
lete and produces input into the dorsal horn of the spinal 
cord. This initiating a multi-factorial cascade of neurophys-
iologic effects stemming from the nervous system. Both the 
peripheral and central nervous system provide signal path-
ways that induce responses throughout the body. These in-
clude neuromuscular (i.e muscle activity), autonomic (i.e 
heart rate, cortisol), endocrine (opioid) pain modulatory, 
and non-specific (context, beliefs fear, expectations, etc) 
responses (Figure 1).16,35,39,40 

With multiple body systems responding to the thera-
pist’s treatment strategy, manual therapy requires patient 

education pre-, during and post- intervention. Patient ed-
ucation regarding manual therapy techniques needs to in-
clude honest discussion of its benefits and limitations. De-
spite the previously discussed limitations and pitfalls, 
providers can highlight the importance of understanding of 
and leveraging of the positive short-term outcomes (inter- 
and intra-session and between session) for long term im-
provement in outcomes41,42 With the patient and therapist 
properly informed and aligned as well as honest expecta-
tions discussed, manual therapy can then be reasonably ap-
plied.43 

PRESCRIPTION, DOSAGE, AND PROGRESSION 

The prescription, dosage and progression are a crucial com-
ponent of manual therapy intervention but are extremely 
challenging to define. To improve internal validity and stay 
true to the medical model of research, a prescriptive appli-
cation of manual therapy within randomized controlled tri-
als has been trialed to varying degrees of success and ap-
plication.44–47 This has been challenged12,48–50 due to the 
pragmatic nature of clinical practice, and is a likely con-
tributor to inconsistent manual therapy findings and small 
effect sizes found in the literature. For physical therapists 
imbedded in a team setting, reimbursement considerations 
(i.e number of visits and services billable to insurance) may 
not be a restriction to provide care. In these instances, dili-
gence must be provided to ensure to not overprescribe ther-
apeutic intervention (exercise or manual therapies). Con-
versely, the increased frequency of athlete visits combined 
with their daily internal and external workload demands 
and the absence of pressure of reimbursement furthers the 
short-term efficacy of manual therapy utilization. 
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Figure 2. Applied clinical reasoning feedback loop for manual-therapy (Modified from Rhon)         13  

When practicing in an athletic training room or sports 
physical therapy clinic, the time-cost benefit of a technique 
must also be considered. The clinician’s clinical reasoning 
and ongoing evaluation of patient response is essential in 
appropriate and effective dosage of manual therapy. A clin-
icians preference and confidence with a specific interven-
tion or technique has been shown to impact outcomes,35,41 

which may be important when considering that multiple 
variations of manual techniques and interventions can re-
sult in similar outcomes.12,41,51 If an athlete is a responder 
to manual therapy, the dosage of should be based on 
achieving a clinically meaningful improvement to focally 
addressed symptoms (i.e 7/10 knee pain) and be related 
to a functional chief complaint (sport impairment i.e im-
paired jumping performance). Changes to the type, time, 
frequency, intensity, and volume of manual related to ath-
lete improvement demonstrates the pragmatic nature of 
application.48–50 

Consistent re-evaluation of functional movements and 
athlete limitations (i.e running, jumping, cutting, etc) 
should be performed within session to assess the short-
term effectiveness of applied manual therapy techniques. 
This may also allow the therapist to identify if different 
techniques may need to be applied or if the individual is not 
responding to the specific intervention (Figure 2).41,51,52 

To improve athlete autonomy and independence, long-
term application of manual therapy should be appropriately 
titrated so as not to foster dependence on any one provider 
or manual therapy technique.13,53 A transition to symp-
tom-modifying mobility exercises that mimic or reinforce 
previously applied manual therapy interventions may re-
place the therapist as symptoms are reduced and function 
is restored. Ultimately this accomplishes the goal of creat-
ing athlete independence and transitioning to techniques 

that focus on active exercise variations.13 This progression 
is necessary for the athlete in order to promote long-term 
autonomy in their musculoskeletal management, physical 
attribute development and overall performance enhance-
ment. 

PRACTICAL IMPLICATIONS IN SPORT 

There is an inherent time-cost benefit to all intervention 
forms available to physical therapists which makes inter-
vention selection quite important. When providing athlete 
care, the provider must consider the demands placed on 
the athlete, both within and outside the sporting realm. 
When comparing outcomes against other “passive” ther-
apies within the physical therapy evidence-base, manual 
therapy consistently is identified as more efficacious when 
compared to other interventions (electrophysiologic 
agents, taping, etc) outside of education and exercise. Re-
cently a comparison of the effects of manual therapy has 
been likened to that of biophysical agents and other tra-
ditional modalities.54 As athletes seek to manage pain and 
continue competing and training, it is not a question of if 
the athlete will receive “passive” therapies, rather it is a 
question of which “passive” therapy will provide the most 
effective and efficient results within their comprehensive 
care model that includes ample exercise activity via the 
sport and its associated training. 
While a full comparative review is beyond the scope of 

this commentary, the practicing sports clinician must con-
sider how to compare and weight the cost-benefit of the nu-
merous and easily applied manual therapy techniques with 
other pain and symptom modification modalities that are 
available. Manual therapy may have a challenged evidence 
base, varying non-specific mechanisms of action, and vari-
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ance in application, but clinicians must acknowledge that 
not all symptom modification techniques are equal when 
comparing against other forms of intervention within phys-
ical therapy practice.15,19,44,55,56 In fact, the field of man-
ual therapy likely acknowledges these deficiencies more 
than the those who use theory-based, non-outcome in-
formed application of modalities such as electrical stim-
ulation, ultrasound, and lasers. Practically speaking, the 
cost of machinery and technology and time required for 
utilization is often not worth the minimal potential bene-
fits, which has led to changes in ethics statements, phys-
ical therapy education, reimbursement and overall trends 
of use.57–60 Meanwhile, manual therapy, which is an entry-
level skill, may provide a cost-effective, mobile, and effica-
cious intervention that is consistently supported by clinical 
practice guidelines15,19,56,61,62 which provide related inter-
vention comparisons and recommendations. 
A multi-factorial, multi-disciplinary approach is neces-

sary to improve outcomes within sports medicine settings. 
Within that construct, the benefits of manual therapy 
which includes building therapeutic alliance via touch, im-
proving function via safe, cost-effective short-term pain 
modulation and facilitating education and exercise to be 
more impactful when they are limited less by pain and anx-
iety. 

MANAGEMENT EXAMPLES 

The following are examples of how clinically-reasoned 
manual therapy within a multi-modal musculoskeletal care 
model facilitates conservative management in an athletic 
setting: 

CASE #1 

Acute Lateral Ankle Sprain 

CLINICAL VIGNETTE 

The athlete reports to physical therapy 72 hours following 
an acute ankle inversion and resultant lateral ligament 
sprain. The Ottawa Ankle Rules are negative and the ath-
lete desires to return to play within two days. Visual ex-
amination reveals moderate swelling and ecchymosis of the 
ankle region. The objective examination reveals limited an-
kle dorsiflexion in supine and weightbearing, the ability to 
resist manual strength assessment in all-planes, impaired 
balance during performance of a single leg squat test and 
antalgic pattern with running gait. The patient notes that 
their confidence in running is limited by pain that is 7/10 
on the Numeric Pain Rating Scale. 

INTERVENTION 

The athlete reports applying ice and compression therapy 
independently. The therapist elects to provide anterior to 
posterior graded mobilization to the talus on the tibiofibu-
lar joint. Ankle dorsiflexion range of motion is improved in 
supine but not in weightbearing. The therapist then per-
forms an ankle dorsiflexion mobilization with movement 

technique until near symmetry is restored in a weightbear-
ing ankle dorsiflexion test. A single leg squat test is again 
performed to compare pain and movement quality, both of 
which are improved. Following this improvement, running 
is attempted, with a noted decrease in the NPRS to 4/10. 
Local eccentric inversion and plantar flexion strengthen-
ing, single leg balance and lower compound lower extrem-
ity strengthening exercise were prescribed following this 
bout of manual therapy. The athlete is educated on contin-
uing their compression and ice therapy independently. Ed-
ucation is provided on the natural history of ankle sprains, 
the encouragement of early weightbearing and returning 
to sport when able to meet the Pain, Ankle impairments, 
Athlete perception, Sensorimotor control, Sport functional 
performance (PAASS) criteria.19,63 

The athlete follows up with the physical therapist prior 
to competition. Manual therapy is provided again, with the 
prior two techniques performed prior to assessment of the 
PAASS constructs with further reduction in pain on all as-
sessment. Due to lingering ankle dorsiflexion limitations 
during single leg squat and 3/10 pain with activity, the ther-
apist decides to utilize a talocrural and rearfoot distraction 
manipulation.45 The athlete is able to pass PAASS criteria 
and is provided a semi-rigid brace to compete in. 
On future visits, the therapist provides a home exercise 

program consisting of banded self-mobilization with move-
ment into dorsiflexion that mimics previous manual ther-
apy techniques that the athlete can perform independently 
prior to sporting activity. Manual therapy is tapered off dur-
ing future visits and is performed as needed according to 
pain presentation and when indicated post-exercise for re-
covery. Education and exercise programming is provided to 
the athlete on continuing a lower extremity single leg bal-
ance and strengthening program and to continue in order 
to reduce the risk of future lateral ankle sprain and chronic 
instability. 

CASE #2 

Acute Low Back Pain 

CLINICAL VIGNETTE 

A basketball athlete is boxing out an opponent. The oppo-
nent then outjumps the athlete who is in a flexed, athletic 
position. The opponent lands on the athletes back, forcing 
the athlete into loaded flexion and rotation before both fall 
onto the floor. The athlete attempts to continue participa-
tion but reports being unable to continue due to worsening 
perceived lumbar spine tightness. Evaluation by the phys-
ical therapist reveals no radicular symptoms and sensory 
and motor function is normal in all extremities. There is 
notable increase in tone of the paraspinal musculature on 
palpation assessment. Range of motion is limited in flex-
ion (forward bending) and extension (backward bending), 
to a lesser extent. There is no glaring strength loss but a 
Gower’s sign is noted on the return from forward bend-
ing assessment. Slump assessment is negative for radicular 
symptoms. 
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INTERVENTION 

The athlete states that moist heat and laying prone relieves 
their symptoms. They are fearful to try and touch their toes. 
The treating therapist elects to perform soft tissue mobi-
lization to address the increased tone about the paraspinals 
before re-addressing the fear of movement. Re-assessment 
of forward and backward bending reveals normalizing ex-
tension range of motion but apprehension persists with 
lumbar flexion. Graded lumbar central posterior to anterior 
mobilization was provided to identified painful segments. 
Traditional mobilization grades 1 and 2 are described as os-
cillations before the end range of motion to theoretically 
assist in pain control. Grade 3 and 4 mobilizations are var-
ious oscillations at end range tissue resistance to theoreti-
cally increase range of motion. Although the validity of the 
grades are up for debate, the actual application of grades 
1-4 likely operate mechanistically within the neurophysio-
logic effect spectrum of manual therapy mechanisms.35 In 
this case, the grade of mobilization started as low grade, 
and was progressed per their reported pain response with 
posterior to anterior assessement and associated carry over 
to functional movement. Upon re-evaluation, pain was de-
creased with forward bending and the patient states that 
they had decreased apprehension to move. The athlete was 
then provided quadruped lumbopelvic range of motion ex-
ercises and cardiovascular exercise for 20 minutes that did 
not exacerbate their symptoms. Education was provided on 
the natural history of low back pain and the positive expec-
tations as the individual was absent of radicular pain. The 
athlete remains apprehensive of sporting activity and their 
next competition is in 48 hours. The athlete’s home exer-
cise program consists of continued low intensity cardiovas-
cular activity and the same lumbopelvic range of motion 
exercises, and they are set for follow up assessment in the 
athletic training room three hours prior to the upcoming 
competition. As they noted symptom reduction with heat 
and extension, they were educated on continuing those 
therapies as indicated. 
Upon evaluation prior to competition, the athlete has 

nearly restored their range of motion in all planes. How-
ever, Gower’s sign persists, with residual pain that is 3/
10, and they note some apprehension in absorbing contact 
similar to the mechanism of injury during skill training. 
The athlete is educated on the purported neurophysiologic 
mechanisms of spinal manipulation and agrees to the treat-
ment. The athlete is provided a side lying lumbar manip-
ulation with immediate reassessment of forward bending. 
Pain and movement quality are improved, and the therapist 

introduces quadruped and closed chain motor control/
strengthening exercises to reinforce the reduction in symp-
toms and improved movement tolerance. The athlete notes 
improved confidence and in consultation with team physi-
cians and key stakeholders, the athlete returns to competi-
tion. 
The following day, the athlete is instructed on mobility 

exercises that simulate the manual therapy techniques. 
Further proximal trunk and lower extremity strengthening 
drills are installed into their resistance training program in 
communication with the acting strength and conditioning 
coach. Manual therapy is provided as indicated only if the 
symptoms worsen or required further medical evaluation. 

CONCLUSION 

Education and exercise are the foundation of physical ther-
apy intervention. When considering the barriers to these 
pillars, which include pain, anxiety, fear of movement and 
further injury, it is reasonable to consider the utilization 
of manual therapy as an adjunct to improve patient com-
fort, confidence, and to leverage short-term outcomes in a 
sporting environment where participation of exercise is al-
ready necessary. The primary goals of manual therapy are 
to reduce pain and promote safe and efficient movement. 
This is paramount in a sports setting, as short-term symp-
tom modification is a significant driver in improving ath-
lete comfort, confidence, and safety and thus potentially in-
fluencing athlete availability to rehabilitation, training, and 
competitive participation. Manual therapy is generally safe 
and cost-effective within a sports-medicine environment 
compared to, or performed in combination with alterna-
tive forms of care (pharmacologic, electrophysical, etc).17,18 

A balanced and updated approach must be taken, as over-
diagnosis and overmedicalization via manual therapy may 
result in more harm than good. A modern and clinically-
reasoned approach can make these treatment interventions 
efficacious and move beyond the “passive” label by facili-
tating continued activity. 
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The incidence of knee injuries in sport, particularly involving the ACL, appears to be 
increasing yearly, especially in younger age athletes. Even more concerning is the 
frequency of ACL reinjury also appears to be increasing year after year. Improving the 
objective criteria and testing methods used to determine return to play (RTP) readiness 
following ACL surgery is one aspect of the rehabilitation process that can significantly 
help in reducing reinjury rates. Currently, the majority of clinicians are still using post 
operative time frames as their number one criterion for clearance to RTP. This flawed 
method demonstrates an inadequate reflection of the true unpredictable, dynamic 
environment athletes are returning to participate in. In our clinical experience, objective 
testing to allow for clearance to sport participation following an ACL injury should 
incorporate neurocognitive and reactive testing due to the nature of the injury typically 
occurs because of failed control of unanticipated reactive movements. The purpose of 
this manuscript is to share a neurocognitive testing sequence we currently employ 
consisting of 8 tests in 3 categories: Blazepod tests, reactive shuttle run tests, and 
reactive hop tests. The use of a more dynamic reactive testing battery may decrease the 
reinjury rates when an athlete is cleared for participation by measuring readiness in 
chaotic circumstances that are more truly reflective of the sporting environment the 
athlete is working to return to and in the process give them a greater sense of confidence. 

INTRODUCTION 

It is estimated there are between 200,000 to 250,000 an-
terior cruciate ligament (ACL) knee injuries sustained an-
nually in the United States, resulting in approximately 
150,000 to 165,000 ACL surgeries each year.1,2 The inci-
dence of these serious knee injuries appears to be increas-
ing yearly, especially in high school aged athletes. More 
troublesome than the frequency of ACL injuries, is the rate 
of reinjury also appears to be increasing year after year. 
Investigators have reported reinjury rates following ACL 
surgery to range as high as 30-39%.3,4 This rate of reinjury 
results in as many as 4 in every 10 surgeries being at-
tributed to reinjury. This level of reinjury following ACL 
surgery is unacceptable. In these instances, the athlete has 
already suffered one significant knee injury, undergone 
surgery, and worked through the rehabilitation process af-
terwards only to suffer another ACL injury to either the 
opposite or the previously reconstructed knee. As health 
care providers we need to critically examine every available 

way to reduce ACL reinjury rates. One area that can signifi-
cantly help in reducing these reinjury rates is improving the 
methodology used in return to play (RTP) testing following 
ACL surgery. 

The cause of these unacceptably high reinjury rates has 
been attributed to a number of factors. First, there is a sur-
prising overall lack of RTP testing generally utilized in mak-
ing RTP decisions. Barber-Westin and Noyes3 reported in 
a large meta-analysis and systematic review of 716 arti-
cles that only 13% utilized objective criteria in determin-
ing readiness to return an athlete back to participation 
following ACL surgery. This lack of testing is extremely 
disappointing when you consider that a reduction in rein-
jury rates has been demonstrated by utilizing objective RTP 
testing in the decision-making process.5–7 Second, athletes 
are returning to participate in sport without completing 
the entire rehabilitation process, often due to insurance 
plan limitations, an inability to afford rehabilitation follow-
ing the exhaustion of benefits, or self-discharge. Each of 
these factors results in incomplete rehabilitation, placing 
the athlete at risk of reinjury. Third, is the frequent lack 
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of high-level activities and functional sport-specific chal-
lenges during the rehabilitation process. When an athlete 
is not challenged in a similar environment, with replicat-
ing demands matching those of the sport, they are often re-
turning to the result inadequately prepared and therefore 
a higher risk of reinjury. Next, is the fact that most of the 
RTP tests currently in use are single task drills with an-
ticipated movements. Sports are seldom single task activi-
ties and often involve unanticipated movements. Brophy et 
al8,9 and others10,11 have reported the majority of soccer 
injuries sustained to the female player occurred during de-
fending and/or with unanticipated reactive movements. For 
example, a soccer player may be performing soccer drills 
with other players to create an environment of distrac-
tion, controlled chaos, and dual tasking. This combination 
of variables and the hierarchy of tasks inherent to sport 
makes single task drills insufficient to assess RTP readiness. 
Lastly, the athlete often goes back to their sport or activi-
ties unprepared and at risk of reinjury for a combination of 
the reasons listed above. 

The present RTP testing methodology is underutilized 
and when employed not satisfactorily effective to appro-
priately determine RTP readiness of the athlete following 
ACL surgery. Most decisions are made in the Physician’s of-
fice, based solely on physical examination and subjective 
reporting. Typically, when RTP testing is performed, it is 
not done in the same environment or with sport specificity. 
Testing needs to be conducted with an emphasis on the per-
formance of multiple tasks, neurocognitive challenges, and 
motor control. RTP decisions should be made by a team 
of health care providers looking at the athlete’s readiness 
from a variety of viewpoints to make an informed decision 
based on subjective, objective and functional data. RTP cri-
teria should not be a single event to determine readiness to 
return athletes to all levels of sport. 

RTP testing for the lower extremity following ACL 
surgery has been discussed extensively in the literature 
since the mid 1980’s. There are over 500 articles that pre-
sent various testing procedures and protocols. These test-
ing procedures include single leg hop testing, shuttle run-
ning, balance testing and functional movement screening, 
isokinetic testing, and limb symmetry index assessment to 
list just a few.12–19 While these tests are all good measures 
of what they are designed to assess, they all test a single 
task, and none involve reactive assessment. Even the tests 
used that replicate drills employed in sport training, are 
simply drills and not truly specific sport related activities. 
These tests are good, serve a vital purpose and we recom-
mend them as tests to assist in determining rehabilitation 
progression. 

Historically all these tests have been referred to as RTP 
tests. They are more appropriately tests suited to determine 
athlete readiness to begin progression through rehabilita-
tion, running, jumping, agility drills, or other transitional 
programs. They are not true measures to assess readiness 
to return to competitive play. These tests are predictable, 
in that the athlete is asked to perform a specific movement 
or task and is evaluated based on their resultant perfor-
mance of this movement. In sports, there are numerous 

unpredictable movements that the athlete must perform, 
most of these are reactive in nature and have multiple stim-
uli occurring simultaneously. Therefore, to effectively as-
sess return to play readiness during the recovery after ACL 
surgery, the RTP tests must measure those types of sport 
activities, movements, and reactions. The problem is these 
tests do not assess reaction time, dynamic stabilization, dy-
namic reaction movements and do not tell us if the athlete 
is ready to initiate competitive practice or return to com-
petitive play. 

Although there are limitations in the previous metrics 
for clinical decision making for RTP, it is important to rec-
ognize some of the research of the tests which provide the 
criteria to progress to the neurocognitive testing. Refer to 
the list below for an example checklist or functional test-
ing algorithm for a criterion-based approach for progres-
sion through rehabilitation and in preparation for using the 
advanced testing methods.20 

Even though the “missing link” is the neurocognitive re-
active testing, there must be preparatory testing that leads 
to criterion-based metrics that prepares the patients to per-
form the neurocognitive reactive testing. Therefore, crite-
ria that can be used to determine the patient’s readiness for 
performing these advanced neuro-cognitive reactive tests 
are described in Table 1. 

The purpose of this manuscript is to present a proposed 
testing and RTP model we currently use clinically. This 
RTP testing includes neurocognitive testing, reactive motor 
control testing, dual tasking, and psychological readiness 
with the main focus on reactive unanticipated test move-
ments. 

NEUROCOGNITIVE TESTING 

Appropriate testing of RTP readiness following ACL 
surgery, should not only assess if the athlete appears ready 
to resume play but also be directed toward minimizing the 
risk of reinjury. To accomplish this, testing must be more 
dynamic, sport oriented, and even unpredictable in nature. 
A neurocognitive testing battery must include measures 

• VAS/NPRS 
• PROs 
• Kinesiophobia 
• Anthropometric measurement for effusion 
• Static balance/Dynamic balance 
• AROM/PROM – Knee/PF 
• Strength Testing – TLS: LSI, Unilateral ratios, Allo-

metric scaling to BW 
• Special Tests for ligament stability: Lachman’s, Pivot 

Shift, KT1000/2000 
• Walking/running gait analysis 
• Functional movement patterns 
• Jump Test 
• Hop Tests 
• T-drill hop test 
• Change of Direction Test 
• LEFT (adds acceleration/deceleration [anterior/retro] 

and acute fatigue factor 
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Table 1.   

Measurements Methods of Assessments Objective Criteria 

Pain21 VAS/NPRS <3 during & after therapeutic exercises 

PROs22 

Kinesiophobia23,24 ACL-RSI > 55 points 

Posture Posture Grid LSI/WNL 

Gait/Running/Movement 
Analysis 

Qualitative Analysis WNL 

Knee effusion 
Anthropometric measurements 

/Sweep Test 
<1 cm. LSI 

Palpation No c/o pain 

Balance/Proprioception25 Static 
Dynamic 

WNL-LSI 
WNL/LSI 

AROM26,27 Goniometry 
Digital gonios 

<10% LSI 

PROM26,27 Goniometry, 
Qualitative end feels 

< 10 % LSI 

Special Tests 
Lachman’s/ 
Pivot Shift 

Negative 
Negative 

Muscle Strength28 

(Total Leg Strength-TAS) 
Core, Hip, Knee, Ankle 

HHD, Isokinetics <10% LSI, %BW, Norms 

Muscle Power 
(Total Leg Strength-TAS) 
Core, Hip, Knee, Ankle 

HHD, Isokinetics 
Force Plates 

<10% LSI, %BW, Norms; 
RFD 

Muscle Endurance 
(Total Leg Strength-TAS) 
Core, Hip, Knee, Ankle 

Isokinetics 
Force Plates 

<10% LSI, %BW, Norms 

Functional Tests29–35 

Jump Tests 
Hop Tests 

T-Drill Hop Test 
Change of Lateral Direction Test 

LEFT 

% - Height 
<10% -LSI; % Height; Norms 

<10 % - LSI 
<10% - LSI 

Norms 

of reactive response and incorporate sport-type reactions 
and movements. Testing must also be safe, easy to perform 
and measure, and require minimal equipment to complete. 
Neurocognitive testing is a way to measure various aspects 
of cognitive function non-invasively. These cognitive func-
tions include things like reaction time, multi-tasking, at-
tention, memory, and perception. Short tests designed to 
assess these functions produce objective measures that can 
be compared to standard scores or to an individual’s base-
line scores when available. Readiness to return to sport in-
volves more than just the readiness of the musculoskele-
tal system. The neurocognitive system is a vital aspect of 
sport due to the constant use of cognitive functions such 
as reaction time and multi-tasking. Reaction time testing 
has been shown to be highly reliable and can be used to 
assess an athlete’s cognitive and athletic ability.36 Muscu-
loskeletal injuries affect the neurocognitive system as well, 
so assessing and training this system can lead to better out-
comes when determining readiness to return to play. Si-
mon et al37 demonstrated that the addition of a neurocog-
nitive and anticipatory component to the traditional hop 
test series resulted in a statistical difference in performance 
and may improve functional return to sport testing. When 
comparing reactive versus preplanned agility testing, Ser-

pell et al38 demonstrated a difference in mean reaction 
time between elite and subelite groups in the way in which 
they contributed to perceptual skills and/or reaction abil-
ity. All of these factors combine to make the incorporation 
of neurocognitive training and testing elements crucial to 
advancing the effectiveness of RTP testing following ACL 
surgery and help to minimize the risk of reinjury as the ath-
lete returns to competition. 

PROPOSED TESTING SEQUENCE 

The neurocognitive testing sequence we currently employ 
consists of a total of 8 tests in 3 categories: Blazepod tests, 
reactive shuttle run tests, and reactive hop tests. Testing 
is performed sequentially using 3 Blazepod tests, 2 reactive 
shuttle runs and finally 3 reactive hop tests. Adequate rest 
and recovery are allowed between tests. Based on the du-
ration of the tests, the patients are permitted a 1-3 minute 
rest between tests. The testing measures are: 
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Figure 1. Lateral slide test with light targets       
(Blazepods Inc.)   
Each target light is 60 inches apart. 

BLAZEPOD TESTS 

BLAZEPOD LATERAL SLIDE TEST 

The lateral slide test begins with four Blazepods positioned 
in a straight line five feet apart (60 inches). (Figure 1) The 
pods are configured in a randomized pattern using a single 
target color (blue) and five distracting colors (purple, green, 
orange, red, and yellow). One pod will light up the target 
color (blue) and the remaining three will be lit in distracting 
colors. Lights are set to transition on a hit and with zero-
time delay between each transition. The athlete is in-
structed to begin in the center of the pods and will shuffle 
laterally targeting the blue light. Athletes are required to 
maintain a mini squat in an athletic position throughout 
the test and must avoid hopping or running between lights. 
Another individual will be tossing a soccer ball towards the 
target light. The athlete is instructed to catch the ball, tap 
the target light then toss the ball back while locating the 
next light and shuffling to it in a good athletic ready posi-
tion. Once the test begins the goal is to tap as many lights 
as possible in 30 seconds. The total number of taps as well 
as average reaction time is calculated and scored following 
completion of the test. 

BLAZEPOD 4 CORNERS TEST 

The 4 corners reactive test begins with four Blazepods po-
sitioned in a square 21 feet (252 inches) apart. (Figure 2) 
As in the first test the pods are configured in a randomized 
pattern where one pod will light up the target color (blue) 
and the remaining three will be a distracting color (purple, 
green, orange, red, and yellow). Lights are set to transition 
on a hit and with zero-time delay between each transition. 
The athlete is instructed to begin in the center of the pods 
and locate the blue light. Another individual will be tossing 
a soccer ball towards the target light. The athlete is in-
structed to catch the ball, tap the light then toss the ball 
back while locating the next light. Once the test begins the 
goal is to tap as many lights as possible in 30 seconds. To-
tal number of taps as well as average reaction time is calcu-
lated following completion of the test. 

Figure 2. Four corner target light test (Blazepods Inc.)        
Each light target is 21 feet apart. 

BLAZEPOD STANDING RIGHT VERSUS. LEFT REACTIVE 
TEST 

The standing right versus left reactive test begins with four 
Blazepods positioned in a rectangle 36 inches in length and 
12 inches wide. (Figure 3) The pods are configured in a ran-
domized pattern so that any of the four can illuminate with 
only one at a single point in time. Lights are set to tran-
sition on a hit, with zero-time delay between each. In this 
test both blue and red are set as the target colors which 
represents the color in which the single pod will illumi-
nate. The athlete begins in double limb stance with their 
feet shoulder width apart between the four pods perform-
ing fast feet. If the pod illuminates blue they are instructed 
to hit it with their left foot and if red, then hit it with their 
right foot. After each hit the pods will change color and the 
athlete must react to contact the next target color. Once 
the test begins the goal is to tap as many target lights as 
possible in 15 seconds. Total number of taps, number of er-
rors, as well as average reaction time is calculated following 
completion of the test. 

REACTIVE SHUTTLE RUN TESTING 

REACTIVE 10-YARD T SHUTTLE RUN TEST 

The reactive 10-yard T shuttle run test begins with 4 cones 
positioned in a “T”. (Figure 4) The individual cone is posi-
tioned 10 yards from the other three which are each 5 yards 
apart forming a “T”. The athlete begins at the individual 
cone and is instructed to sprint towards the cone directly in 
front of them. Once two thirds to the first cone, the tester 
will call out right or left, signifying the direction the athlete 
will begin to shuffle laterally towards. They are instructed 
to slide laterally 5 yards to the furthest cone, tap it, then 
reverse and slide laterally 10 yards to the furthest cone in 
the opposite direction and tap it. Once they tap the second 
cone, they reverse slide 5 yards back to the middle cone. 
Finally, after taping the middle cone the athlete will pivot 
and run 10 yards back to the starting position. The goal is 
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Figure 3. Standing Right versus Left Reactive target       
light test.   
Targets are placed 3 feet apart and the participant is instructed to tap the right foot to 
the red target & the left foot to the blue target. 

Figure 4. Reactive 10-yard T Shuttle Run Test.       
This test involves a 10-yard run then a side shuffle to one direction for 5 yards & then in 
opposite direction for 5 yards and then turn and run back to start line. 

to complete the test as quickly as possible. The time begins 
when they start their run and stops when they pass the final 
cone. 

REACTIVE 10-YARD L RUN TEST 

The reactive 10-yard L run test begins with 4 cones posi-
tioned in a “T”. (Figure 5) The individual cone is positioned 
10 yards from the other three which are each 5 yards apart. 
The athlete is instructed to begin at the individual cone and 
sprint towards the cone directly in front of them. Once two 
thirds to the first cone, the tester will call out which direc-
tion the athlete will go. Once the direction is called, the 
athlete will turn in the direction named and sprint around 
the far cone. To finish the test the athlete will sprint back to 

Figure 5. Reactive 10 Yard L Run Test.       
This test is performed with a 10 yard straight run then a turn to instructed direction for 
5 yards and then a turn back to start position. 

the middle cone, pivot and then sprint back to the starting 
position, completing the “L”. The goal is to complete the 
test as quickly as possible. The time begins when they start 
their run and stops when they pass the finally cone. 

REACTIVE HOP TESTING 

REACTIVE SINGLE LIMB HOP FOR DISTANCE 

The reactive single limb hop for distance test begins with 
the athlete standing on one limb. The athlete is instructed 
to hop forward from the starting position as far as possible. 
(Figure 6) While in the air the tester will call out right or 
left designating the foot in which the athlete is required to 
land on. The goal of the test is to hop as far as possible and 
land solidly on the designated leg. Athletes must stick the 
landing for 2-3 seconds for the test to count. Three consec-
utive repetitions are performed, and the distance is aver-
aged. The distance is measure from the starting line to the 
back of the landing leg heel. 

REACTIVE SINGLE LIMB CROSS OVER HOP FOR DISTANCE 

The reactive single limb cross over hop for distance test be-
gins with the athlete standing on one limb. The test be-
gins with the athlete hopping as far as possible off the sin-
gle limb. While in the air the tester will call out the foot 
in which the athlete is required to land on, either left or 
right, crossing the center line of the testing field. (Figure 
7) They will then complete the sequence by completing two 
more cross over hops on the same limb. The athlete is in-
structed to hop as far as possible with each hop and stick 
the final landing for 2-3 seconds. They will complete three 
consecutive repetitions and take the average distance be-
tween each test as the final score. The distance is measure 
from the starting line to the back of the athlete’s heel at the 
final hop. 

REACTIVE SINGLE LIMB ALTERNATING CROSS OVER HOP 
FOR DISTANCE 

The reactive single limb alternating cross over hop for dis-
tance test begins with the athlete standing on one limb 
(Figure 8). The athlete is instructed to hop forward as far 
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Figure 6. Reactive Single Leg Hop for Distance Test.        
The participant stands on one foot and hops outward – as the participant hops, they are instructed which foot to land on. 

Figure 7. Reactive Single Limb Cross Over Hop for Distance Test.          
The participant stands on one foot and hops outward – as the participant hops, they are instructed which foot to land on and they must cross over the center tape. They will then 
complete the sequence by completing two more cross over hops on the same limb. 

as possible. While in the air the tester will call out a foot 
on which the athlete is required to land, either left or right. 
The athlete will then complete the sequence by performing 
two more cross over hops successively on alternating limbs. 
The athlete is instructed to hop as far as possible with each 
hop and stick the final landing holding for 2-3 seconds. 
They will complete three consecutive repetitions and take 
the average distance between each test. As with the other 
tests the distance is measure from the starting line to the 
back of the athlete’s heel. 

Videos of the drills and tests in this manuscript can be 
found here: VIDEO FOLDER. 

LIMITATIONS 

Although these are examples of some of the tests that are 
currently being used clinically because of ecological valid-
ity, nevertheless, we have to acknowledge the limitations of 

these tests. The tests have not been tested for reliability, 
validity or predicative validity regarding follow-up effec-
tiveness for athletes to return to play, return to perfor-
mance or prevention of reinjury. 

CONCLUSION 

The current state of RTP testing following ACL surgery is 
inadequate and does not reflect the true unpredictable, dy-
namic environment athletes are returning to. Not only is 
there a need for better utilization of RTP testing for pre-
dicting readiness, the significant incidence of reinjury must 
also be drastically reduced. These needs require both an im-
provement in the type of tests utilized and the overall use 
of subjective, objective and functional RTP testing in deter-
mining readiness to resume unrestricted activity. It is our 
hope that presenting this theoretical model for the use of 
neurocognitive testing in assessing athletic readiness that 

The Need To Change Return to Play Testing in Athletes Following ACL Injury: A Theoretical Model

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/67988-the-need-to-change-return-to-play-testing-in-athletes-following-acl-injury-a-theoretical-model/attachment/135349.jpg?auth_token=blxFeQfGLRxgsS_neeTE
https://ijspt.scholasticahq.com/article/67988-the-need-to-change-return-to-play-testing-in-athletes-following-acl-injury-a-theoretical-model/attachment/135351.jpg?auth_token=blxFeQfGLRxgsS_neeTE
https://drive.google.com/drive/folders/12ds44qwptYjKeWegUtdMjt4XPCh4ezfT?usp=sharing


Figure 8. Reactive Single Limb Alternate Cross Over Hop for Distance Test.           
The participant stands on one foot and hops outward – as the participant hops, they are instructed which foot to land on and they must cross over the center tape. The athlete will 
then complete the sequence by performing two more cross over hops successively on alternating limbs. 

more critical thought will be placed on the type of testing 
needed to help determine when an athlete is capable of re-
turning to sport. Also, the use of a more dynamic testing 
battery may decrease the reinjury rates when an athlete is 
cleared for participation. 
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Figure 1a. (Left) 
Patient is supine with a bolster placed 
under the knee for 30 degrees of flexion, 
reducing the patella “locking” on the femur 
as in full extension.   
 
Transducer Placement: Short Axis (SAX) 
Probe is placed one probe width proximal 
to the patella. 
 
Figure 1b. (Right) 
Patient is supine with a bolster placed 
under the knee for 30 degrees of flexion, 
reducing the patella “locking” on the femur 
as in full extension.   
 
Transducer Placement: Long Axis View 
(LAX). Probe is placed on the proximal por-
tion of the patella.

MSK ULTRASOUND BITES: TIPS AND TRICKS

ABSTRACT 
Quadriceps muscle injury is a common occurrence,  
especially among athletes. While a careful history and a 
thorough physical examination are important steps in the 
assessment of quadriceps muscle pathology, it is still diffi-
cult to differentiate the type and severity of the pathology.  
Because of this difficulty, musculoskeletal ultrasound 
(MSK-US) is an invaluable tool in the diagnosis of quadri-
ceps muscle or tendon injury. Utilizing this noninvasive 
imaging technique, medical professionals can easily diag-
nose and monitor muscle and tendon disorders to quickly 
determine the correct treatment plan for each individual 
case. The ability to view these structures in real-time 
allows identification of any present pathologies. MSK-US 
has become a useful component in diagnosing quadriceps 
muscle and tendon injuries due to its ability to clearly dis-
play the affected structures without exposing the patient to 
radiation or utilizing ionized contrast media. MSK-US pro-
vides valuable insight into fluid dynamics around joints 
and can even detect myotendinous tears that might other-
wise be overlooked with the clinical examination or symp-
toms usually reported by patients. MSK-US can provide 
precise visualization of edema and can easily distinguish 
between benign and potentially pathological findings  

which make it an integral part of any holistic evaluation of 
quadriceps muscle and tendon injury. Additionally, it can 
be used to track the progress of physical therapy treat-
ments and monitor tissue healing. This information is 
invaluable in ensuring an optimal outcome for any quadri-
ceps muscle and tendon injury. Therefore, when used in 
combination with clinical tests, MSK-US can drastically 
increase the accuracy of the clinical examination. By utiliz-
ing this technology, healthcare practitioners have reliable 
access to more comprehensive diagnostics for muscu-
loskeletal injuries and diseases than ever before. Clinicians 
are then able to tailor rehabilitation plans more effectively 
and ensure their patients receive proper treatment. As a 
result, recovery times may be shortened, and patients are 
able to return to their normal activities more quickly. 
 
INTRODUCTION 
Traditionally, quadricep complex soft tissue injury has 
been difficult to quantify with the clinical evaluation.  
Clinical success is always predicated upon an accurate 
diagnosis and understanding of the pathological process. 
MSK-US imaging has revolutionized the diagnosis of 
quadriceps muscle and tendon injuries. While a careful 
history and a thorough physical examination are important 

Figure 1a. Figure 1b.

PATIENT POSITION



Figure 2a and 2b:   
SAX view showing the 
cortex of the femur as 
the linear reflection deep 
on the image. Mixed 
echoes of fat and muscle 
are superficial to the 
bony margin. The quadri-
ceps tendon is normally 
seen as a hyperechoic 
fibrous texture. Tissue 
texture should be uni-
form and light grey in 
appearance. There 
should be no darkened 
areas which may be 
indicative of injury. 
 

NORMAL TENDON IN SHORT AXIS 

Figure 2a. Figure 2b.

Figure 3a and 3b:   
LAX view of normal  
tendon showing the 
patellar cortex superficial 
and to the right on the 
image. Hyperechoic 
fibrous echotexture of the 
quadriceps tendon is 
superficial and tapers to 
its attachment on the 
patella. 
 
 

Figure 3a. Figure 3b.

steps in the assessment of quadriceps pathology, MSK-US 
provides high-resolution static of dynamic images that 
enable successful visualization and separation of soft tis-
sues from adjoining bones and ligaments. MSK-US has 
become an invaluable component in diagnosing quadriceps 
muscle and tendon injuries due to its ability to clearly dis-
play the affected structures without exposing the patient to 
radiation or utilizing ionized contrast media. MSK-US can 
provide precise visualization of edema and can easily dis-
tinguish between benign and potentially pathological find-
ings which make it an integral part of any holistic evalua-
tion of quadriceps muscle tendon injury. The speed and 
accuracy of ultrasound imaging make it a useful tool in dif-
ferentiating muscle contusion from tendinopathy or strain.  
In addition to the diagnostic benefits, MSK-US is also bene-
ficial for monitoring progression and recovery of quadri-
ceps muscle and tendon injuries. The accuracy of images 
helps clinicians evaluate patient progress during physical 
therapy sessions and make necessary adjustments to treat-
ment plans if needed. This allows for more precise track-

ing of muscle healing, enabling clinicians to identify any 
setbacks early on and provide timely intervention if 
required. 
 
CONCLUSION 
In conclusion, MSK-US is an effective diagnostic tool for 
assessing quadriceps muscle and tendon injuries. MSK-US 
has minimal risk with no radiation involved and it can pro-
vide valuable information about the extent and progression 
of injury. By understanding MSK-US and its benefits, med-
ical professionals can better diagnose and treat patients 
with quadriceps muscle and tendon injuries, leading to 
more successful outcomes. This makes it an invaluable 
tool for healthcare professionals when treating muscu-
loskeletal disorders. MSK-US should always be used along-
side other techniques such as physical examinations,  
laboratory tests and patient history to accurately diagnose 
quadriceps muscle and tendon injuries. MSK-US is essen-
tial for providing insight into the structures affected by 
injury and helps clinicians create tailored physical  



therapy plans that lead to optimal outcomes. With its accu-
racy, precision, and non-invasive nature, MSK-US has 
become an integral part of diagnosing and treating quadri-
ceps muscle injuries. The goal of this article is to provide a 
few tips and tricks to assist in using MSK-US as a diagnostic 
tool for the assessment of quadriceps pathology.

QUADRICEPS TENDON PATHOLOGY

Figure 4a. LAX View of Quadriceps Tendon. 
Case courtesy of Maulik S Patel, Radiopaedia.org, rID: 
25215 
LAX view showing quadriceps tendinopathy  
associated with symptoms has a higher rate of ten-
don hypoechogenicities, hyperechogenicities and 
neo-vascularization, with the tendon appearing 
thicker and with a greater diameter.

Figure 4b. LAX View of Quadriceps Tendon. 
Case courtesy of Craig Hacking, Radiopaedia.org, 
rID: 56032 
LAX view showing quadriceps tendon rupture with 
3.4 cm retraction of the tendon (curved red arrow). 
A  large heterogeneous 3.5 x 1.2 x 6 cm suprapatel-
lar bursal hematoma (yellow arrows).
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