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Pain in athletes has been traditionally equated with tis-
sue damage (i.e., an acute traumatic or overuse injury).1 

However, chronic pain presents a challenge to team sports 
since it is not fully explained by ongoing biomechanical 
stress or overuse injury. Although biomechanical factors 
can indeed be a relevant nociceptive input for some indi-
viduals, it cannot be the main factor to explain pain in ath-
letes. 

Knowledge about pain has evolved during the last three 
decades from a cartesian (pain = tissue damage) into a mul-
tidimensional perspective in which several factors such as 
tissue overload, nociceptive gain, cognitive, emotional, be-
havioral, lifestyle and several other factors interact in com-
plex ways, leaving the individual more or less prone to ex-
perience pain.2 It is well-known that chronic pain cannot 
be explained solely by patho-anatomical changes. Thus, a 
narrow focus on biophysical factors (e.g., structural, bio-
mechanical) can contribute to misconceptions about pain, 
higher threat value of pain, protective behavior and foster 
disability.1 In addition, it can lead to overtesting (unnec-
essary exams), overdetection (detection of clinically unim-
portant findings), overtreatment (unnecessary treatment 
for a condition that is not life-threatening or would never 
cause any symptoms) and high costs.1,3 

Although the International Olympic Committee (IOC) 
published a consensus on pain management in elite ath-
letes enhancing the biopsychosocial approach,4 the clinical 
implications of applying current pain knowledge to clinical 
practice has been barely discussed. According to the IOC 
consensus, a rational approach to pain management in ath-
letes begins with classifying the type of pain.4 In this as-
pect, pain can be classified by its time frame (i.e., acute or 
chronic), mechanism of onset (i.e., traumatic or non-trau-
matic) and according to its manifestation (i.e., gradual or 
sudden). Pain can be classified by its mechanisms as noci-
ceptive, neuropathic or nociplastic. In chronic pain cases, 
pain can also be classified using the current version of the 

International Classification of Diseases (ICD-11) as chronic 
primary pain (e.g., chronic non-specific low back pain) or 
chronic secondary pain, (e.g., chronic cancer pain, chronic 
posttraumatic and postsurgical pain, chronic neuropathic 
pain, chronic headache and orofacial pain, chronic visceral 
pain, and chronic musculoskeletal pain).5 

Adequate chronic pain management in athletes depends 
on identifying pain mechanisms and contributory factors 
considering a multidimensional perspective. For example, 
the most commonly reported risk factors for low back pain 
in sports were higher athlete training volumes, change to 
increased training load and history of low back pain.6 Nev-
ertheless, psychosocial factors including emotional dis-
tress, symptoms of anxiety, catastrophic thinking, and 
pain-related fear, were associated with prolonged recovery 
and lower return to sport rates.7 Pain catastrophizing was 
reported as the most important factor associated with in-
creased pain intensity in injured athletes.7 An athlete’s 
psychological readiness to return to play was associated 
with the outcomes of rehabilitation.8 The literature pre-
sents evidence that pain-related fear, maladaptive beliefs, 
catastrophizing, and avoidance behavior are key factors in 
the development of disability in chronic musculoskeletal 
and primary pain conditions.9 The social domain is less 
commonly discussed in the literature and usually involves 
relationships, social support, engagement in care, environ-
mental influences, and socioeconomic factors.10 

Although there have been substantial advances in pain 
knowledge, there are still some challenges to overcome to 
properly apply these concepts in sports. First, pain experi-
ence should be considered based on complex systems ap-
proaches, meaning that pain experience results from the 
dynamic and non-linear interactions among many (known 
and unknown) factors. Team sports should also be aware to 
avoid the pendulum swinging too far from a biophysical to 
a narrow psychosocial perspective. Thus, it is important not 
to overlook the “bio” in the multidimensional perspective, 
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since training parameters and biomechanical factors can be 
associated with some clinical conditions (e.g., lower limb 
tendinopathy). It is also important to recognize the limita-
tions of the biopsychosocial model in which several factors 
(e.g., mental health, guilt, stigma, emotional support, feel-
ings of shame, perceived injustice, interpersonal relation-
ships, culture, class, macro socio-economic, political con-
text, religiosity/spirituality, access to healthcare, sleep and 
nutrition quality) are rarely investigated and their influence 
on the athlete’s pain experience remains unknown.10 Sec-
ond, the implementation of the current ICD classification 
for chronic pain in sports can contribute to better epidemi-
ological data since definitions and reporting styles across 
studies present a broad variation. Third, focus on the bio-
physical factors (e.g., exams, tests) can lay aside patient’s 
perspective on wellness and care experiences. In this as-

pect, team sports should implement patient-reported out-
come measures in their clinical pain assessment to estab-
lish patient-oriented evidence to better inform patient care 
decisions. Several measurement instruments have been de-
veloped and tested in non-athletes. Thus, efforts to develop 
athlete-specific or sport-specific assessment instruments 
should be done. Lastly, pain curriculum and training in un-
dergraduate health care programs are insufficient in dif-
ferent disciplines and countries. Further discussion on the 
need and implementation of a specific course in pain and in 
sports in professional degree education programs should be 
considered. 
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SCIENTIFIC FOUNDATION 

Vibration therapy has been around for many years, and re-
cently has regained popularity. Vibration is detected in the 
skin, muscles and joints by Pacinian corpuscles and travels 
to the Primary Somatosensory Cortex for processing via the 
dorsal column ascending neural pathway.1 

APPLICATION PRINCIPLES 

It has been reported that vibration can alter stretch reflex 
sensitivity and in turn affect the motor unit threshold, fir-
ing rate and maximal voluntary strength on muscle action. 
It is believed that the effect of vibration largely depends 
on the duration and frequency of the stimulus provided. If 
applied briefly (2 – 25 seconds) vibration resulted in addi-
tional excitation of the motor neuron pool which increased 
initial firing rates and ultimately enhanced force produc-
tion.2,3 

However, if applied for prolonged periods (30+ seconds), 
a decrease in maximal voluntary strength occurs via presy-
naptic autogenic inhibition.4–6 Presynaptic autogenic inhi-
bition is a reduction of muscle spindle activity and golgi 
tendon organ activation characterized by lower group Ia 
mean discharge rates,7 decreased reflex magnitude and in-
creased (slow) reflex latency.8 This ultimately reduces the 
net excitation of the motor neuron pool and decreases max-
imal voluntary strength. 

Regarding specific application of devices, it is suggested 
that you work with gentle pressure over the indicated treat-
ment area for 20 to 60 seconds. An area requiring increased 
treatment can be identified by experiencing a different tac-
tile or auditory sensation. The device will either “thud” and 
“bounce” more aggressively over affected tissue or practi-
tioners may even hear a different pitch in volume from the 
typical vibratory sound. 

INDICATIONS AND CONTRAINDICATIONS 

Vibration therapy may be indicated for myofascial pain, au-
togenic muscle inhibition and delayed onset muscle sore-
ness. While there are no direct contraindications for its use 
clinicians should proceed with caution for the treatment 
of certain conditions. Some examples are stress fractures 
/ reactions, neuropathy, fibromyalgia epilepsy, pregnancy, 
recent surgery or joint replacement, metal pins or plates, 
pacemakers, areas with skin rash or open wounds and in in-
dividuals with hypertension or those at risk for clotting. 

CLINICAL APPLICATION 

The ability to regulate muscle activity up or down via vi-
bration is beneficial for clinical use and it is important that 
practitioners understand the scientific application to ap-
propriately prescribe its use. 

While there are many proposed benefits of vibration 
therapy the literature most strongly supports its clinical ap-
plication for pain relief, improving tissue extensibility, in-
creasing strength, and decreasing muscle soreness. 

The recommendation for application is to provide gentle 
pressure with continuous motion into the affected tissue. 
You will know you found an area requiring increased at-
tention when either the response is more pronounced 
(‘bouncy’) or louder. This does not mean that more pressure 
is required, simply sustained gentle pressure. 

PAIN MODULATION 

In 2015 Lam et al. performed a prospective randomized 
double-blind study in individuals following arthroscopic ro-
tator cuff repair. They applied a 80-Hz of vibration 5 min-
utes per day for 6 months following the operation and 
found significantly lower visual analog (pain) scale scores at 
the 6 week follow up compared to those who did not receive 
vibration.9 
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Figure 1. Hyperice Venom Shoulder unit providing      
pulsed or continuous vibration in conjunction with        
superficial heat to reduce pain and improve tissue         
mobility  

Figure 2. Hyperice Hypervolt+ being applied to the       
gastrocs to improve tissue extensibility      

The author utilizes the Hyperice venom shoulder (Figure 
1) prior to treatment with patients following a rotator cuff 
repair. This helps to provide superficial heat for tissue ex-
tensibility combined with vibration for proposed benefits 
mentioned to improve range of motion in early and mid-
phases of rehabilitation. 

Additionally, this device can be used in the overhead 
athlete. It is known that internal rotation significantly de-
creases immediately following and 24 hours after throw-
ing.10 Thus, the author will use this device to provide cool 
down following a throwing session to help maintain tissue 
extensibility and reduce the side effects from activity. 

RANGE OF MOTION 

In 2020 Tilp et al. analyzed dorsiflexion ROM following the 
use of the hypervolt massage gun (Figure 2). They worked 
for 2.5 minutes on each gastroc head at 53 Hz while the 
control group received no intervention and found a 5.4% 
increase in ROM following treatment.11 The group that re-
ceived intervention demonstrated no change in max volun-
tary contraction. This has clinical implication in the ath-
letic setting to improve flexibility without compromising 
strength. 

In 2021 Nakamura et al further supported this by having 
two groups perform 3 sets of 60 second bouts of foam 

Figure 3. The Hypervice Vyper 2.0 vibrating foam       
roller being applied from popliteal fossa to Achilles to          
improve ROM and increase motor unit recruitment        

rolling from their achilles to popliteal fossa using the Hy-
perice Vyper 2.0 (Figure 3). One group left the device off 
and the other set the frequency to 48 Hz and 1.5 mm amp. 
What they found was that while both groups increased DF 
PROM the vibration group demonstrated a significant de-
crease in shear elastic modulus (which correlates with stiff-
ness) and additionally an increase in motor unit recruit-
ment. Those who used the non-vibrating foam roller 
demonstrated a decrease in maximal voluntary contraction 
during concentric plantar flexion activity.12 

Based on the data supporting improved ROM and tissue 
extensibility without loss of strength the author utilizes 
both vibrating massage guns and vibrating foam rollers 
during mid to late-stage rehabilitation to prepare individ-
uals for treatment sessions. There has been a great deal of 
subjective feedback from patients and athletes indicating 
the improved comfort of a vibrating foam roller as com-
pared to traditional rollers. 

MOTOR UNIT RECRUITMENT 

Regarding strength Brunetti et al demonstrated that by ap-
plying 100Hz & 20µm amps to the distal quadriceps during 
isometric contraction in patients who underwent ACL re-
construction, peak torque increased at the 90 and 270 day 
follow up.13 High frequency and high amplitude parameters 
will increase stimulus to tissue and thus improve neural 
drive via increased motor unit recruitment. 

This principle can be extremely beneficial during early-
stage ACL rehab by combining this approach with the use of 
external biofeedback. Biofeedback devices can help with ad-
ditional recruitment by providing visual cueing for quadri-
ceps contraction which we know becomes of increasing cog-
nitive demand following an ACL injury.14 Clinically the 
author has found that by combining the use of vibration de-
vices with quadriceps contraction motor unit recruitment 
increases on biofeedback versus contraction without addi-
tional vibratory stimulus (Figure 4). 
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Figure 4. Hyperice Hypervolt+ being applied during      
quadriceps exercises to improve motor unit       
recruitment during visual biofeedback from the       
mTrigger biofeedback device    

DELAYED ONSET MUSCLE SORENESS 

Lastly, vibration devices can alleviate delayed onset muscle 
soreness. Two similarly designed studies indicate that sub-
jective soreness scores and systemic response are improved 
if vibration stimulus is applied prior to or post exercise. 

In 2007 Bakhtiary et al had 50 participants walk for 30 
minutes on a 10° decline. Prior to this one group applied vi-
bration therapy to each quadriceps, hamstring, and calf at 
50Hz for 1 minute each. The group that did not receive in-
tervention reported a higher soreness rating following the 
activity, demonstrated decreased isometric voluntary mus-
cle contraction, and even presented with increased serum 
creatine kinase enzyme in their blood biomarkers indicat-
ing inflammation.15 

Broadbent et al followed this up in 2011.16 They had two 
groups of individuals run on a decline for 40 minutes at 
70% VO2 max. One group applied 40Hz, 5 mm amplitude 
once per day for 3 minutes to their quadriceps, hamstrings, 
calves, and IT band for 5 days following their run while 
the other did not. What they found was that those who 

applied vibration therapy had reduced muscle soreness at 
24, 96 and 120 hours following. Additionally, they found 
changes in blood biomarkers: decreased interleukin 6, de-
creased histamine, decreased lymphocytes, and increased 
neutrophils; all of which are markers indicating reduced 
systemic inflammation. 

These studies reveal that whether applied prior to or fol-
lowing exercise intervention vibration therapy can alleviate 
delayed onset muscle soreness not only from a subjective 
standpoint but an objective component too. This solidifies 
the importance of use in the clinical rehab or higher-level 
athletic setting to ensure that individuals can maintain the 
ability to adhere to the demands of a vigorous training 
regime. 

RECOMMENDATIONS 

When it comes to vibration therapy, the author is an advo-
cate for its use based on the benefits mentioned through-
out. To summarize lower frequency, amplitude coupled 
with longer duration (30+ seconds) helps alleviate pain, im-
prove tissue extensibility, and reduce the potential for de-
layed onset muscle soreness, which can be beneficial in pa-
tients who are post-operative, dealing with chronic pain 
or just finished performing strenuous eccentric exercises. 
Higher frequency, amplitude with short duration usage (< 
30 seconds) can assist with motor unit recruitment and tis-
sue preparedness which can be beneficial prior to or during 
exercise activity. 

CONCLUSION 

Vibration therapy has been all the buzz in recent years due 
to the many different devices on the market. These de-
vices can be a great adjunct tool to boost performance in 
rehab and competition. There are many settings and pa-
rameters which can yield a variety of clinical outcomes. 
It is important that practitioners understand the scientific 
foundation behind these tools to guide clinical application 
in professional setting and also educate their patients on 
appropriate use at home. Overall vibration therapy is a safe, 
inexpensive, and accessible form of treatment with many 
benefits. Further studies are warranted to study the effects 
of different frequency, amplitude and time parameters as 
they relate to physiologic response of tendon and ligament 
conditions. 
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Background  
Developmental dysplasia of the hip (DDH) is a condition associated with hip pain and 
impairments. Periacetabular osteotomy (PAO) is a common surgical treatment for DDH. 
Outcomes following PAO have historically been based on radiology or patient reported 
outcomes, and not physical impairments. 

Objective  
To investigate differences in physical impairments in adults with DDH undergoing PAO 
compared with asymptomatic participants, and to investigate pre- to post-PAO changes 
in physical impairments. 

Design  
Systematic review with meta-analysis 

Methods  
A literature search was performed in five databases (MEDLINE, CINAHL, EMBASE, Sports 
Discuss, and PsychINFO), using the PRISMA checklist. Studies were considered eligible if 
patients were aged 15 years and older, treated with PAO for DDH and if they included a 
physical impairment outcome measure. Two independent reviewers performed data 
extraction and assessed methodological quality, using a modified version of the Downs 
and Black checklist. 

Results  
Of 5,017 studies, 24 studies were included with 2190 patients. The methodological 
quality scores ranged from 39% to 88%. With low level of evidence, meta-analysis showed 
58% of patients had a positive anterior impingement test (95%CI: 39-76%), prior to PAO 
and one to three years after PAO. Five years after PAO, the proportion fell to 17% (95%CI: 
11-24%). Prior to PAO, patients with DDH walked with a lower peak hip extension angle, 
compared to asymptomatic participants (SMD 0.65 (95%CI 0.21-1.10). Best evidence 
synthesis of non-pooled data showed limited evidence of increased walking velocity, 
stride length and improved hip flexion and extension moment 18-months post-PAO 
compared to pre-op. Cadence, hip abduction and hip flexion strength did not change. 
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Conclusion  
Most patients with DDH have a positive hip impingement test, pre-PAO. Compared to 
asymptomatic participants, patients with DDH demonstrate physical impairments during 
walking which appear to improve after surgery. Hip abduction and flexion strength did 
not change pre- to post-PAO. 

Level of Evidence    
1b 

INTRODUCTION 

Developmental dysplasia of the hip (DDH) defines a hip 
joint with reduced acetabular coverage of the femoral head1 

and is prevalent in 32% of primary care patients with hip 
pain.2 The radiologic features of dysplasia are found in 
3-20% of the general population.3,4 Patients with DDH may 
experience hip pain, impaired physical function, and low 
quality of life.5–9 An association with DDH and early de-
velopment of hip osteoarthritis (OA) has been established10 

with three times greater odds of progressing from mild to 
end-stage OA or total hip replacement.11,12 The acetabular 
coverage can be increased with the surgical procedure, pe-
riacetabular osteotomy (PAO).1,13 The goal of the PAO is to 
reduce the likelihood of hip OA by increasing the acetabular 
coverage of the femoral head.14 

Historically, outcomes of PAO have been derived from 
surgeons’ definition of success,15,16 which are often based 
on imaging outcomes.1,13,15 However, in recent years, there 
has been a shift towards including other measures of suc-
cessful surgery, including physical impairments and pa-
tient-reported outcomes.7,17,18 This is supported by studies 
which suggest structural pathology may not be the sole 
contributing factor to pain.19,20 For example, a high preva-
lence of labral tears (54%) has been shown to exist in 
asymptomatic subjects.19 Mose et al. also reported no as-
sociation between the level of pain and severity of labral 
lesions or to the degree of bony coverage in patients with 
DDH.20 For patients to give truly informed consent to un-
dergo PAO, there must be robust evidence of the likely out-
come of surgery on not only pain, but also in regard to 
physical function.21 

Physical impairments may potentially explain deficits 
in in those with worse outcomes following PAO. Patients 
with DDH who undergo PAO have reported improvements 
in pain, function, and quality of life. However, up to 
32-months after PAO, these outcomes were still signifi-
cantly worse compared with asymptomatic participants.9 It 
is possible that these deficits are related to physical im-
pairments. Physical impairments after PAO have been re-
ported in individual studies.7,8,17,22–25 However, no reviews 
have systematically synthesized physical impairments in 
patients with DDH undergoing PAO. For future patients 
to be appropriately informed, and to improve clinicians’ 
knowledge and ability to help these patients, a systematic 
review on physical impairments in patients with DDH un-
dergoing PAO is warranted. 
This systematic review aimed (i) to compare physical im-

pairments in patients undergoing PAO for DDH to asympto-

matic participants, and (ii) to investigate pre- to post-PAO 
changes in physical impairments in patients with DDH. 

METHODS 

Study selection, eligibility criteria, data extraction, and sta-
tistical analysis were performed according to the Cochrane 
Collaboration guidelines.26 The systematic review was re-
ported in accordance with the preferred reporting guide-
lines for systematic reviews and meta-analysis (PRISMA) 
guidelines,27 and was registered on the Prospero interna-
tional prospective register of systematic reviews (ID: 
CRD42020180571). 

SEARCH STRATEGY 

A comprehensive, reproducible search strategy was per-
formed on the following databases MEDLINE CINAHL, EM-
BASE, Sports Discuss, and PsychINFO from inception until 
5th January 2021. 
The search strategy was conducted by two reviewers 

(MO, AS) and used the following concepts: 
(i) Humans with DDH aged 15 years and older 
(ii) Periacetabular Osteotomy 
(“Joint Instability”[Mesh] OR instability[tiab] OR unsta-

ble[tiab] OR lax[tiab] OR laxity[tiab] OR 
subluxation[tiab] OR dysplasia[tiab] OR dysplastic[tiab] 

OR anterversion[tiab] OR 
retroversion[tiab]) AND (Periacetabular [Mesh] OR peri-

acetabular [tiab] OR Osteotomy[Mesh] OR osteotomy [tiab]) 
AND (Hip[Mesh] OR Hip[tiab] OR hips[tiab] OR “Hip 
Joint”[Mesh] OR “coxofemoral joint”[tiab]) OR Pelvis 
[Mesh] OR Pelvis [tiab] OR Pelvic [Mesh] OR Pelvic [tiab]) 
The search strategy was modified for each database. All 

potential references were imported into Endnote X8 
(Thomson Reuters, Carlsbad, California, USA) and dupli-
cates were removed. All included studies were then up-
loaded into Covidence software (Veritas Health Innovation 
Ltd, Australia) for screening. Title, abstract and full text 
screening was conducted by three independent reviewers 
(MO (A-Z), CS (A-M), LT (N-Z). Any disagreements were re-
solved by a fourth independent reviewer (JK). 

ELIGIBILITY CRITERIA 

Studies were eligible for inclusion if they used a hip-specific 
physical impairment measure and were written in English. 
All quantitative observational study designs were consid-
ered eligible including randomised control trials, non-ran-
domised controlled trials, case series, prospective or ret-
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rospective study designs. Animal studies and case studies 
were excluded. 

PARTICIPANTS/POPULATION 

People aged 15 years and older with DDH undergoing PAO 
(based on the mean or median age of the study sample) 
were included. Studies were not eligible if the PAO was un-
dertaken in people with Cerebral Palsy, Down Syndrome or 
Charcot-Marie Tooth Disease. 

INTERVENTION(S), EXPOSURE(S) 

Studies that used PAO surgery as primary intervention for 
DDH were included. The terms ‘Bernese Osteotomy’ and 
‘Ganz Osteotomy’ were considered interchangeable with 
‘Periacetabular Osteotomy’. Studies were not eligible if the 
PAO was reported to be a ‘rotational’ or ‘curved’ as these 
procedures differ in surgical technique. 

COMPARATOR(S)/CONTROL 

Studies using sham treatment, no treatment or other treat-
ment (e.g., total hip joint replacement or hip arthroscopy 
surgery) as the comparator/control treatment were in-
cluded. We also included studies where no comparison 
group was present if they used two timepoints (for example: 
case series). In this instance, the pre-intervention time-
point was considered the ‘comparison’. 

OUTCOMES 

Primary outcomes of interest were hip-related physical im-
pairment measures. These included pain provocation tests, 
hip muscle strength, hip range of motion (ROM) and gait 
analysis. 

QUALITY EVALUATION 

A modified version of the Downs and Black checklist was 
used to assess the quality of included studies. This modified 
version scores 18 potential criteria and has been used in 
other systematic reviews on hip pain.28 Studies were con-
sidered high quality with a score of more than 60%.28 In-
cluded studies were rated by two independent reviewers 
(MO, LT). Any disagreements between reviewers were dis-
cussed in a consensus meeting and an independent arbitra-
tor (JK) was employed when consensus could not be met. 
Agreement between rates was determined using Cohen’s 
Kappa (κ). 
The Grades of Recommendation, Assessment, Develop-

ment and Evaluation (GRADE)29,30 was applied to assess 
the quality of evidence for each meta-analysis. The overall 
GRADE certainty ratings included ‘very low’, ‘low’, ‘mod-
erate’ and ‘high’. Observational data was initially graded 
as ‘low’ and could be increased or decreased.31 Certainty 
could be rated up for (i) large magnitude of effect, (ii) clear 
dose-response gradient suggesting causal relationship, (iii) 
all residual confounding would decrease magnitude of ef-
fect. Certainty could be rated down for (i) methodological 
quality (if mean modified epidemiology appraisal instru-

ment scored less than 60%), (ii) imprecision (if upper or 
lower confidence interval (CI) spanned a standardized mean 
difference (SMD) or standardized paired difference (SPD) of 
0.5 in either direction), (iii) inconsistency (if I2 was 25% or 
greater), (iv) indirectness (if clinically heterogeneous) and 
(v) publication bias (for example, small studies that are in-
dustry-sponsored). 

DATA EXTRACTION, SYNTHESIS AND ANALYSES 

Data were extracted by two independent reviewers (MO, LT) 
into customized excel worksheets. The following data was 
extracted: Author, year, country of origin, number of par-
ticipants, demographic characteristics of participants (age, 
sex, body mass index (BMI), type of PAO), physical im-
pairment measure, length of follow-up and a summary of 
findings were collated. Any discrepancies in data extraction 
were resolved by an independent reviewer (JK). 
Studies were grouped according to design including (i) 

between-group studies (asymptomatic participants or other 
intervention) or (ii) paired-data studies assessing change 
between pre- and post-PAO, and by assessment time-points 
such as 6-months or 12-months post-PAO. If studies used 
a similar outcome at similar timepoints then we performed 
meta-analysis using random effects model. For between-
group results this was done using Review Manager 
(RevMan) (Version 5.4.1 The Cochrane Collaboration, 2020) 
with a SMD and 95% CI for continuous data. For analysis of 
paired-data studies, an SPD was calculated using R statisti-
cal software (version 4.0.4, Metafor package version 3.0-2). 
The SPD and 95% CI were calculated from the sample size, 
mean and standard deviation (SD) of the difference between 
timepoints. SMDs and SPDs of 0.2, 0.5 and 0.8 were inter-
preted as small, moderate and large effect sizes, respec-
tively.32 Subgroup analyses were performed for different 
timepoints. Statistical heterogeneity across the pooled data 
was assessed using an I2 statistic, with 25% considered low, 
50% moderate and 75% as high levels of heterogeneity.33 

Proportions such as hip impingement test data were pooled 
using Jamovi (Version 1.8.1.0) providing mean and 95% CI 
calculations. If SMD or SPD was unable to be calculated due 
to missing information (such as no variance measure), then 
we reported this as not estimable. 
Where individual studies were not sufficiently homoge-

nous to be included in a meta-analysis, a best evidence syn-
thesis was used to provide an overall rating for the body of 
information.34 Grading of the best evidence synthesis was 
completed using previously published criteria.28,35 They 
were graded as strong (≥2 studies with high methodological 
quality and ≥75% agreement of findings), moderate (≥2 
studies including at least one with high methodological 
quality and ≥75% agreement), limited (≥1 low methodolog-
ical quality study, with ≥75% agreement, or one high 
methodological quality study), conflicting (inconsistent 
findings <75% agreement), and no evidence. 
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram            

RESULTS 

The search yielded 5017 titles and abstracts for screening. 
Eighty-one full-text studies were screened, and 57 studies 
were excluded. There were 24 studies included in the final 
analyses. An overview of the study identification process is 
provided in Figure 1. 

METHODOLOGICAL QUALITY 

Supplementary Appendix 1 contains the results of quality 
appraisal using the modified Downs & Black checklist. Ini-
tial agreement between quality assessors was moderate 
(К=0.55).36 The methodological quality scores ranged from 
39%37 to 88%,38 with an overall mean (SD) rating of 72% 
(13.2%). All the included studies clearly described their 
aims or hypothesis. Only five studies (21%) provided char-
acteristics of patients lost to follow-up and four studies 
(17%) stated if the main outcome measures used were valid 
and reliable. 

PARTICIPANTS 

The 24 studies included 2412 participants, with 2190 of 
these participants undergoing PAO surgery. A proportion 
of these participants represent data-points that were pub-
lished on multiple occasions. Sample sizes of the PAO 
groups ranged from nine patients39 to 1051 patients.40 One 
study contained only male participants,38 three studies 
contained only female participants,39,41,42 and the remain-
ing studies contained both males and females. The mean 
ages for patients in the included studies ranged from 16 
years37 to 39 years.39 Ten studies were cohort stud-
ies,7,8,22,23,37,38,43–46 three were case-control studies,47–49 

eight were case series,24,25,39–41,50–52 two were of cross-
sectional design,17,42 and one was a feasibility study.53 

OUTCOME MEASURES 

Ten studies assessed walking, nine assessed the impinge-
ment sign, six measured hip ROM, four assessed strength 
and one study assessed muscle-tendon pain. Study details 
are contained in Supplementary Table 1. Two studies pro-
vided no SD but did provide inter-quartile range scores.47,48 

Using published methods, we approximated SD from the in-
ter-quartile range scores.54 

POOLED OUTCOME DATA 

WALKING 

Two high-quality studies compared biomechanics during 
walking in patients undergoing PAO to asymptomatic par-
ticipants.8,42 Meta-analysis was performed at the pre-op 
timepoint (Figure 2). Peak hip extension angle during walk-
ing was greater in asymptomatic participants (SMD 0.65; 
95%CI 0.21 to 1.10). In one study, this difference remained 
six months post-PAO, but not at 12 months post-PAO.8 Ob-
servational designs were used which means these results 
provide low-level of evidence that asymptomatic partic-
ipants demonstrate increased peak hip extension angle 
when walking compared to patients with DDH undergoing 
PAO. 
The same two studies also showed a higher peak hip ex-

tension moment in asymptomatic participants compared to 
patients undergoing PAO (Figure 3). 
Meta-analysis showed no other differences between 

asymptomatic participants and patients undergoing PAO, 
including walking speed (supplementary Appendix 2), 
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Figure 2. Forest plot comparing peak hip extension angle during walking in those undergoing PAO and               
asymptomatic participants   

Figure 3. Forest plot comparing peak hip extension moment during walking in those undergoing PAO and               
asymptomatic participants   

walking peak hip flexion moment (supplementary Appen-
dix 3) and walking flexion pull-off power (supplementary 
Appendix 4). 

HIP IMPINGEMENT TEST 

Six high-quality studies assessed the anterior hip impinge-
ment test.7,38,44,48,49,51 Prior to PAO, 58% (95% CI: 39% to 
76%) of patients with DDH undergoing PAO had a positive 
hip impingement test (Figure 4). The result remained one 
to three years post-PAO (Figure 5).7,38 However, the propor-
tion of positive impingement test reduced to 17% (11% to 

24%) in patients five or more years after PAO (Figure 6).44,51 

The results provided low-level of evidence that 58% of pa-
tients had a positive impingement test prior to and up to 
one to three years post-PAO with a reduction to 17% >5 
years post-PAO. 

BEST EVIDENCE SYNTHESIS 

WALKING 

When comparing patients pre-operative and 18-months 
post-PAO, Pedersen et al.39 found an increase in walking 
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Figure 4. Forest plot of positive pre-PAO anterior impingement tests in patients with DDH undergoing PAO               

Figure 5. Forest plot of positive anterior impingement tests 1-3 years post PAO in patients with DDH                

Figure 6. Forest plot of positive anterior impingement tests 5+ years post PAO in patients with DDH                

peak joint moment for extension (SPD 0.84; 95%CI 0.08 to 
1.6) and flexion (0.91; 0.14 to 1.69), with no difference in 
peak hip joint extension angle (0.41; -0.27 to 1.09). Similar 
findings were reported by Jacobsen et al.,8 demonstrating 
increased peak hip flexion moment 12 months post-PAO 
compared to pre-PAO. One-year post-PAO, another high-
quality study reported increased walking velocity (0.42; 
0.02 to 0.81) and stride length (0.46; 0.06 to 0.85), with no 

difference in cadence (0.23; -0.15 to 0.61).50 These studies 
provide limited evidence that walking peak hip flexion and 
extension moment improved 18-months post-PAO, also at 
one-year post-PAO, walking velocity and stride length both 
increased, without change in cadence. 

Physical impairments in Adults with Developmental Dysplasia of the Hip (DDH) undergoing Periacetabular osteotomy (PAO): A...

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/38166-physical-impairments-in-adults-with-developmental-dysplasia-of-the-hip-ddh-undergoing-periacetabular-osteotomy-pao-a-systematic-review-and-meta-a/attachment/99484.png?auth_token=DLiYNpjAX5MJvWushr7e
https://ijspt.scholasticahq.com/article/38166-physical-impairments-in-adults-with-developmental-dysplasia-of-the-hip-ddh-undergoing-periacetabular-osteotomy-pao-a-systematic-review-and-meta-a/attachment/99485.png?auth_token=DLiYNpjAX5MJvWushr7e
https://ijspt.scholasticahq.com/article/38166-physical-impairments-in-adults-with-developmental-dysplasia-of-the-hip-ddh-undergoing-periacetabular-osteotomy-pao-a-systematic-review-and-meta-a/attachment/99486.png?auth_token=DLiYNpjAX5MJvWushr7e


HIP RANGE OF MOTION 

HIP FLEXION ROM 

Four high-quality studies investigated pre- to post-PAO 
changes in hip flexion ROM.38,41,48,52 Maldonado et al.52 

found a reduction at minimum five years post-PAO (SPD 
-0.71; 95%CI -1.26 to -0.16), as did Ziebarth et al.55 three 
years post-PAO (-0.5; -0.83 to -0.16). Data from Novais 
et al.41 was not estimable but, also favoured reduced hip 
flexion ROM three years post-PAO, whilst Ricciardi et al.48 

found no difference when comparing pre- to six-month 
post-PAO changes (-0.39; -0.88 to 0.11). These studies pro-
vided limited evidence of reduced hip flexion ROM follow-
ing PAO. 
Two high-quality studies compared hip flexion ROM be-

tween groups of variable DDH depending on their LCEA, 
pre-operatively.40,47 Ricciardi et al.47 found no difference 
in hip flexion between patients with mild and severe DDH 
(SMD -0.09; 95% CI -0.62 to 0.43). When dividing patients 
into three groups (mild, moderate, severe), Fabricant et 
al.40 also found no differences in hip flexion ROM. These 
two studies provide moderate evidence that hip flexion 
ROM is not different in patients with variable degree of 
DDH, as defined by the LCEA. One high-quality study pro-
vided limited evidence that hip flexion ROM was not dif-
ferent between males and females with DDH (0.7; 0.34 to 
1.05).22 

HIP INTERNAL ROTATION ROM 

Four high-quality studies compared hip internal rotation 
ROM pre- and post-PAO.38,41,48,52 Maldonado et al.52 found 
no difference at minimum five years post-PAO (SPD -1.09; 
95%CI -1.71 to 0.47) as did Ricciardi et al.48 at six-months 
post-PAO when measured in flexion (0.04; -0.45 to 0.53) 
and extension (0.2; -0.3 to 0.69). However, three years post-
PAO, Ziebarth et al.38 found less internal rotation ROM 
when measured in flexion (-0.37; -0.7 to -0.04), this was 
also reported by Novais et al.,41 however, data was not es-
timable. These studies provided conflicting evidence that 
hip internal rotation ROM was reduced following PAO. 
Two high-quality studies compared hip internal rotation 

ROM in patients with DDH grouped by their LCEA, pre-
PAO.40,47 Ricciardi et al.47 found no differences between 
patients with mild and severe DDH when internal rotation 
ROM was measured in either flexion (SMD 0.0; 95%CI -0.52 
to 0.52) or extension (0.08; -.63 to 0.48). When dividing pa-
tients into three groups (mild, moderate, severe), Fabricant 
et al.40 found no increased internal rotation ROM in flexion 
in patients with severe compared to moderate DDH (-0.07; 
-0.22 to 0.09). Also, no difference between mild and severe 
or moderate, nor any of the groups when internal rotation 
ROM was measured in extension.40 These two studies pro-
vide conflicting evidence that hip internal rotation ROM is 
different in patients with variable degrees of DDH, as de-
fined by the LCEA. 

HIP EXTERNAL ROTATION ROM 

Three high-quality studies compared hip external rotation 
ROM pre- and post-PAO.41,48,52 Maldonado et al.52 re-
ported a reduction in external rotation ROM at minimum 
five years post-PAO (SPD -0.58; 95% CI -1.11 to -0.05). Six 
months post-PAO, Ricciardi et al.48 found no differences 
when external rotation was measured in flexion (-0.13; 
-0.65 to 0.4) or extension (0.4; -0.96 to 0.16). Data from No-
vais et al.41 was not estimable, however, three years post-
PAO, the results favored an increase in external rotation 
when measured in flexion, and a decrease when measured 
in extension. These studies provided conflicting evidence 
that hip external rotation ROM was changed following PAO. 
Two high-quality studies compared hip external rotation 

ROM between patients pre-PAO surgery grouped depending 
on their LCEA.40,47 Ricciardi et al.47 found no difference 
between people with mild and severe DDH when external 
rotation ROM was measured in either flexion (SMD -0.13; 
95%CI -0.65 to 0.4) or extension (-0.4; -0.96 to 0.16). When 
dividing patients into three groups (mild, moderate, se-
vere), Fabricant et al.40 found reduced external rotation 
ROM when measured in extension in patients with severe 
compared to mild DDH (-0.33; -0.49 to -0.18), and severe 
compared to moderate DDH (-0.20; -0.36 to -0.04). The 
study found no difference between mild and moderate DDH 
when external rotation was measured in extension (-0.13; 
-0.27 to 0.01), or between any of the groups when external 
ROM was measured in flexion. These two studies provided 
conflicting evidence that hip external rotation ROM is dif-
ferent in patients with variable degree of DDH, as defined 
by the LCEA. 

HIP ABDUCTION ROM 

Three high-quality studies compared hip abduction ROM 
pre- and post-PAO.38,41,52 Maldonado et al.52 found no dif-
ference at a minimum five years post-PAO (SPD -1.47; 
95%CI -2.18 to 0.76). Ziebarth et al.38 found a decrease 
in abduction ROM three years post PAO (-0.41; -0.74 to 
-0.08). Data from Novais et al.41 was not estimable but 
favoured a decrease in abduction three years post PAO. 
These studies provided conflicting evidence that hip abduc-
tion ROM changed following PAO. 
Two high-quality studies compared hip abduction ROM 

between groups of variable DDH depending on their LCEA, 
pre-PAO.40,47 Ricciardi et al.47 found no difference between 
patients with mild and severe DDH (SMD -0.27; 95%CI 
-0.81 to 0.26). When dividing patients into three groups 
(mild, moderate, severe), Fabricant et al.40 also found no 
difference in hip abduction ROM. These two studies pro-
vided moderate evidence that hip abduction ROM is not dif-
ferent in those with variable degrees of DDH, as defined by 
the LCEA. 
When dividing patients with DDH into three groups 

(mild, moderate, severe), Fabricant et al.40 found signifi-
cantly increased hip adduction ROM in those with severe 
versus mild DDH (SMD 0.26; 95%CI 0.1 to 0.41). No differ-
ence was found between patients with severe compared to 
moderate DDH (0.12; -0.04 to 0.28) or moderate compared 
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to mild DDH (0.13; -0.01 to 0.27). This study provided lim-
ited evidence that patients with severe DDH had increased 
hip adduction ROM compared to those with mild DDH, as 
defined by the LCEA. 

HIP MUSCLE STRENGTH 

Four studies assessed strength as an outcome mea-
sure.25,37,43,53 Two studies likely used the same cohort of 
patients,25,37 the data from the older study was not es-
timable and therefore only results from the more recent 
study were used.25 De La Rocha et al.43 compared patients 
undergoing PAO who had undergone previous pelvic 
surgery with patients who had not. 
The high-quality study by Sucato et al.25 provided lim-

ited evidence that hip abduction strength was unchanged 
one (SPD 0.07; 95%CI -0.35 to 0.48) and two years post-PAO 
(0.36; -0.07 to 0.79). Another high-quality study by De La 
Rocha et al.43 compared patients undergoing PAO with who 
had other previous pelvic surgery to patients who had not 
had any other previous pelvic surgery. The results of the 
study provided limited evidence that no differences in hip 
abduction strength existed pre-PAO (0.59; -0.19 to 1.38). 
However, six months (0.86; 0.05 to 1.67) and one-year post-
PAO (1.03; 0.02 to 1.85), patients with no previous pelvic 
surgery had higher hip abduction strength compared to pa-
tients with previous pelvic surgery. 
Sucato et al.25 provided limited evidence that there was 

no change in hip flexion strength one-year (SPD -0.22; 
95%CI -0.65 to 0.20) and two years post-PAO compared to 
pre-PAO (0.03; -0.38 to 0.45). De La Rocha et al.43 provided 
limited evidence that compared to patients with previous 
pelvic surgery, patients without previous pelvic surgery (i.e. 
PAO as their first pelvic surgical procedure) were stronger 
in hip flexion pre-PAO (1.03; 0.21 to 1.86) and one-year 
post-PAO (1.04; 0.22 to 1.87), but not six months post-PAO 
(0.7; -0.1 to 1.49). 
Mortensen et al.53 compared strength in affected and 

non-affected limbs pre-PAO, isometrically and isokineti-
cally (concentric and eccentric) in hip flexion and exten-
sion. No differences were found isometrically (SMD -0.07; 
95% -0.76 to 0.62), concentrically (-0.14; 0.84 to 0.57) or 
eccentrically (-0.07; -0.78 to 0.63). The authors also com-
pared hip extension strength in affected with non-affected 
limbs.53 No differences were found isometrically (-0.25; 
-0.95 to 0.44), concentrically (0.13; 0.57 to 0.84) or eccen-
trically (-0.03; -0.74 to 0.67) between limbs. This study pro-
vides limited evidence of no differences in hip extension 
strength between affected and non-affected limb in pa-
tients pre-PAO. 

HIP MUSCLE-TENDON PAIN 

In one high-quality study by Jacobsen et al.,7 muscle-ten-
don pain in the hip and groin region was assessed clinically 
pre- and one-year post-PAO. Iliopsoas- (SPD -32%; 95%CI 
-46 to -17%) and abductor-related pain (-22%; -36% to -8%) 
decreased from pre- to post-PAO. No changes were found 
for adductor- (-5%; -16% to 6%), hamstring- (-5%; -12% 
to 2%) or rectus-abdominus-related pain (-4%; -9% to 2%). 

This study provided limited evidence that iliopsoas- and 
abductor-related pain decreased one-year post-PAO. 

FUNCTIONAL TASKS 

Scott et al.17 found better performance in functional tasks 
in asymptomatic participants compared to symptomatic 
patients undergoing PAO. This study provided limited evi-
dence that asymptomatic participants were faster in timed 
stair ascent (SMD -1.44; 95%CI -2.11 to -0.78), five sit-
to-stands (-1.33;-1.98 to -0.68) and four-square step test 
(-0.64; -1.24 to -0.04), compared to patients undergoing 
PAO for DDH. 

RUNNING 

One high-quality study by Jacobsen et al.8 provided limited 
evidence comparing running in patients undergoing PAO 
with asymptomatic participants. Asymptomatic partici-
pants ran faster (SMD -0.57; 95%CI -1.10 to -0.03) and had 
higher peak hip joint extension moment (-0.58; -1.12 to 
-0.05), but no differences existed for peak hip joint exten-
sion angle (-0.31; -0.84 to 0.22) and peak hip joint flexion 
moment (-0.74; -1.0 to 0.07). 

DISCUSSION 

This systematic review aimed to investigate physical im-
pairments in adults undergoing PAO for DDH. Prior to PAO, 
there was low level of evidence that people with DDH had 
(i) reduced peak hip extension angle, (ii) reduced peak hip 
extension moment, and (iii) reduced peak hip flexion mo-
ment, during walking, compared to asymptomatic partic-
ipants. One year following PAO there were no longer dif-
ferences in walking between the groups. A positive hip 
impingement test was found in 58% of patients with DDH 
both pre-operatively and at 1-3 years post-PAO, then from 
5-years onwards this reduced to 17%. Best evidence synthe-
sis of non-pooled data revealed limited evidence of reduced 
hip flexion ROM, but conflicting evidence for internal and 
external rotation ROM, following PAO. There was limited 
evidence demonstrating no change in hip abduction or hip 
flexion strength following PAO. There was also limited ev-
idence to support poorer running and functional task per-
formance in symptomatic patients undergoing PAO com-
pared to asymptomatic participants. 
Limited evidence was found that patients with DDH walk 

faster, with a longer stride length 12-18 months post-PAO 
compared to pre-PAO, with larger peak hip joint extension 
and flexion moments. Clinically, reduced peak hip exten-
sion angle during walking pre-PAO likely reflects an avoid-
ance of terminal extension, which appears to be restored 
post-operatively. Compared to asymptomatic participants, 
patients undergoing PAO did not run as fast and had a re-
duced peak hip extension moment in running. These find-
ings suggest adaptations occur in people with DDH in both 
walking and running, seen as reduced speed, hip extension 
angle, and hip extension and flexion moments. Reduced an-
terior acetabular coverage commonly associated with DDH 
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may contribute to less stability and/or apprehension when 
the hip moves into end range extension.56 These adapta-
tions may represent an attempt to minimize apprehension 
by generating less force through the hip joint42 and/or re-
duce stress on painful anterior structures. Painful struc-
tures could include the iliopsoas muscle which sits imme-
diately anteriorly to the hip joint and has been found to be 
painful in almost half of people with DDH pre-PAO7 and/
or the anterosuperior aspect of the hip capsule and labrum 
which have been found to have dense nociceptive inner-
vation.57 Future studies need to confirm whether these 
changes can be modified, and whether improvements in 
these impairments are related to improvements in pain and 
the progression to hip OA and total hip joint replacement. 
This systematic review examined clinical outcomes in-

cluding hip muscle strength, hip joint ROM, and functional 
performance. People with DDH are commonly considered 
to have increased hip joint ROM.58 The finding that hip 
flexion ROM is reduced following PAO is likely the result 
of improved femoral head coverage by the acetabulum. Hip 
muscle strength was found not to change following PAO, 
despite improvements in walking. In contrast, the results of 
a recent study (published after our data collection) showed 
improved isometric hip flexion and abduction strength one-
year post-PAO compared to pre-PAO in 82 patients with 
DDH.59 The variation in findings may exist due to the low 
power of included studies, as the study populations were 
below 30 patients,25,53,60 whereas paired analyses were 
done in 82 patients with DDH in the study by Jacobsen.59 

Also, of relevance, an included study in this systematic re-
view, showed that strength increases in pre-PAO patients 
with a resistance training program.53 This study found that 
progressive resistance training was safe and feasible in pa-
tients with DDH, and may improve pain, strength, and 
functional performance. A resistance training program is 
likely advantageous both before and after PAO, but further 
research is required in this space and should also compare 
the effect of PAO versus a resistance training program on 
hip strength in patients with DDH. 
The hip anterior impingement test is also commonly 

known as the Flexion, Adduction, Internal Rotation (FAD-
DIR or FADIR) test. The FADIR test is widely known as part 
of the criteria for diagnosing femoroacetabular impinge-
ment syndrome (FAIS),61 and a positive test may commonly 
lead a clinician toward this diagnosis in a young adult with 
hip pain. Our findings show that patients undergoing PAO 
for DDH have a positive ‘impingement’ test more often than 
not. Inaccurate and delayed diagnosis are common in those 
with DDH,62 and clinicians should recognize this as a com-
mon impairment finding in those with DDH. 
Preliminary evidence from De La Rocha43 shows poorer 

hip abduction and hip flexion strength post-PAO in those 
who have had previous pelvic surgery, compared to those 
who have not had previous pelvic surgery. Performing a 

PAO for a patient who has residual DDH following previous 
pelvic surgery may be more difficult due to scarring from 
initial surgery and distorted anatomy.63 Patients with pre-
vious pelvic surgery undergoing PAO may not experience 
the same level of improvement as those without, modifying 
expectations in these patients may be warranted. 

LIMITATIONS 

This review has several limitations. There were no ran-
domised controlled trials, and a large proportion of in-
cluded studies were retrospective in design. This has poten-
tial for introducing selection, detection, and performance 
bias. Many included studies did not provide characteristics 
of patients lost to follow-up or report on the validity and 
reliability of the outcomes used. There was significant vari-
ability in the post-operative assessment timepoints, and 
the type of outcomes measures used which limited oppor-
tunities to perform meta-analysis. The above factors made 
it impossible to obtain findings with ‘high’ level evidence 
and certainty ratings. Prospective longitudinal cohort stud-
ies are vital to better understand what causes physical im-
pairments in those with DDH undergoing PAO. 
This review did not explore whether impairments seen 

post-PAO were related to common surgical complications 
that might impede physical performance, such as delayed 
bony union or neuropraxias. Future research should exam-
ine these outcomes, and their potential on physical perfor-
mance post-PAO. This review also only investigated phys-
ical impairments in those who were awaiting, or had 
undergone, PAO surgery. Exploring outcomes in those with 
DDH who are not at this point, potentially earlier in the dis-
ease progression, should also be a focus of future research. 

CONCLUSION 

Prior to PAO, patients with DDH demonstrate physical im-
pairments during walking, which improved from one-year 
after PAO. The majority of patients with DDH had a positive 
hip impingement test (58%) prior to PAO, and initially after 
PAO, this drops to 17% from 5-years onwards. Hip abduc-
tion and flexion strength did not change pre- to post-PAO. 
Clinicians should be aware that patients with DDH have 
physical impairments that should be considered pre- and 
post-PAO. 
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Background  
Treatment of acetabular dysplasia with a periacetabular osteotomy (PAO) has been shown 
to improve long term outcomes and is considered the gold standard in the setting of 
symptomatic hip dysplasia in patients younger than 35 years of age. Post-operative 
rehabilitation following a PAO plays an important role in helping patients return to their 
prior level of function and reduce the impact of strength deficits that may persist. 
Currently, there is a paucity of research supporting post-operative rehabilitation 
guidelines. The purpose of this study is to present expert-driven rehabilitation guidelines 
to reduce practice variation following a PAO. 

Methods  
A panel of 16 physiotherapists from across the United States and Canada who were 
identified as experts in PAO rehabilitation by high-volume hip preservation surgeons 
participated in this Delphi study. Panelists were presented with 11 questions pertaining 
to rehabilitation guidelines following a PAO. Three iterative survey rounds were 
presented to the panelists based on responses to these questions. This three-step Delphi 
method was utilized to establish consensus on post-operative rehabilitation guidelines 
following a PAO. 

Results  
Total (100%) participation was achieved for all three survey rounds. Consensus (>75%) 
was reached for 11/11 questions pertaining to the following areas: 1) weight-bearing and 
range of motion (ROM) precautions, 2) therapeutic exercise prescription including 
neuromuscular control, cardiovascular exercise, and flexibility, and 3) objective measures 
for return to straight line running and return to full participation in sports. 

Conclusion  
This Delphi study established expert-driven rehabilitation guidelines for use following a 
PAO. The standardization of rehabilitative care following PAO is essential for achieving 
optimal outcomes despite other factors such as geographical location and socioeconomic 
status. Further research on patient-reported outcomes is necessary to confirm successful 
rehabilitation following the guidelines outlined in this study. 
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BACKGROUND 

Acetabular dysplasia, defined as a bony abnormality of the 
acetabulum with abnormal coverage of the femoral head, 
is a well-recognized cause of hip pain in young adults.1,2 

This structural abnormality leads to a decrease in contact 
area of the hip, excessive wear on the articular cartilage, 
and degenerative changes of the acetabular labrum.3–5 Ac-
etabular dysplasia can lead to severe pain, disability, and 
early onset arthritis without appropriate management.6,7 

Treatment of acetabular dysplasia with a periacetabular os-
teotomy (PAO) has been shown to improve long-term out-
comes and is considered the gold standard for symptomatic 
hip dysplasia.8–11 Although post-operative rehabilitation is 
important to help patients return to prior level of function, 
there a paucity of research supporting post-operative reha-
bilitation guidelines following a PAO. 

Inadequate rehabilitation after PAO may lead to poor 
outcomes, which may include prolonged impairments in 
hip strength. It is well accepted that adequate strength of 
the lumbopelvic stabilizers is necessary to provide stability 
to the hip joint and maintain appropriate pelvic position-
ing during weight-bearing tasks.12,13 While improvements 
in isometric hip flexion and abduction are observed at one 
year following a PAO, strength values were shown to remain 
13-34% lower than that of healthy controls.14 Other stud-
ies have reported similar improvements in hip abductor, hip 
flexor, and hip extensor strength values one year follow-
ing a PAO when compared to pre-operative values, but no 
comparison was done to healthy controls.15,16 Prolonged 
impairments in hip strength may lead to decreased perfor-
mance on functional tasks as hip abductor weakness is as-
sociated with impaired hip kinematics during a single-leg 
squat task when compared to healthy controls.17 

Understanding important rehabilitation parameters, in-
cluding early weight-bearing and range of motion (ROM) 
precautions, exercise progression throughout recovery, and 
metrics for clearance to return-to-run and return-to-sport, 
is crucial to maximize patient recovery following a PAO. 
The purpose of this study is to present expert-driven reha-
bilitation guidelines to reduce practice variation following 
a PAO. 

METHODS 
DELPHI PANEL 

The expert panel in PAO rehabilitation consisted of sixteen 
physiotherapists who were purposefully sampled from ge-
ographically different institutions spread throughout the 
United States and Canada. Participants were selected based 
on multiple criteria, including (1) treating at least 10 pa-
tients following PAO per year, (2) identified by high-volume 
hip preservation surgeons as an expert in the rehabilitation 
of PAO patients, and/or (3) experts in rehabilitation of non-
arthritic hip disorders. All members consented to partic-
ipate in this IRB exempted study, and participants were 
blinded to each other for the entire duration of the study. 

DELPHI STRUCTURE AND DATA COLLECTION 

A three-step classic Delphi method was used to establish 
consensus techniques in the diagnostic evaluation of pe-
diatric ACL injuries.18 Consensus was defined a priori as 
≥75%, which is moderate per standard Delphi methods to 
account for expected variation in a content area with little 
available evidence.19 Definitions of consensus level are 
commonly based on accepted standards such as voting per-
centages (simple majority, two-thirds majority, absolute 
majority) and a supermajority was deteremine most appro-
priate for this study.19 This study had the dual objective of 
achieving consensus and, equally importantly, understand-
ing areas where consensus could not be reached and rea-
sons for disagreement. 

Panelists were presented with three iterative rounds of 
surveys. Questionnaires for rounds one through three were 
distributed online via an emailed link with responses de-
identified for analysis. For each survey round, analysis of 
the participants’ responses was completed by two study 
members (AD and KE). Any disagreements were resolved by 
a third team member (MM). 

In the first survey round, panelists were presented with 
eleven free-response questions regarding their physical re-
habilitation practice: 

Panelists provided detailed descriptions of treatment pa-
rameters for each question. Responses were collected and 
coded for common thematic content. Responses reported 
by ≥50% of panelists were considered modal, while re-
sponses reported by ≥25% of panelists formed a second tier 
of responses. 

In round two, panelists were presented the original 
questions along with the modal response derived from the 

1. What weight-bearing precautions do you use? What 
objective measures do you use to discharge crutches? 

2. What range of motion precautions do you utilize 
postoperatively? How long do you follow these pre-
cautions? When do you expect the patient to achieve 
full range of motion? 

3. How do you begin to rehabilitate the hip flexor com-
plex? When do you begin to rehabilitate the hip flexor 
complex? 

4. Do you limit active long lever hip flexion? If so, how 
long? 

5. What exercises do you utilize to improve lower ex-
tremity lumbopelvic control? 

6. What exercises do you utilize to strengthen the glu-
teus medius? What exercises do you avoid when 
strengthening the gluteus medius? 

7. What exercises do you utilize to facilitate lum-
bopelvic neuromuscular control? When do you begin 
these exercises? 

8. When do you initiate end range stretching? 
9. When do you begin low level cardiovascular exercise? 

(ie. upright stationary biking and elliptical) 
10. What objective measures do you utilize to determine 

if a patient is ready to begin running? 
11. What criteria do you utilize to determine if a patient 

is ready to return to full participation in sports? 
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first round of responses. Panelists were asked to agree or 
disagree with the modal response, and those who disagreed 
were allowed to add or subtract items. The second-tier re-
sponses were included as potential additions, but free text 
addition was also permitted. Resulting responses were 
again coded for thematic content and modal responses were 
adjusted as appropriate. 

In round three, panelists again received ten of the eleven 
questions with revised modal and second-tier responses. 
Similar to round two, panelists were asked to agree or dis-
agree with the modal response, and those who disagreed 
were allowed to add or detract items. Disagreement 
prompted a free-response box for the panelist to explicitly 
detail their disagreement. Analysis of the third-round data 
provided concepts for which consensus had been gained as 
well as rationale for disagreement. 

RESULTS 

The expert panel in this study consisted of sixteen phys-
iotherapists who were identified as an expert in PAO reha-
bilitation. Overall, 100% participation was achieved with all 
sixteen therapists completing all three Delphi rounds. The 
expert panel received eleven questions covering a variety of 
topics related to rehabilitation following a PAO, and 100% 
consensus was achieved for all topics of interest by the third 
Delphi round. 

WEIGHT-BEARING PRECAUTIONS 

For weight-bearing precautions that should be utilized im-
mediately following a PAO, 15/16 (94%) panelists agreed 
that weight-bearing should be limited to 25%, foot-flat 
weight-bearing for 6-8 weeks. It was noted that concomi-
tant procedures, such as hip arthroscopy or microfracture, 
may prolong these recommendations. 

DISCHARGING CRUTCHES 

For objective measures to discharge crutches after 6-8 
weeks of protected weight-bearing, 16/16 (100%) panelists 
agreed that observed gait deviations and surgeon clearance 
should be utilized. Examples of gait deviations listed in the 
question included Trendelenburg gait, abductor lurch, and 
antalgic gait. 

ROM PRECAUTIONS 

For ROM precautions immediately following a PAO, 13/16 
(81%) panelists agreed that flexion should be limited to 90 
degrees and external rotation limited to 20 degrees in 90 
degrees of flexion. The 13 panelists agreed that these pre-
cautions should be maintained for 4-6 weeks. It was noted 
that concomitant procedures, such as hip arthroscopy or 
microfracture, may prolong or alter these recommenda-
tions to include limitations in hip extension and hip inter-
nal rotation. 

Two dissenting panelists had different points of con-
tention. One panelist felt that flexion should be limited to 
70 degrees for three weeks, and then limited to 90 degrees 

for the following week along with avoidance of rotation of 
the femur in flexion and avoidance of hip extension un-
til the fourth week. The second panelist stated that there 
should be no flexion past 90 degrees and no external rota-
tion in any range. For achieving full ROM following an iso-
lated PAO, 16/16 (100%) panelists agreed that the patient 
should achieve full hip ROM by 12-16 weeks (3-4 months). 

For the initiation of end range stretching, 15/16 (94%) 
panelists agreed that it can begin somewhere between 8-12 
weeks post-operatively as tolerated. The one dissenting 
panelist stated that it should only occur as needed after 16 
weeks post-operatively. 

PROTECTION OF THE HIP FLEXOR COMPLEX 

For rehabilitation of the hip flexor complex following a 
PAO, 16/16 (100%) panelists agreed to the general protocol: 

LUMBOPELVIC AND POSTERIOR-LATERAL HIP 
STRENGTHENING 

For the initiation of lumbopelvic control following a PAO, 
16/16 (100%) panelists agreed that a core progression 
should include supine and quadruped activities. 

For strengthening of the gluteus medius following a 
PAO, 15/16 (94%) panelists agreed to the general guide-
lines: 

The dissenting panelist stated that strengthening of the 
gluteus medius should begin with isometric strength exer-
cises, followed by functional movements, then progress to 
weight-bearing exercises. 

LUMBOPELVIC AND LOWER EXTREMITY 
NEUROMUSCULAR CONTROL 

For improving lower extremity neuromuscular control fol-
lowing a PAO, 14/16 (88%) panelists agreed to the general 
guidelines: 

1. Long lever active hip flexion in supine should be lim-
ited for 8-12 weeks following an isolated PAO. 

2. Initiation of therapeutic exercise targeting the hip 
flexor complex should begin between 4-8 weeks as 
tolerated by pain. 

3. Active assistive ROM (AAROM), heel slides, and/or 
isometrics should be utilized to initiate rehabilitation 
of hip flexor complex, progressing as tolerated 

1. In general, gluteus medius strengthening should be-
gin with isometrics progressing to non-weight bear-
ing (NWB) progressive resistance exercises followed 
by double and single leg weight bearing exercises. 
Other positions and different lever arms can be uti-
lized to progress strengthening exercises. 

2. Exercises that increase anterior hip activation/pain 
(ie. hip flexor and tensor fascia lata compensation) 
should be avoided when beginning gluteus med 
strengthening. 

1. Double and single leg exercises in the closed chain 
challenging frontal plane control and femoral IR con-
trol (valgus). 
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Only one of the dissenting panelists provided a retort, 
stating initiation of lower extremity neuromuscular control 
should begin in passive weight-bearing positions, such as 
quadruped or tall kneeling prior to double or single leg. 

RETURN TO SPORT CRITERIA 

For beginning low level cardiovascular exercise following a 
PAO, 13/16 (81%) panelists agreed to the general guidelines 
that patients may begin upright stationary biking 6-8 weeks 
post-operatively and begin using an elliptical by 10-12 
weeks. Only two of the three dissenting panelists elabo-
rated on their disagreement. One of the panelists stated 
that stationary biking may begin at two weeks with no re-
sistance, followed by walking in the pool at four weeks. The 
other panelist stated that stationary biking may begin at 
two weeks maintaining 90-degree flexion precautions, and 
the elliptical may begin when the patient is walking nor-
mally, progressing through strength exercises, and can bike 
for 30 minutes. 

For objective measures to begin a running progression, 
14/16 (88%) panelists agreed to the general guidelines: 

The two dissenting panelists agreed to the above guide-
lines but thought that quad/hamstring strength and sur-
geon clearance with radiographic support were needed to 
progress to running as well. 

For objective criteria required to return to sport, 16/16 
(100%) panelists agreed to the guidelines: 

DISCUSSION 

This Delphi study was performed to establish consensus 
among physiotherapy experts for post-operative rehabilita-
tion guidelines following a PAO. No studies currently exist 
supporting specific weight-bearing and ROM precautions, 
therapeutic exercise prescription, or metrics for clearance 
to return-run and return-to-sport. Therefore, the Delphi 
method was utilized to generate expert opinion in a content 
area where evidence is lacking. Across all three rounds of 
this study, 100% participation was achieved from the 16 
physiotherapists and consensus was achieved across all do-
mains. These post-operative guidelines may reduce un-
wanted practice variation and help patients achieve more 
normal hip strength values to maximize functional poten-

tial and minimize reinjury risk. A summary of recommen-
dations can be found in Table 1. 

WEIGHT-BEARING PRECAUTIONS 

Consensus Point: Patients should ambulate with 25% foot-flat 
weight-bearing through the affected lower extremity for 6-8 
weeks following a PAO. Crutches can be discharged after radi-
ographic evidence of bony healing and a normalized gait pat-
tern. 

In the immediate post-operative phase, modified weight-
bearing is utilized to allow for bony healing. Post-operative 
stress fractures have been reported as a complication in the 
literature with an incidence between 2-18.4%.20–22 Early 
weight-bearing, pubic non-union, a larger preoperative de-
formity, advanced age, and a higher post-operative center-
edge angle have been identified as possible factors for de-
veloping a stress fracture following a PAO. Ito et al.23 

reported a higher incidence of postoperative fractures of 
the ischial ramus and posterior column with full weight-
bearing immediately following surgery compared to two 
months of modified weight-bearing. In a normal pelvis, 
load transfer is higher through the superior pubic ramus as 
compared to the inferior pubic ramus. However, following a 
PAO, increased load transfer occurs through the inferior pu-
bic ramus, ischium, and posterior column.24 These changes 
in load transmission patterns increase stress and strain 
through these bony structures and potentially result in a 
post-operative stress fracture. Therefore, modified weight-
bearing in the early post-operative phase is indicated. The 
current results are consistent with these recommendations 
as 15/16 participants recommend 25% foot-flat weight-
bearing until 6-8 weeks at which point weight-bearing can 
be progressed only if the patient demonstrates radiographic 
evidence of bony healing and a normalized gait pattern. 
It was noted that concomitant procedures, such as hip 
arthroscopy or microfracture, may prolong these recom-
mendations to protect the healing capsuloligamentous 
structures and joint cartilage. 

RANGE OF MOTION PRECAUTIONS 

Consensus Point: Hip flexion and external rotation ROM 
should be protected for 4-6 weeks followed by progressive, 
pain-free restoration of ROM. End range stretching can be ini-
tiated between 8-12 weeks as tolerated with full ROM achieved 
by 12-16 weeks post-operatively. 

Restoration of hip range of motion is essential to allow 
for participation in both daily and recreational activities. 
Similar to a hip arthroscopy, end ranges of motion should 
be protected in the early post-operative period. This in-
cludes end range flexion, which approximates the femur 
and the acetabulum, and hip external rotation, which 
stresses the anterior hip capsule. After a period of protected 
motion allowing for a reduction in inflammation and bony 
healing, a gradual approach to improving range of motion 
is essential to limit joint irritation. Consensus regarding all 
passive and active ROM precautions was achieved as pan-
elists agreed that hip flexion and external rotation ROM 
should be limited for 4-6 weeks, with normal passive hip 

2. These exercises can begin in NWB as the patient tol-
erates and should progress to WB at six weeks or im-
mediately after the patient is cleared for WB. 

1. Normalized hip strength (with a focus on glute med 
and ER strength) 

2. Performance on functional tasks (SL squat, Y-Bal-
ance, etc) 

1. Involved: uninvolved hip abductor strength ratio of 
>80%. 

2. Performance on functional tasks (single leg squat, Y-
balance). 

3. Performance on sport specific drills chosen based on 
patient specific demands 
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Table 1. Summary of rehabilitation guidelines for use following a periacetabular osteotomy (PAO)            

PAO Rehabilitation Guidelines 

Phase I: Immediate Post-Operative Phase 
Weeks 1-4 

Goals: 
Protect healing tissues and osteotomy sites 

Reduce post-operative pain and inflammation 

Normalize gait pattern with appropriate assistive device 

Precautions: 
Weightbearing: Foot flat weight bearing 25% body 
weight 

Range of Motion: 
Hip flexion limited to 90° 
Hip external rotation limited to 20° 

Active long lever hip flexion contraindicated until 8-12 

Therapeutic Interventions: 
Ankle pumps and submaximal hip isometric exercises 

Cryotherapy and compression for inflammation and edema control 

Goals: 
Gentle progression of ROM 

Continue protecting healing osteotomy sites 

Limit irritation of surrounding soft tissues with increasing activity 

Precautions: 
Weightbearing: Foot flat weight bearing 25% body 
weight 

Range of Motion: 
Hip flexion limited to 90° 
Hip external rotation limited to 20° 

Active long lever hip flexion contraindicated until week 
8-12 

Physical Therapy: 
Submaximal isometrics in all directions 

Gradual loading of iliopsoas tendon is critical to avoid tendonitis 

Short lever A/AAROM 

Lumbopelvic neuromuscular control exercises in supine 

Phase III: Initial Strengthening Phase 
Weeks 6-12 

Goals: 
Near full, symmetrical ROM 

Improve hip and core strength and neuromuscular control 

Gradual WB progression (normalized gait pattern and physician 
clearance required for discharging assistive device) 

Precautions: 
Monitor for symptoms of intra- and extra-articular 
irritation with exercise and WB progression 

Avoid premature weaning from assistive device 

Active long lever hip flexion contraindicated until week 
8-12 

Physical Therapy: 
Gradual progression of functional ROM 

Introduce upright stationary bike between 6-8 weeks 

Introduce elliptical between 10-12 weeks as tolerated 

Introduce stretching progression between 8-12 weeks 

Initiate closed chain strengthening progression 

Progress lumbopelvic stabilization and postural control exercises 

Phase IV: Advanced Strengthening Phase 
Weeks 12-20 

Goals: 
Increase muscular and cardiovascular endurance 

Begin to re-establish neuromuscular control for sport-specific activity 

Precautions: 
Avoid provocation of symptoms with progression of 
exercise 

Phase II: Early Post-Operative Phase 
Weeks 4-6 
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PAO Rehabilitation Guidelines 

No running, jumping, hopping, or cutting/pivoting 

Physical Therapy: 
Progress multi-directional hip and LE strengthening 

Progress to end range strengthening with emphasis on dynamic control of lower extremity and pelvis 

Core stability progression to meet demands of sport 

Phase V: Return to Low Level Impact 
(Weeks 20-26) 

Goals: 
Tolerance of running and straight plane agility drills with appropriate 
lumbopelvic and lower extremity control 

Precautions: 
Avoid provocation of symptoms with progression of 
exercise 

No jumping, hopping, cutting/pivoting 

Physical Therapy: 
Initiate running and agility progressions with emphasis on dynamic control of pelvis and lower extremity 

Continue high level strength and control exercises with emphasis on pelvis and lower extremity musculature 

Phase V: Return to Full Participation in Sports 
(Weeks 26+) 

Goals: 
Tolerance of jumping, hopping, cutting/pivoting drills with 
appropriate lumbopelvic and lower extremity control 

Return to full participation in sports 

Precautions: 
Avoid provocation of symptoms with progression of 
exercise 

Physical Therapy: 
Initiate jumping and hopping progression with emphasis on dynamic control of lower extremity and pelvis 

Sport specific cutting and pivoting drills with emphasis on dynamic control of lower extremity and pelvis 

motion being achieved by 12-16 weeks. Panelists agreed the 
upright stationary bike can be initiated between 6-8 weeks 
and the elliptical trainer between 10-12 weeks to facilitate 
early-stage passive range of motion as well as cardiovas-
cular endurance. In the setting of concomitant procedures, 
such as a hip arthroscopy, panelists indicated that ROM 
precautions may be altered to include extension or internal 
rotation to further protect healing soft tissue structures. 

PROTECTION OF THE HIP FLEXOR COMPLEX 

Consensus Point: Progressive loading of the hip flexor com-
plex should be done cautiously, with isometrics and short-
lever active assistive hip flexion exercises beginning between 
4-8 weeks as indicated by pain. Long-lever active hip flexion 
should be avoided for 8-12 weeks following a PAO. 

The iliopsoas courses directly anterior to the femoral 
head and acts as a secondary stabilizer to the hip joint.25 In 
the setting of hip dysplasia, the iliopsoas may overcompen-
sate for the lack of bony stability and result in tendinous 
overload, inflammation, and pain.26,27 Furthermore, anec-
dotal evidence has linked weakness of the gluteus medius, 
which is a common finding in patients with dysplasia and a 
consequence of a PAO, to iliopsoas tendinitis.28 Following a 
PAO, the iliopsoas can impinge on the pubic osteotomy fur-
ther predisposing these patients to hip flexor irritation.29 

Extreme care should be taken to avoid additional hip flexor 
irritation in the early post-operative phase and therefore 
toe touch weight-bearing or non-weight-bearing during 

gait should be avoided. Instead, patients should ambulate 
with a foot-flat gait pattern to reduce activity of the iliop-
soas. Progressive isometrics and short lever active assistive 
hip flexion exercises are recommended at 4-8 weeks to pro-
gressively load the iliopsoas tendon while all long lever hip 
flexion activities should be avoided for 8-12 weeks post-op-
eratively. Recommended exercises to progressively load the 
hip flexor can be found in Figure 1. Additionally, strength-
ening exercises for the gluteus medius that also activate 
the anterior hip should be avoided, especially in the set-
ting of iliopsoas pain. Philippon et al.28 reported sidelying 
hip abduction in external rotation and the clamshell ex-
ercises demonstrated considerable EMG activation of hip 
flexor. These findings support a recommendation that these 
exercises should be avoided or prescribed with caution in 
the presence of anterior hip pain. 

LUMBOPELVIC AND POSTERIOR-LATERAL HIP 
STRENGTHENING 

Consensus Statement: Lumbopelvic strengthening should be-
gin in the early post-operative phase in non-weight-bearing 
and progress to double and single leg weightbearing exercises 
as tolerated. 

The relationship with lumbopelvic and posterior-lateral 
hip muscle function to lower extremity injury has been 
demonstrated in the literature.30–35 One-year following 
PAO, patients demonstrate improvements in isometric hip 
flexion and abduction strength, however, these values were 
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Figure 1. Progressive loading of the iliopsoas including       
a) heel slides, b) physioball hip flexion, and c)          
isometric hip flexion in sitting      

shown to remain 13-34% lower than that of healthy con-
trols.14 Other studies have reported similar improvements 
hip abductor, hip flexor, and hip extensor strength values 
one year following a PAO when compared to pre-operative 
values, but no comparison was done to healthy con-
trols.15,16 Additionally, it has been well established that 
females exhibit less hip strength, particularly in their hip 
abductors and external rotators, compared to males.33,36 

Given that hip dysplasia is more prevalent in females and 
lumbopelvic strength lags post-operatively, extensive lum-
bopelvic strengthening is crucial for improving hip joint 
mechanics and maximizing outcome. Snyder et al.37 re-
ported a strengthening program targeted at the hip ab-
ductors and external rotators altered lower extremity joint 
loading. In patients with hip dysplasia, strengthening of 
the hip abductors was shown to reduce dynamic instability 
during ambulation.38 Without normalization of strength, 
muscle imbalances in the hip and core can lead to altered 
force couple relationships and faulty joint arthrokinemat-
ics.39,40 

A graded approach to therapeutic exercise allows for im-
provements in strength while minimizing musculotendi-
nous overload and joint irritation. This is an important con-
cept following a PAO as the reorientation of the acetabulum 
affects the torque-generating capacities of the surrounding 
musculature which could may affect muscle strength and 
activation.41,42 Panelist consensus indicated that strength-
ening of the core muscles and gluteus medius should begin 
with non-weight-bearing isometrics and progress to single 
leg weight-bearing exercise as tolerated. The gluteus 
medius has been shown to demonstrate high EMG values 
in a single leg stance position.43,44 Therefore, when ap-
propriate, exercises performed in a single-leg stance posi-
tion should be a focus of post-operative rehabilitation to 
increase hip abductor strength. Recommended lumbopelvic 
strengthening exercises can be found in Figures 2 and 3. 

LUMBOPELVIC AND LOWER EXTREMITY 
NEUROMUSCULAR CONTROL 

Consensus Statement: Lumbopelvic neuromuscular control 
exercises should begin in non-weight-bearing in the early post-

operative phase with progression to weight-bearing exercises 
at 6-8 weeks or immediately after the patient is cleared for 
weight-bearing. In weight-bearing, exercises should consist of 
double and single leg exercises challenging frontal plane and 
femoral internal rotation control. 

Neuromusuclar control training is utilized to improve 
functional performance, lower extremity biomechanics, and 
muscle activation patterns. Decreased neuromuscular con-
trol of the lumbopelvic region leads to uncontrolled trunk 
movement and lower extremity valgus, increasing the risk 
of lower extremity injury.45,46 During landing and pivoting 
movements, females demonstrate increased lower extrem-
ity valgus resulting in increased load through the lower ex-
tremity.47–51 The gluteus medius, gluteus maximus, and 
deep external rotators are responsible for maintaining sta-
bility of the pelvis in the closed chain while the core is re-
sponsible for providing a stable base for force transfer be-
tween the trunk and the lower extremity.39,52–56 The goal 
of rehabilitation is to improve dynamic stabilization of the 
hip, especially during single-leg weight-bearing tasks when 
loads within the hip are the highest.12,13,57 Myer et al.58 re-
ported a 15% increase in hip abduction strength in healthy 
individuals with a 10-week targeted neuromuscular control 
training compared to no increase in strength in the control 
group. Similarly, Hewett et al.59 reported a significant im-
provement in hip external rotation moments and moment 
impulses, increased peak trunk flexion, and decreased peak 
trunk extension following a 10-week targeted neuromuscu-
lar control training program. 

Panelists agreed that an emphasis should be placed on 
lumbopelvic and lower extremity neuromuscular control 
beginning in the immediate post-operative phase. Early ed-
ucation on the importance of the transversus abdomonis, 
which contributes to spinal stability during weight-bearing 
tasks, will set the foundation for appropriate lumbopelvic 
control for the later stages of recovery.60,61 These exercises 
should begin in supine during the immediate post-oper-
ative phase progressing to quadruped, tall-kneeling, and 
double and single leg stance as indicated. Recommended 
lumbopelvic and lower extremity neuromuscular control 
exercises can be found in Figure 4. 

RETURN TO SPORT CRITERIA 

Consensus Statement: The upright stationary bike can be ini-
tiated between 6-8 weeks and the elliptical trainer between 
10-12 weeks to facilitate early-stage cardiovascular en-
durance, as well as passive range of motion of the hip. Pan-
elists recommend utilizing a combination of strength, en-
durance, and functional performance measures during return 
to play testing, including but not limited to hip abductor to 
adductor strength ratios, the Y-Balance test, and various hop 
tests. 

Return to sport is a goal of many patients undergoing a 
PAO, as these patients tend to be young, active individuals. 
Heyworth et al.62 found 80% of patients undergoing PAO 
procedures returned to play at a median of nine months 
post operatively with increased pain being the only inde-
pendent predictor of delayed return. Of these patients, 73% 
returned to their previous level of sport. Takahashi et al.63 

Rehabilitation Guidelines for Use Following a Periacetabular Osteotomy (PAO): A North American Based Delphi Consensus

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/38043-rehabilitation-guidelines-for-use-following-a-periacetabular-osteotomy-pao-a-north-american-based-delphi-consensus/attachment/98597.png?auth_token=NaWWUlC7QAgirQFh0KKF


Figure 2. Recommended exercises for posterior-lateral hip strengthening including a) double leg bridges with             
isometric hip abduction, b) sidelying hip abduction isometrics in neutral hip rotation, c) hip extension isometrics                 
in quadruped, d) standing hip abduction, and e) weight-bearing hip external rotation.             

Figure 3. Recommended exercises for lumbopelvic strengthening including a) hooklying transversus abdominis           
contraction with upper extremity flexion, b) hooklying transversus abdominis contraction with bent knee fall               
out, c) primal push up, d) forward plank, and e) side plank.             

reported similar findings, with 72.2% of patients able to 
participate in both low and high impact sports following 
a PAO. It should be noted that no details were provided 
regarding rehabilitation protocols utilized in these stud-
ies. The importance of return to sport metrics to reduce 
reinjury rates has been well documented in the ACL liter-
ature, however, specific guidelines continue to remain elu-
sive.64–69 Following hip arthroscopy, these guidelines are 
less defined with recommendations including the absence 

of pain and appropriate control during sport specific activi-
ties such as running, lateral agility, and single leg squats.70 

These recommendations can serve as a guide when dis-
cussing return to sport following a PAO as none currently 
exist in the literature. Psychological readiness should also 
be considered during the return to sport phase as this may 
affect their ability to return to previous level of play and in-
crease the risk of reinjury.71–74 A recent systematic review 
found positive psychological responses pertaining to mo-
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Figure 4. Recommended lumbopelvic and lower extremity neuromuscular control exercises including a) single            
leg stance, b) lateral step down, c) single leg squat, and d) single leg Romanian dead lift.                  

Table 2. Author recommendations for objective criteria for utilization during return to straight line running and               
return to full participation in sport testing        

Return to Straight Line Running Return to Full Participation in Sports 

Range of Motion 

Strength Testing 

Endurance Testing† 

Functional Testing† 

Self-Reported Function 

Strength and Range of Motion 

Functional Testing† 

Joint Loading Tasks† 

Sport Specific Tasks† 

†No reports of pain and appropriate lower extremity and pelvic control required during all tasks 

tivation, confidence, and fear were associated with greater 
likelihood of returning to previous level of participation.73 

It can be assumed that patients following a PAO will exhibit 
signs consistent with low confidence and fear given the 
longstanding nature of dysplasia symptoms and the exten-
sive surgical procedure. These factors should be considered 
along with functional performance and strength measures 
when determining readiness to return to sport. 

Panelists recommend utilizing a combination of 
strength, endurance, and functional performance measures 
during return to play testing, including but not limited to 
hip abductor/adductor strength ratios, single leg squats, 
and the star excursion balance test . Recommendations for 
objective measures for return to straight line running and 
return to full participation in sports can be found in Table 
2. 

LIMITATIONS 

There are several limitations to our current study. There 
is a paucity of research supporting post-operative PAO re-
habilitation guidelines. Ellis et al.75 published a rehabil-
itation protocol for use after concomitant PAO and hip 
arthroscopy, however, this Delphi study was focused on an 
isolated PAO. Therefore, initial study questions were gener-
ated by expert opinion which could result in bias. To mini-
mize resultant bias in the modal responses, the authors re-
cruited a diverse expert panel. It should be noted, however, 
that all panelists were from North America which may limit 
the international generalizability of our findings. Addition-
ally, panelists completed all survey rounds on-line which 
does not allow for clarification or open discussion regard-
ing survey items. Lastly, this Delphi study included rec-

• Near, full symmetrical ROM in all directions 

• 5/5 MMT for all hip and core musculature 

• 45-second plank 

• 45-second side plank 

• 30-second bird dog hold 

• 30x side lying hip abduction 

• 30x of prone hip extension with knee bent 

• 30x weight bearing pelvic rotations 

• 10x 8-inch lateral step down with body weight 

• 10x single leg squats with body weight 

• 30x forward and lateral step and holds 

• 85% limb symmetry during Y-balance test 

• 15-minute walk with self-selected speed 

• >95% on Hip Outcome Score- Activities of Daily Living 

• >90% on Hip Outcome Score- Sports Subscale 

• Full and symmetrical 

• 10x 8-inch lateral step down with 20% body weight 

• 10x single leg squats with 20% body weight 

• >90% limb symmetry during Y-balance test 

• Forward hop 

• Triple hop 

• Triple crossover hop 

• Medial/lateral hop 

• 6M timed hop 

• Modified agility T-test 

• Three clinician selected sport specific drills 
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ommendations pertaining to an isolated PAO, which does 
not cover the spectrum of possible concomitant procedures 
performed to address soft tissue injuries or revision proce-
dures. 

CONCLUSION 

Although post-operative rehabilitation is important to help 
patients return to prior level of function, there a paucity 
of research supporting post-operative rehabilitation guide-
lines following a PAO. Inadequate rehabilitation after PAO 
may lead to poor outcomes, which may include prolonged 
impairments in hip strength. This Delphi study established 
expert-driven rehabilitation guidelines for use following a 
PAO. The standardization of rehabilitative care following 
PAO is essential for achieving optimal outcomes despite 
other factors such as geographical location and socioeco-
nomic status. Further research on patient-reported out-

comes is necessary to confirm successful rehabilitation fol-
lowing the guidelines outlined in this study. 
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Background  
Stability of the knee is dependent on multiple factors including integrity of the anterior 
cruciate ligament (ACL). Greater knee joint laxity appears to negatively affect dynamic 
joint function and therefore reliable and valid measures of ACL stiffness and laxity are 
clinically valuable. 

Purpose  
The aim of this study was to investigate the reliability of the GENOUROB, (GNRB®) knee 
arthrometer device in measuring both stiffness and laxity of the ACL, and to provide 
information on sample size calculation for future clinical trials. 

Study Design   
Cross-sectional test-retest study 

Method  
Twelve healthy student participants (age 24-30 years; 6 females and 6 males) completed 
testing on two different testing dates. Anterior tibial translation and stiffness were 
measured using the GNRB® device at forces of 134N and 200N. Reliability analyses were 
performed using intraclass correlation coefficients (ICC). SEM, MDC, and sample size 
calculations were also determined. 

Results  
Average anterior tibial displacements of 3.63mm and 5.32mm were found for 134N and 
200N of force respectively. ICC values for intra-rater, inter-rater, and test-retest 
reliability were similar across measures of anterior tibial translation and stiffness, 
ranging from .72 to .83 (95% CI: .54 to .90). The standard error of measurement (SEM) for 
anterior tibial stiffness ranged from 3.47 mm/N to 3.76 mm/N. Minimal detectable 
change (MDC) for test-retest anterior tibial stiffness was 9.6 mm/N. Sample sizes for 
crossover and parallel design studies were determined. 

Conclusion  
ACL laxity and stiffness measures were found to be reliably obtainable using the GNRB® 
knee arthrometer under the strict control of the individual’s alignment to the device and 
patellar pad forces. Reliable laxity and stiffness values may assist practitioners in clinical 
reasoning and the development of individualized ACL rehabilitation programs. 
Additionally, the sample size calculations presented may aid in future research design. 
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Level of Evidence    
3 

INTRODUCTION 

Numerous investigators have reported on the risk factors 
contributing to knee instability, predominantly focused on 
injury to the anterior cruciate ligament (ACL).1 Greater 
knee joint laxity appears to negatively affect dynamic joint 
function and, therefore, reliable and valid measures of lax-
ity are clinically valuable.2 

Optimal anterior tibial translatory laxity testing requires 
an appropriate and known force to be applied at a con-
sistent speed and perpendicular to the tibia.3 Previous re-
searchers have used the KT1000 and KT2000 knee arthrom-
eter devices to measure tibial translation and produce ACL 
laxity metrics.4 Despite their frequent use in ACL laxity re-
search, the KT devices only demonstrated a modest level 
of inter-rater reliability.5 These devices are no longer being 
manufactured leaving clinicians and researchers seeking 
access to a reliable and valid knee arthrometer for measure-
ment of tibial translation. 

An alternative knee arthrometer measuring anterior tib-
ial translation parameters (displacement and stiffness) is 
the GENOUROB, (GNRB®). The GNRB®’s automated and 
robotic nature is thought to apply specific translatory loads 
at consistent speed and direction.6 

Previous studies have published results presenting con-
flicting measures of anterior tibial translation reliability 
using the GNRB®.7–9 Vauhnik et al9 reported relative re-
liability (95% limits of agreement) of the GNRB® device 
measuring translation at a test force of 134 N of 2 to 3 
millimeters (mm). Additionally, Vauhnik et al9,10 reported 
intra- and inter-rater reliability of the GNRB® device was 
comparable to the KT1000 and KT2000 however, the overall 
inter-rater reliability remained low. Jenny et al.,7 using 
Bland-Altman Limits of Agreement, reported the GNRB® 
arthrometer demonstrated satisfactory levels of agreement 
with both stress radiographs (R2 = 0.06) and the gold stan-
dard, intraoperative navigation (R2 = 0.12) for tibial trans-
lation. More recently, Mouarbes et al.,3 investigating the 
reliability of the GNRB® device on healthy individuals, re-
ported poor test-retest agreement. The current variability 
of reliability findings reported in the literature drives the 
need for additional reliability studies using this device. 

An additional measurement feature of the robotic 
GNRB® arthrometer includes the ability to provide a mea-
sure of anterior tibial translatory stiffness calculated di-
rectly from the anterior laxity curve (anterior tibial dis-
placement vs applied anterior translation force) during the 
GNRB®’s standardized laxity testing protocol.11 Anterior 
tibial translatory laxity, when discussed in terms of instru-
mented and manual testing, characterizes the magnitudes 
of anterior tibial displacement occurring as a result of pas-
sive posterior to anteriorly directed forces on the proxi-
mal tibia. However, in addition to measures of laxity, the 
important dynamic strain behaviors of the passive tissues 
resisting anterior tibial translation can be understood by 
measuring the force to displacement relationship across a 

range of controlled increasing forces applied to the pos-
terior proximal tibia (stiffness). The GNRB device provides 
a measurement of this dynamic relationship between the 
changes in applied force and the changes in anterior tibial 
displacement. The changing resistance undergoing defor-
mation from the application of a changing force is impor-
tant in understanding the dynamic behaviors of the knee 
joint tissue resisting anterior tibial translation. This mea-
surement of stiffness is thought to be a clinically significant 
biomechanical parameter of ligamentous resistance (be-
yond measures of displacement), due to its association with 
functional anterior knee instability.11 Nouveau et al11 

demonstrated the clinical utility of serial anterior tibial 
translatory stiffness values with the GNRB® device in the 
assessment of ACL graft maturation following anterior cru-
ciate ligament reconstruction (ACLR) and during rehabilita-
tion interventions of individuals post-ACL reconstruction. 
If the stiffness differential value is more than 10um/N bi-
laterally, the authors suggest implementing an alternative 
rehabilitation protocol to allow optimal healing of the ACL 
graft and return to function. Once the slope differential re-
stabilizes, the rehabilitation protocol progression can re-
sume.11 The potential use of clinically assessing changes in 
anterior tibial translatory stiffness with the GNRB® device 
to guide and individualize rehabilitation protocols against 
undesirable ACL loading requires acceptable limits of re-
liability with repeated testing. These same stiffness mea-
sures following ACL injury and during ACL rehabilitation 
programs can also assist in the clinical decision making re-
garding individualized return to function and sport.11 Fi-
nally, reliable measures of anterior tibial translatory stiff-
ness with the GNRB® device may have further utility 
towards identifying ligamentous insufficiencies within in-
dividuals demonstrating normal magnitudes of anterior 
tibial displacement (laxity). To the authors knowledge, no 
previous research has been reported on the reliability of se-
rial measures of stiffness using the GNRB® device. 

The purpose of this study was to investigate the relia-
bility of the GNRB® knee arthrometer device in measuring 
both stiffness and laxity of the ACL, and to provide infor-
mation on sample size calculation for future clinical trials. 

METHODS 
STUDY DESIGN 

This study followed a test-retest reliability cross-sectional 
study design with two experienced examiners performing 
all measurements using the GNRB® knee arthrometer de-
vice. Each investigator underwent training with a GNRB® 
representative as well as several weeks of practice sessions 
prior to testing. 

PARTICIPANTS 

Twelve university student and staff volunteers (6 females 
and 6 males aged 24 - 30 years), were recruited via flyer 
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and email for the study from June through August 2019; 
the number of participants recruited was based on previous 
knee arthrometer reliability studies.5,7,9 Exclusion criteria 
included no current knee pain or history of ACL compro-
mise. The IRB Committee at the University of St. Augustine 
for Health Sciences approved the study, and all subjects 
provided informed consent. 

METHODS 

Data collection was performed across two sessions, two 
weeks apart. Both examiners performed measurements on 
each participant twice on the first test session (intra- and 
inter-rater reliability data collection), and once each on the 
second test session (intra-rater and test-retest data collec-
tion). Participants were instructed to limit formal lower ex-
tremity exercise at least 60 minutes prior to each testing 
session. Demographic data was collected before test session 
one and included: age, sex, and body weight. The GNRB® 
device was calibrated according to the manufacturer’s 
guidelines before each testing session. 

The order of testing by examiners was randomized. 
When participants arrived for testing, they were asked to 
sit resting in a chair for 10 minutes prior to each test ses-
sion. Participants were then positioned supine on the ex-
amination table with arms resting on the table next to their 
torso. The trunk was supported in an inclined position 30 
degrees relative to the examination table (Figure 1). To de-
crease potential bias or order effect, the leg to be tested 
first was determined with randomization via a coin toss. 
With the GNRB® device secure on the table, the lower limb 
was placed on the device in a neutral position between 
internal and external rotation. Temporary skin markings 
were made on the inferior pole of the patella, the center 
of the tibial tuberosity, and along the medial and lateral 
tibiofemoral joint lines of the participants’ knee. The knee 
was positioned to ensure the marking on the inferior pole 
of the patella was visible through the cut-out on the patel-
lar pad of the GNRB® device (Figure 2). Both medial and 
lateral joint line-markings were then visually aligned with 
the intersection between the femoral stabilization compo-
nent and the tibial anterior displacement component of the 
device. The displacement transducer of the device was po-
sitioned directly over the tibial tuberosity marking and per-
pendicular to the tibia (Figure 1). A goniometer was used 
to ensure the displacement transducer was perpendicular to 
the tibia. The participant’s foot was placed in a neutral po-
sition on the footplate of the GNRB® device. The footplate’s 
position was adjusted until the plantar aspect of the heel 
and midfoot were in contact with the footplate. The posi-
tion of the footplate as indicated on the device was then 
recorded and used for consistency in all subsequent tests. 
Patellar stabilization force during the first testing session 
was achieved via the GNRB®’s patella pad software gen-
erated output. Tightening of the patellar straps continued 
until a minimum force of 60 N was achieved. The average 
patellar pad force across the three pulls was used in data 
analysis. All subsequent tests utilized patellar stabilizing 
force +/- 10 N of the recorded initial test values for each ex-
aminer. The patellar pad’s alignment was carefully adjusted 

Figure 1. Patient set-up in GNRB device      

Figure 2. Patella pad set-up showing cutout in line        
with the inferior pole of the patella (black skin          
marking)  

in an attempt to distribute the posteriorly directed stabiliz-
ing force evenly across the patella. See Figure 1 for patient 
positioning in the GNRB® device. 

The GNRB® device was programmed to perform three 
consecutive anterior tibial translation ramp forces to a 
maximum of 200N. During each applied ramp force, trans-
lation values at 134N and 200N and stiffness values were 
recorded. All procedures were immediately repeated on the 
participant’s contralateral limb. The skin markings were 
then completely removed, and the participant was posi-
tioned seated, resting in a chair for ten minutes. The second 
examiner then performed the same procedure as described 
above. This sequence was repeated until each examiner 
tested each subject’s knees twice for the assessment of in-
trarater reliability. 

The second testing session occurred two weeks later. 
The footplate position and the patella stabilization force 
recorded from test session one were used for consistency 
in test session two. Each examiner tested each participant 
once using the same procedure as described for session one, 
with the time of day consistent between sessions. The re-
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sults of the second testing session were used in the test-
retest analysis. 

STATISTICAL ANALYSES 

The average patellar pad force, anterior translation, and 
stiffness values across the three anterior tibial translatory 
ramp forces for each knee calculated by the GNRB® soft-
ware were used in data analysis. Testing for normality was 
completed, and reliability analyses were performed on data 
for all participants using intraclass correlation coefficients 
(ICC). A two-way random-effects model based on the mean 
of the three repeated measurements of the first measure-
ment session and absolute agreement assessed the inter-
rater repeatability. A two-way mixed-effects model, based 
on the mean of the three repeated measures, was used to 
assess intra-rater repeatability and test-retest repeatabil-
ity. Standard deviation/mean *100 was used to calculate 
the coefficient of variation. Standard error of measurement 
(SEM), calculated as: √((Σ deviations2)/degrees of freedom), 
was used to assess the degree to which repeated measures 
of the GNRB® outputs varied for participants (within-par-
ticipant deviation). Estimation of the minimum detectable 
change (MDC), representing the minimum differences in 
the measurements of anterior laxity and stiffness consid-
ered true changes were established using MDC = SEM * 1.96 
* √2. 

Sample size calculations for both crossover and parallel 
design studies were performed using various magnitudes 
of change in anterior laxity parameters. Anterior tibial dis-
placement (mm of movement) at both 134N and 200N of 
applied force and calculated slope (mm displacement vs 
force N) values with α = 0.05 and β = 0.80, 0.90, and 0.95 
were evaluated. Calculations were completed using 2x(Zα+ 
Zβ)2 x σ2)/d2 for a parallel design and (Zα+ Zβ)2 x σ2)/d2 for 
a crossover design. For example, a parallel design powered 
at 0.90 would require 19 participants to detect an absolute 
change in anterior proximal tibial displacement of 1mm as-
sessed at a test force of 134N. 

RESULTS 

Twelve participants (6 males and 6 females aged 24-30 
years) completed the study (24 limbs measured). The av-
erage body mass index of participants was 25.0 (SD 3.24) 
kgm2. IBM SPSS Statistics for Windows, version 26 (IBM 
Corp., Armonk, N.Y., USA) software was used in the statis-
tical analysis. 

Moderate to good intratester reliability was found by 
comparing test one and two for each examiner; ICC values 
0.72 – 0.83. Table 1 presents measures related to intrarater 
reliability between the means of the first test and repeated 
test during session one. 

Good intertester reliability was found by comparing test 
one measures for each examiner; ICC values 0.76 – 0.81. 
Table 2 presents measures related to interrater reliability 
between the means of the first test for each examiner dur-
ing session one. 

Test-Retest Repeatability also demonstrated good relia-
bility (ICC 0.77 - 0.83) for both laxity and stiffness mea-
sures. Table 3 presents the test-retest repeatability mea-
sures between the mean of the first test of session one 
(Trial 1) and session two (Trial 2). 

Sample size calculations for both crossover and parallel 
design studies, using various magnitudes of change in lax-
ity parameters related to anterior tibial translation are pre-
sented in Table 4. Tibial displacement (mm of movement) 
at both 134N and 200N of applied force and the calculated 
slope (mm displacement vs force N) values with α = 0.05 
and β = 0.80, 0.90, and 0.95 were evaluated (see Tables 4 
and 5). Calculations were completed using 2x(Zα+ Zβ)2 x 
σ2)/d2 for a parallel design and (Zα+ Zβ)2 x σ2)/d2 for a 
crossover design. For example, a parallel design powered 
at 0.90 would require 19 participants to detect an absolute 
change in anterior proximal tibial displacement of 1 mm as-
sessed at a test force of 134N. 

DISCUSSION 

The results of this study suggest that intrarater, interrater, 
and test-retest relative reliability were similar across mea-
sures of anterior tibial translation and stiffness with ICC 
values ranging from .72 to .83. (Tables 1, 2, 3). The 95% 
confidence levels of the ICCs were fairly wide (.54 to .91), 
suggesting relative reliability ranges from moderate to 
good. Thus, this study supports previous research findings 
that concluded the GNRB® device is thought to be useful 
in diagnostic knee assessment, baseline clinical measure-
ment, and treatment planning related to knee laxity sta-
tus.3,7,9,10 

Specific to measures of anterior tibial displacement, the 
ICC values found in this study, were higher than those of 
Vauhnik et al.10 and Mouarbes et al.,3 who reported val-
ues between raters and test-retest protocols ranging from 
0.22 to 0.42 and 0.41 to 0.49, respectively. At a testing force 
of 134 N results showed a mean anterior tibial displace-
ment value of 3.6 mm, which is less than the reported val-
ues by Vauhnik et al9 (5.6 to 6.5 mm) but in closer agree-
ment with Mouarbes et al3 (3.2 mm) using consistent but 
lower patellar stabilizing forces. The calculated SEMs for 
intrarater, interrater, and test-retest were found to be nar-
row in this study, ranging from 0.48 to .62 mm, suggest-
ing a moderate level of measurement variability. At 200 N 
of force, the mean anterior displacement increased to 5.32 
mm, while SEM values remained narrow, ranging between 
0.66 to 0.78 mm. Interestingly, the MDC values at 134 N 
and 200 N were found to be 2.1 mm/N and 2.5 mm/N re-
spectively. The MDC values can be a clinically significant 
metric when looking to compare the minimally detectible 
change between testing sessions of one limb. For instance, 
a patient who has undergone ACL reconstruction (ACLR) 
where the contralateral limb cannot be used as comparison 
(due to previous injury or to disuse during convalescence), 
the MDC could have utility for detecting laxity changes that 
occur from early post injury to late rehab beyond the slight 
ligamentous adaptation/laxity typically expected. 
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Table 1. Intrarater Reliability   

 
Trial 1 Mean 

(SD)* 
Trial 2 Mean 

(SD)* 
Mean Absolute Variability 

T1:T3* 
Correlation 

CV Trial 1 
(%) 

CV Trial 2 
(%) 

Mean CV 
(%) 

ICC (95% 
CI)* 

SEM MDC 

Displacement 
(mm) 

@ 134N 
3.6 (1.0) 3.6 (0.9) 0.4 (0.4) 0.82 26.40 25.30 25.85 

.83 (.72 to 
.90) 

0.76 2.11 

Displacement 
(mm) 

@ 200N (mm) 
5.3 (1.1) 5.4 (1.1) 0.5 (0.4) 0.83 20.30 20.90 20.60 

.82 (.71 to 
.89) 

0.89 2.47 

Stiffness /Slope 
(mm/N) 

27.5 (4.0) 26.8 (3.8) 2.0 (1.7) 0.79 14.50 14.00 14.25 
.77 (.62 to 

.87) 
3.47 9.6 

SD: standard deviation; CV: coefficient of variation; SEM: standard error of measurement; mm: millimeter; N: Newton. 

Table 2. Interrater Reliability   

 
Rater 1 Mean 

(SD)* 
Rater 2 Mean 

(SD)* 
Mean Absolute Variability 

T1:T3* 
Correlation 

CV Trial 1 
(%) 

CV Trial 2 
(%) 

Mean CV 
(%) 

ICC (95% 
CI)* 

SEM 

Displacement 
(mm) @ 134N 

3.7 (1.0) 3.6 (1.0) 0.5 (0.4) 0.84 28.1 26.2 27.2 
.81 (.61 to 

.91) 
0.82 

Displacement 
(mm) @ 200N 

5.3 (1.1) 5.3 (1.1) 0.5 (0.5) 0.76 21 20 20.5 
.76 (.54 to 

.88) 
1.00 

Stiffness/
Slope 

(mm/N) 
27.4 (3.9) 27.5 (4.1) 2 (1.8) 0.78 14.3 15.1 14.7 

.79 (.58 to 
.90) 

3.52 

SD: standard deviation; CV: coefficient of variation; SEM: standard error of measurement; mm: millimeters; N: Newton 
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Table 3. Test-Retest Repeatability   

 
Trial 1 Mean 

(SD)* 
Trial 2 Mean 

(SD)* 
Mean Absolute 

Variability T1:T3* 
Correlation 

CV Trial 
1 (%) 

CV Trial 
2 (%) 

Mean 
CV (%) 

ICC (95% 
CI)* 

SEM MDC 

Displacement (mm) @ 
134N 

3.6 (1.0) 3.6 (0.9) 0.4 (0.4) 0.82 26.40 25.30 25.85 
.83 (.72 to 

.90) 
0.76 2.11 

Displacement (mm) @ 
200N (mm) 

5.3 (1.1) 5.4 (1.1) 0.5 (0.4) 0.83 20.30 20.90 20.60 
.82 (.71 to 

.89) 
0.89 2.47 

Stiffness/Slope (mm/N) 
27.5 (4.0) 26.8 (3.8) 2.0 (1.7) 0.79 14.50 14.00 14.25 

.77 (.62 to 
.87) 

3.47 9.6 

SD: standard deviation; CV: coefficient of variation; ICC: Intraclass correlation coefficient; SEM: standard error of measurement; mm: millimeters; N:Newton; MDC: minimal detectable change. 
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Table 4. Sample Size Calculations – Tibial Displacement/Laxity       

Tibial Displacement: (mm) @134N Tibial Displacement: (mm) @200N 

Magnitude of 
Treatment 

Effect Parallel  Crossover 

Magnitude of 
Treatment 

Effect Parallel  Crossover 

Power Power 

 0.8 0.9  0.8 0.9   0.8 0.9  0.8 0.9 

0.5 55 74 28 37 0.5 69 93 35 46 

1 14 19 7 9 1 17 23 9 12 

1.5 6 8 3 4 1.5 8 10 4 5 

2 3 5 2 2 2 4 6 2 3 

2.5 2 3 1 1 2.5 3 4 1 2 

3 2 2 1 1 3 2 3 1 1 

3.5 1 2 1 1 3.5 1 2 1 1 

4 1 1 0 1 4 1 1 1 1 

4.5 1 1 0 0 4.5 1 1 0 1 

5 1 1 0 0 5 1 1 0 0 

mm: millimeters; N:Newton 

Table 5. Sample Size Calculations - Stiffness      

Stiffness/Slope (mm/N) 

Magnitude of 
Treatment Effect Parallel Crossover 

Power 

 0.8 0.9 0.8 0.9 

1 235 315 117 157 

2 59 79 29 39 

3 26 35 13 17 

4 15 20 7 10 

5 9 13 5 6 

6 7 9 3 4 

7 5 6 2 3 

8 4 5 2 2 

9 3 4 1 2 

10 3 4 2 2 

mm: millimeters; N:Newton 

Like the GNRB’s measurement of anterior tibial displace-
ment, there was a moderate level of variability found during 
repeated testing regarding its calculated mean values of 
stiffness, (resistance to anterior tibial translation) with 
wide ICC confidence intervals (0.57 to 0.90). The SEM for 
the value of the mean slope from the force displacement 
curve in this study ranged from 3.47 mm/N (test-retest) 
to 3.76 mm/N (intrarater), suggesting the GNRB® device 
demonstrates a moderate level of overall measurement er-
ror. 

Although not specifically analyzed in this study, a trend 
towards a decrease in the device’s patellar pad stabilization 
force (1- 2N) within each testing bout across the three ro-
botically driven anterior tibial forces was visually observed 
during testing. It is unknown whether laxity and stiffness 

measures are sensitive to these small changes. Possible 
explanations for the change in patellar pad stabilization 
forces during testing surround functional shifting of the 
patellar stabilization straps, changes in activation of the 
patient’s musculature, and or increased compliance of peri-
patellar soft tissues with the sequential repetitive loading. 

The results of this study found the MDC for mean stiff-
ness values to be 9.6mm/N. As stated, the MDC is poten-
tially very useful in monitoring changes in anterior transla-
tion displacement, (laxity), but also particularly important 
in relation to assessing changes in anterior tibial trans-
latory stiffness for individuals undergoing post-operative 
ACLR rehabilitation. A trend toward stiffness values de-
creasing, (or increasing) over the time course of an indi-
vidualized rehabilitation program greater than the MCD 
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would be significant as it suggests that the change is be-
yond the random variation observed with robotic ligament 
testing. Nouveau et al.9 suggested using a stiffness differ-
ential value as a marker to adjust therapeutic interventions 
during rehabilitation.9 However, the results of this study 
suggest, that while an important clinical relationship likely 
exists between decreasing anterior tibial translatory stiff-
ness values assessed in robotic testing and decreasing re-
sistance to anterior translation, the authors of this study 
suggest that any calculated change (stiffness differential) 
should take into account the MDC as well as the SEM val-
ues. 

The basis for measurement error when utilizing the 
GNRB® device for anterior tibial displacement have been 
reported elsewhere.9,10 Main sources of error are thought 
to include incongruency between the flat surface of the 
displacement sensor and the non-flat tibial tuberosity, the 
alignment of the device relative to the knee joint itself, the 
position of the participant, and the consistency of patellar 
pad force.9 Based on findings of previous studies, several 
attempts were made in this study to minimize these pre-
viously reported errors. To address potential errors related 
to participant alignment, a 30-degree inclined rigid foam 
wedge under the torso was used to standardize participant 
position and maximize comfort to allow relaxation of the 
limb during testing. It is the opinion of the investigators 
that consistent patient positioning and implementing care-
ful skin markings over key landmarks were both critical 
to maximizing measurement repeatability. Deviation of the 
transducer between trials from a perpendicular orientation 
would also offer a potential source of measurement error. 
To standardize the spatial orientation of the displacement 
transducer, a goniometer was used to align the transducer 
perpendicular to the tibial tuberosity. 

The design of the GNRB® tightening straps on the patel-
lar stabilization pad consists of a buckle/ratchet tightening 
system. Therefore, maintaining consistent patellar force 
between trials was challenging as one step on the ratchet 
increased or decreased the patellar pad force up to 10N in 
some participants. Vauhnik et al.9,10 and Mourabes et al.3 

reported repeatability of the GNRB® was associated with 
the consistency of the patellar pad force. Alqahtani et al.12 

found a significant difference in normative values of ante-
rior tibial displacement when patellar pad forces varied by 
11.2 N. Therefore, following the recommendations of Vauh-
nik et al.9,10 and Alqahtani et al.,12 this study’s protocol 
included a minimum of 60 N of patellar pad force and no 
greater difference than 10 N between trials. Post hoc analy-
sis of the applied patellar pad forces in this study demon-
strated consistent forces between all trials with a mean 
force of 61.4 N (SD 3.2N). Only twice were differences in 
patellar pad forces within subjects greater than 10 N. Fur-
ther post hoc statistical analysis found no significant dif-
ferences in patellar forces within participants or within ex-
aminers (p>0.05). The deliberate consistency of patellar pad 
forces may have played a role in higher reliability findings 
of this study in comparison to previous studies.3,9,10 

The influence of BMI on displacement and stiffness mea-
sures was not directly analyzed in this study; however, it 

was noted that individuals with greater soft tissue thickness 
appeared to challenge the processes of achieving consistent 
application and strap tightening of the GNRB® device. Dif-
ficulty with adequately securing the thigh strap without 
pinching the subject’s skin may have resulted in less 
femoral stabilization and subsequently altered the mea-
sures of anterior excursion detected by the GNRB. 
Mouarbes et al.3 reported similar challenges with obese 
subjects attributing excessive soft tissue as a potential 
source of error. Further studies on the influence of strap 
tension and anthropometric variables may help understand 
its role in the measurement process across individuals with 
various levels and densities of the thigh and calf tissues. 

LIMITATIONS 

Despite referencing earlier research and attempting to limit 
error identified in previous studies, there were limitations. 
This study involved a small number of healthy, younger 
to middle-aged adults with no current or reported history 
of significant lower extremity injury. Therefore, interpreta-
tion of the results of this study may not be generalizable to 
other populations; additional studies with larger more di-
verse populations are needed. 

Furthermore, although attempts were made to control 
against unwanted hamstring activation by maximizing pa-
tient comfort and the use of careful participant positioning, 
the investigators acknowledge the potential influence of 
hamstring activation on translatory measures. The use of 
surface electromyography (sEMG) to measure hamstring 
activation levels has been thought to be a valuable supple-
mental procedure by some researchers investigating ante-
rior tibial displacement measures.9,11 The use of sEMG of 
the hamstring muscle group may be valuable in post-in-
jury and post-surgical conditions where hamstring muscle 
activation is not easily controlled. This study investigated 
healthy participants with no knee injury or pain minimiz-
ing these patient relaxation and positioning challenges. 

Many studies investigating reliability and changes in 
ACL laxity include testing forces ranging between 
89N-250N. This study investigated forces of 134N and 200N 
to allow comparison of values obtained in previous research 
using similar forces.9,10,13 Nesseri et al.14 found the maxi-
mum load of 200N to be more sensitive to changes in ACL 
laxity over lower loads. Whereas Beldame et al.13 attempted 
loads higher than 200N and were only able to reach 250N 
in 84% of subjects due to patient report of unacceptable 
pain as forces increased. Although the forces used in this 
study are similar to many studies using knee arthrometer 
devices, they are well below peak anterior shear forces act-
ing on the knee joint during function; anterior shear forces 
up to 1070N have been reported during activities such as 
jumping.14,15 Therefore, it is possible that the forces used 
in this study may not adequately represent those elicited 
with functional activities. Perhaps, additional studies look-
ing at forces more closely related to those that occur across 
the knee with functional tasks, while still optimizing pa-
tient comfort, will be available in future knee arthrometer 
designs and may add value to the body of evidence. 
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Variations in anterior laxity assessment measures may 
be influenced by female sex hormone levels.16–19 This 
study did not include evaluation of hormone levels, which 
may have influenced measures between test re-test ses-
sions in females. Although the time of day for each testing 
session was kept consistent, it is reasonable to hypothesize 
that variations in anterior tibial displacement parameters 
may have arisen in the two-week period between measures 
due to intrinsic changes in ligamentous and capsular knee 
tissues from the influence of female sex hormones.17,18 The 
current body of evidence is conflicted as to what role, if any, 
sex hormones such as estrogen and progesterone may have 
on ligamentous properties. Maruyama et al.18 found mea-
sures of anterior translatory stiffness did not appear to be 
related to hormonal changes during the menstrual cycle. In 
contrast, a recent systematic review by Hetzberg et al.,19 

found knee laxity did vary significantly across phases of the 
menstrual cycle. Although the authors of this study recog-
nize the possible influence of hormones on laxity values, 
post-hoc analyses (paired t-tests) revealed no statistical 
differences between test 1 and test 3 (test retest) for either 
males or females at 134N or 200N. Females did demonstrate 
increased laxity measures compared to males, with mean 
values of 0.63 mm and 0.75 mm greater for females com-
pared to males at 134N and 200N respectively. However, the 
similar reliability values found across genders suggests fe-
male sex hormone changes between the two-week period 
did not strongly influence the laxity values obtained. It is 
the author’s opinion that future reliability studies involving 
measurements of absolute anterior tibial displacement pa-
rameters using the GNRB® device across the menstrual cy-
cle may be of value in determining the potential effects of 

sex hormones on repeated measures of anterior tibial dis-
placement and stiffness. 

CONCLUSION 

Anterior tibial translation and stiffness data appears to be 
reliably obtainable using the robotic GNRB® knee arthrom-
eter device. Sample size calculations and minimally de-
tectable change values may aid in clinical applications and 
future research studies. To improve reliability when mea-
suring anterior tibial translatory laxity parameters, the au-
thors recommend assessment using the average of three 
consecutive measurement trials, with strict control of 
alignment and consistent patellar stabilization pad force. 
Given the observed levels of measurement variability found 
in this study, the calculations of the sample size require-
ments and MDCs may help clinicians and future researchers 
evaluate changes in anterior tibial translatory laxity and 
stiffness values. Reliable stiffness and laxity measures fol-
lowing ACL injury and during ACLR programs may assist 
in the clinical decision making regarding individualized re-
turn to function and sport. 
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Background  
Injuries in volleyball players are most common in the ankles and knees. Many volleyball 
players suffer from overuse injuries because of the strain placed on the lower extremities 
from repeated jumping. A characteristic of players who are most at risk for lower 
extremity injuries is the tendency to display trunk instability during landing, such as 
lateral flexion and rotation. Research has shown the effectiveness of exercise-based 
warm-up interventions for acute volleyball injuries. However, comprehensive analyses on 
the use of lower extremity, trunk, and balance programs to prevent overuse injuries are 
lacking. 

Purpose  
To examine the effects of trunk and balance warm-up exercises on the prevention, 
severity, and length of limitation of overuse and acute lower limb injuries in male 
volleyball players. 

Study Design   
Prospective, single-cohort study. 

Methods  
This study involved the 2019 (control group) and 2021 (intervention group) male 
volleyball teams. The control and intervention groups were on the same team; however, 
seven players joined in 2021 through a sports referral program through which different 
players are recruited. Measurements included injury incidence rate, injury severity, and 
injury burden. The intervention involved the addition of trunk and balance exercises 
during the 2021 season. 

Results  
There was no significant difference in injury incidence rates between groups. Injury 
severity decreased by 3.7 days for overuse injuries (p=0.04). Injury burden decreased by 
11.8 (days/1000 player hours) overall and by 7.1 (days/1000 player hours) for overuse 
injuries. 

Conclusion  
The results show that an exercise-based warm-up aimed at improving trunk posture 
during landing did not reduce the incidence rate of injury in men’s volleyball. However, 
the addition of this warm-up did significantly reduce the severity of overuse injury. 

Corresponding author: 
Muramoto Yuki 
35 Shinanomachi, Shinjuku-ku, Tokyo 
Institute for Integrated Sports Medicine, School of Medicine, Keio University 
yukimuramoto1019@gmail.com 

a 

Muramoto Y, Kuruma H. The Effectiveness of Trunk and Balance Warm-up Exercises in
Prevention, Severity, and Length of Limitation From Overuse and Acute Lower Limb
Injuries in Male Volleyball Players. IJSPT. Published online October 1, 2022:1026-1032.

https://orcid.org/0000-0002-9363-2722
https://orcid.org/0000-0002-9363-2722
https://orcid.org/0000-0002-9363-2722
https://doi.org/10.26603/001c.38019
mailto:yukimuramoto1019@gmail.com


Level of Evidence    
Level 3B 

INTRODUCTION 

Ankle and knee injuries are among the most common in-
juries in volleyball players.1 Jumper’s knee, in particular, 
accounts for approximately 40% of all lower extremity in-
juries in these athletes.2 Many volleyball players develop 
overuse injuries, such as jumper’s knee, due to the strain 
placed on the lower extremities with repeated jumping.1 

Additionally, volleyball players have been reported to suffer 
from lower extremity injuries due to environmental factors, 
such as the long duration of practice (12 hours/week), the 
number of jumps, and the material of the gymnasium floor 
(hard surface) upon which they train and play.1,3 Further-
more, physical factors, such as decreased quadriceps mus-
cle strength, jump height, and landing ability may con-
tribute to injuries.1,3,4 

Previous research indicates that lower limb injuries are 
more likely to occur with an unstable landing motion.5–9 

De Bleecker et al. examined the landing movements of ath-
letes with lower limb injuries, and several associations with 
trunk movement were reported.5–7 An examination of 
movements occurring in the thoracic spine, hip, knee, and 
ankle joints during the drop jump landing from a 30-cm 
platform, found that a group with medial tibial stress syn-
drome exhibited significant compensation in the thoracic 
spine, hip, and ankle joints during landing.8,9 These reports 
suggest that athletes with lower extremity injuries may 
have greater trunk instability (poorer trunk control) during 
landing. 
In recent years, it has been suggested that a comprehen-

sive exercise-based warm-up that includes lower extrem-
ity, trunk, and balance training prior to practice may reduce 
the incidence of acute injuries, such as those to the ante-
rior cruciate ligament.10 However, the effect of comprehen-
sive exercise-based warm-up on overuse injuries, such as 
lower extremity injuries in volleyball players, has not been 
demonstrated.11 Overuse injuries are common among ath-
letes with high practice and competition loads.12,13 Conse-
quently, the concept of injury burden has been used to eval-
uate overuse.14,15 Greater losses in playing time indicate a 
lower team performance.16,17 Reduction of incidence and 
burden of overuse injury is important to team outcomes 
and performance. 
Therefore, the purpose of this study was to examine the 

effects of trunk and balance warm-up exercises on the pre-
vention, severity, and length of limitation of overuse and 
acute lower limb injuries in male volleyball players. 

METHODS 
PARTICIPANTS 

Men’s volleyball teams from the first division of a Univer-
sity Federation were included in this study with partici-
pants from the 2019 team as the control group and the 
team from 2021 as the intervention group. The control 

and intervention groups were on the same team; however, 
seven players joined through a sports referral program in 
which different players are recruited (4 outsides, 2 middles, 
1 libero). The two groups had the same practice (including 
training) and match hours（Control: practice=744, 
match=152, Intervention: practice=687, match=200). This 
study was approved by the Ethics Committee of the affili-
ated Hospital. The objectives of this study were explained 
to the participants in oral and written forms, and their writ-
ten consent to participate in the study was obtained. The 
obtained data were de-identified. 

SURVEY PERIOD 

The study was conducted during the 2019 (January–De-
cember 2019) and 2021 (January–December 2021) seasons. 
Throughout both seasons, the number of days of practices 
and competitions, participating players, and occurrence of 
lower extremity injuries were recorded by the athletic train-
ers affiliated with the teams. 

INJURY DEFINITION 

After an injury, trainers were asked to classify whether it 
was an acute (associated with a specific, clearly identifiable 
traumatic event) or overuse (no specific identifiable event 
responsible for its occurrence) injury. Furthermore, trainers 
were required to register the affected anatomical area.18 

CALCULATION OF INJURY INCIDENCE, SEVERITY, AND 
BURDEN 

The incidence of lower extremity injury incidence was cal-
culated by dividing the number of incidents by the number 
of potential exposure times (i.e., practice and matches) and 
multiplying this value by 1000. Using this formula, an in-
cident rate was obtained relative to 1000 player hours.15 

Severity was defined as the number of days from injury to 
return to play. Cumulative time loss was categorized as: 
slight (0 days), mild (1–7 days), moderate (8–28 days), or 
severe (>28 days).14 Return to competition was defined as 
the day when the athlete fully participated in all practices 
or was able to participate in competitions. 
Injury burden was defined as the measure of time lost 

from competition due to injury and was calculated as the 
product of the incident rate and average severity of the in-
jury. 

INTERVENTION METHOD 

Prior to the 2019 season, warm-up consisted of three lower 
extremity exercises (hip circles, reverse Nordic curls, and 
overhead deadlifts), jogging, stretching, and agility drills 
for 20 min daily. In the 2021 season, the author added new 
core and balance exercises. The intervention exercises con-
sisted of three core (abdominal bracing, side plank with hip 
side raise, and side plank with trunk rotation) and Y-Bal-
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Table 1. Physical characteristics of the participants and practice and game durations           

　 
Control 
(n=17) 

Intervention 
(n=17) 

p 

Age (years) 20.82±0.95 21.06±0.83 0.44 

Height (cm) 184.56±7.66 183.81±10.48 0.81 

Mass (kg) 75.44±9.06 75.61±8.94 0.95 

Exposure to Volleyball (hours) 　 　 

Total 896 887 0.98 

Training 744 687 0.97 

Match 152 200 0.95 

ance movements (side reach, posterior-medial reach, and 
front reach) exercises (Figure 1). These exercises have been 
reported to improve the ability to maintain the midline po-
sition without lateral flexion the trunk during landing af-
ter instruction.19,20 The newly introduced exercises were 
performed for approximately 30 min daily during warm up/
practice. The exercises were consistently checked by an ath-
letic trainer once a week. 

STATISTICAL METHODS 

Injury incidence between teams was examined using the χ-
square test. The severity of injuries was compared between 
groups using an unpaired t-test. All data were analyzed us-
ing SPSS software (version 22.0, IBM Corporation, Japan) 
with a priori alpha level of 0.05. 

RESULTS 

Table 1 presents the information regarding the two groups. 
The control group (n=17, Age=20.82±0.95 years, 
Height=184.56±7.66, cm, Mass=75.44±9.06 kg) and the in-
tervention group (n=17, Age=21.06±0.95 years, 
Height=183.81±10.48 cm, Mass=75.61±8.94 kg). There were 
no significant differences in age, height, or mass between 
the control and intervention groups (Table 1). 
The number of incidents of injury in the control group 

was 22 (overuse: 12; acute:10), while the number of inci-
dents in the intervention group was 16 (overuse 12; acute 
four). No significant difference in overuse or acute injury 
incidence was observed (Table 2). The severity of injuries 
among the control group was eight minor, 11 mild, two 
moderate, and one major. The severity of injuries among 
the intervention group was 13 minor, one moderate, and 
two major. The severity of overuse injury was lower in the 
intervention group than that of the control group (mean 
difference: 2.82, 95% CI: 0.17–5.47, Cohen’s d: 0.59, 
p=0.04). Injury burden decreased by 11.8 days/1000 player 
hours overall, 7.1 days/1000 player hours for overuse in-
juries, and 4.7 days/1000 player hours for acute injury in the 
intervention group compared to the control group. 

DISCUSSION 

The results of this study indicate that comprehensive ex-
ercise-based warm-up programs did not reduce acute and 
overuse injury rates. The number of incidents of injury in 
the control group was 22, while the number of incidents 
in the intervention group was 16. The team injury rates in 
this study were 3.4 and 3.1 days/1000 player hours. Com-
pared to the results of a previous study, which showed a 
range of 3.6–10.52 days/1000 player hours for professional 
volleyball teams and players in the World League, the in-
jury rate in this study was low.1,12 To prevent overuse, it is 
necessary to manage the workload, including the amount 
of practice and the number of games played.16,21 The total 
number of practice hours and the number of games played 
in both groups were 896 and 887, respectively. The total 
hours of practice and number of games did not change be-
tween the control and intervention groups, and therefore, a 
likely reason that the incidence rate did not change. 
Chronic injury severity may be reduced with the addition 

of an exercise-based warm-up program. In 2019, chronic 
injury severity was on average 3.73 days, and in 2021, it 
was zero days. Chronic injury severity has been reported as 
2.9 days in professional female volleyball players and 4.2 
days in amateur-level players.11,22 Professional players may 
have lower severity due to better management of condi-
tions. In 2021, the authors hypothesized that the players 
may have finished the season without missing a practice 
session by providing an appropriate workload during the 
season, just like professional players. 
The results of this study show that the exercise-based 

warm up program was able to reduce overall injury burden 
by 11.8 days/1000 players hours and the injury burden of 
chronic injuries by 7.1 days/1000 players hours. In this case, 
the comprehensive loading, including lower extremity exer-
cises as well as trunk exercises, and trunk control, may have 
allowed athletes with overuse pain to maintain the muscle 
strength required to participate in practice. 
Fuller was able to reduce the number of missed days by 

four and the overall injury burden by 26%, improving the 
performance of a rugby team.16 In the current study, the 
injury burden decreased by 7.1 days for overuse cases and 
4.7 days for acute injury cases. Therefore, the overall injury 
burden was reduced by 58% (11.8 days) compared to con-
trols. The exercise-based warm-up performed in the cur-
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Figure 1. Three exercises were performed in 2019 for A. The additional exercises in 2021 included those shown in B and C. For all exercises, the figure on the left                             
demonstrates the starting position, and the figure on the right demonstrates the ending position.               
A: Conventional exercises: 1=hip circle, 2= reverse Nordic curls, 3= overhead deadlifts); 10reps*3sets 
B: Trunk exercise: 1= abdominal bracing, 2= side plank with hip side raise, and 3= side plank with trunk rotation); 30seconds*3sets 
C: Y-Balance exercise: 1= side reach, 2= posterior-medial reach, and 3= front reach); 10reps*3sets 
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Table 2. Comparison of severity and injury burden between the control and intervention group             

Control Intervention p-value 95%CI 

Overuse 

Injury incidence (/1000AEh) 1.9 2.3 0.85 -0.8, 0 

Severity (time loss days) 3.7 0* 0.03 0.2, 5.5 

Injury burden (time loss days/1000AEh) 7.1 0 - 0.1, 14.0 

 

Acute 

Injury incidence (/1000AEh) 1.6 0.8 0.77 -0.1, 1.6 

Severity (time loss days) 13.3 21.3 0.81 -15.9, 0 

Injury burden (time loss days/1000AEh) 21.1 16.4 - 0.1, 9.4 

* The severity of overuse injury was lower in the intervention group than that of the control group (p< 0.05) 

rent study may have been effective in reducing the number 
of practice days lost due to acute and chronic injuries due 
to the varied components of the program. 
There are some limitations to the present study. The re-

sults of this study are based on an intervention conducted 
on a single team of men. Lower extremity injuries are also 
common in female volleyball players. In addition, female 
players are more prone to landing movements that can 
cause lower limb injuries.23,25 In the future, it would be 
beneficial to introduce this intervention to female volley-
ball teams to determine has a similar effect on injury bur-
den. 
Furthermore, the results of this study do not allow any 

assessment of the relationship between landing motion (re-
lated to the trunk and balance interventions) and lower 
limb injuries because no biomechanics were assessed. In 
the future, the authors intend to examine whether a com-
prehensive warm up that includes core and balance exer-
cises would improve landing mechanics. 

CONCLUSION 

The results of the present study indicate that the a program 
of trunk and balance warm-up exercises did not reduce the 
incidence rate of overuse injury in male volleyball players, 
however, it did reduce the severity injuries, of both overuse 
and acute mechanisms. 
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Background  
There are multiple personal and environmental factors that influence the risk of 
developing running-related injuries (RRIs). However, it is unclear how these key clinical 
factors differ between adult and adolescent runners. 

Purpose  
The purpose of this study was to compare anthropometric, training, and self-reported 
outcomes among adult and adolescent runners with and without lower extremity 
musculoskeletal RRIs. 

Study Design   
Cross-sectional study. 

Methods  
Questionnaire responses and clinical assessment data were extracted from 38 adult 
runners (F: 25, M: 13; median age: 23 [range 18-36]) and 91 adolescent runners (F: 56, M: 
35; median age: 15 [range 14-16]) who underwent a physical injury prevention evaluation 
at a hospital-affiliated sports injury prevention center between 2013 and 2021. 
Participants were sub-grouped into those with (adults: 25; adolescents: 38) and those 
without (adults: 13; adolescents: 53) a history of self-reported RRIs based on 
questionnaire responses. Multivariate analyses of covariance (MANCOVA) covarying for 
gender were conducted to compare outcomes across groups. 

Results  
Adult runners had lower Functional Movement Screen™ (FMS™) scores (mean 
differences [MD]: -1.4, p=0.01), were more likely to report intentional weight-loss to 
improve athletic performance (% difference: 33.0%; p:<.001), and more frequently 
included resistance training into their training routines (% difference: 21.0%, p=0.01) 
compared to adolescents. Those with a history of RRIs were more likely to report 
intentional weight-loss compared to uninjured runners (% difference: 21.3; p=0.02) and 
had shorter single leg bridge durations than those without RRIs (RRI: 57.9±30, uninjured: 
72.0±44, p=0.01). 

Conclusion  
The findings indicate that addressing aspects of biomechanics identified by the FMS™ 
and behaviors of weight loss as an effort to improve performance may represent targets 
for the prevention of RRIs for adult and adolescent runners, given the association with 
history of RRIs. 
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Level of Evidence    
3 

INTRODUCTION 

Runners of all ages and abilities are susceptible to muscu-
loskeletal running-related injuries (RRIs) with average inci-
dence rates ranging between 15-62% across epidemiologi-
cal studies.1–3 Many RRIs result in time-loss from sport,4,5 

and often lead to re-injury throughout athletes’ ca-
reers.1,6,7 There are considerable physical and mental 
health consequences as a result of pausing or stopping run-
ning participation due to injury.8–10 These concerns high-
light the need to move towards the prevention of RRIs. 
There are numerous personal and environmental factors 

that influence runners’ tissue load tolerance and contribute 
to the development of RRIs.6,11–13 Running imposes con-
siderable cumulative loads on lower extremity static and 
dynamic structures, with peak forces reaching approxi-
mately two- to three-times a runner’s body weight per 
step.14 As such, RRIs are often attributed to altered lower 
extremity alignment,1,15,16 limited range of motion at the 
foot and ankle,17,18 altered functional movement patterns 
during fundamental tasks,19,20 and decreased lower ex-
tremity muscle strength that inherently limit load attenu-
ation.6,21,22 Furthermore, additional intrinsic dietary con-
siderations relating to relative energy deficiency in sport 
(RED-S) have been consistently linked with repetitive stress 
RRIs.23 In conjunction with these personal factors, training 
errors that predispose the body to abrupt increases in run-
ning volume and higher training intensities have been fre-
quently attributed to the risk of developing RRIs.1,3,24,25 

The majority of these aforementioned risk factor assess-
ments have been investigated in adult runners. 
Youth athletes undergo substantial developmental 

changes and periods of rapid growth that influence these 
factors and subsequent responses to environmental stres-
sors.26,27 As such, the risk factors noted among adult run-
ners cannot validly be extrapolated to adolescent runners. 
While there have been increased efforts to evaluate risk fac-
tors for RRIs among adolescent runners,6,27 there are no 
known studies that have explicitly compared factors be-
tween adult and adolescent runners. Specifically a recent 
youth running consensus statement reflected a dearth in 
available information on biomechanical factors contribut-
ing to RRIs, and highlighted the need to fill in this gap 
in knowledge.6 Such a comparison would provide clinicians 
with information on age-related adaptations and insights 
into specific risk factors for RRIs with which they might 
hone future injury prevention efforts. 
The purpose of this study was to compare anthropomet-

ric, training, and wellness factors among adult and adoles-
cent runners with and without a history of lower extrem-
ity musculoskeletal RRIs. The primary hypothesis was that 
there would be significant differences for clinical measures 
and training volume between age groups due to develop-
mental differences. It was additionally anticipated that 
lower FMS™ scores, lower strength and muscular en-
durance, and more weight-loss behaviors among runners 

with a history of RRIs compared to those without a history 
of RRIs. 

METHODS 

This was a cross-sectional study of existing data from adult 
(≥18 years of age) and adolescent (<18 years of age) male 
and female athletes who underwent an Injury Prevention 
Evaluation at a hospital-affiliated sports injury prevention 
center between the years 2013 and 2021 (1,051 athletes 
total in complete dataset). Participants were included in 
this analysis if they indicated that their primary sport was 
cross-country, long-distance running, or track (distance 
running events only; 800m+), and reported that they either 
had no lower extremity injury history, or that they had a 
running-related lower extremity injury. Athletes with non-
running-related injuries or incomplete data were excluded 
from analyses. This study was approved by the hospital’s 
Institutional Review Board (IRB-P00016162), and informed 
consent was waived due to the retrospective nature of the 
study. 

INJURY PREVENTION EVALUATION 

Injury prevention evaluations (IPEs) are designed to mea-
sure potential risk factors for injury, determined by the 
athletes’ sports, and ultimately develop a prescription for 
reducing the risk of injury by addressing modifiable risk 
factors or augmenting training to offset non-modifiable 
risk factors. IPEs are completed when athletes are unin-
jured. During an IPE, athletes completed a questionnaire 
that included demographic variables; sport participation; 
training volume, intensity, and frequency; inclusion of re-
sistance training into their training regimen; weekday sleep 
quantity; and intentional weight-loss to improve athletic 
performance. The questionnaire was generated by a local 
expert panel of physicians treating adolescent athletes; and 
questions pertaining to weekday sleep quantity using the 
validated Patient-Reported Outcomes Information System 
(PROMIS) Pediatric Daytime Sleepiness Scale,28 and 
weight-loss using the Food Frequency Questionnaire.29 

Participants reported a history of sport-related injuries ever 
incurred during sport participation and treated by a medical 
doctor from 25 possible diagnoses (Appendix 1), including 
which sport they were participating in when they developed 
the injury. Only injuries incurred during running were in-
cluded in analyses, and these data were used to group adult 
and adolescent runners into RRI and uninjured groups. 
Following the intake questionnaire, injury prevention 

specialists (athletic trainers or strength and conditioning 
specialists with master’s level training in kinesiology) con-
ducted a comprehensive clinical assessment for each ath-
lete. Based on currently available literature and clinical ex-
pertise, data was extracted pertaining to quadriceps angle 
(Q-angle),30 leg length,31 hip abduction strength,21,22,32,33 

dorsiflexion range of motion,18,34 single leg bridge duration 
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(in seconds), and the FMS™ screen composite score.20,35 

Handheld goniometers and dynamometers were used to 
conduct physical assessments using standard clinical meth-
ods.36,37 

STATISTICAL ANALYSES 

Personal characteristics data were not normally distributed 
(p<0.05), and, as such, median and interquartile range sum-
mary statistics, Mann-Whitney U tests (continuous out-
comes), and Chi-square tests (categorical outcomes) were 
used to compare demographics and anthropometrics by age 
group (adults, adolescents) and injury history (RRI, un-
injured). Questionnaire and physical assessment outcome 
measures met assumptions for normality, and, therefore, 
parametric tests were used for statistical analyses. Multi-
variate analyses of covariance (MANCOVAs) covarying for 
gender were conducted to compare questionnaire and phys-
ical assessment measures across age groups and injury his-
tory categories. Alpha was set a priori to .05, and Tukey’s 
post-hoc assessments were conducted in the event of sig-
nificant group-level differences or interactions. 

RESULTS 

There were 129 runners that met the inclusion criteria for 
this study (38 adults [25 RRI, 13 Uninjured], 91 adolescents 
[38 RRI, 53 Uninjured]) comprising 12.3% of IPE athlete 
database. (Table 1). The majority of runners participated 
in track running events (43.4%), and were white (89.9%). 
Past RRIs self-reported included ankle sprains (49.2%), shin 
splints (25.4%), lower extremity stress fractures (20.6%), 
and plantar fasciitis (4.8%). Adult runners had higher BMIs 
compared to adolescent runners, and a larger proportion of 
adolescent runners ran cross-country compared to adults 
(Table 1). 
Adult runners more frequently reported intentional 

weight-loss to improve athletic performance (47% of adults 
vs. 14% of adolescents; p<0.001; Table 2), and had lower 
FMS™ composite scores compared to adolescent runners 
(Mean Difference with Standard Error [MD]: -1.3 [0.6], 
p=0.02). Similarly, runners with a history of RRIs more fre-
quently reported intentional weight-loss to improve ath-
letic performance (34.9% RRI vs. 13.6% Uninjured, p=0.02), 
and had lower FMS™ composite scores than uninjured run-
ners (MD: -1.4 [0.5], p=0.01; Table 2). 
Adult runners more frequently included resistance train-

ing into their training regimens compared to adolescent 
counterparts (72% of adults vs. 47% of adolescents; p=0.01; 
Table 2), however, was not significantly different for those 
with and without RRIs. Regardless of age, runners with 
a history of RRIs had shorter single leg bridge durations 
than uninjured runners (MD: -14.1s [8.1s], p=0.01; Table 2). 
There were no significant interactions between age by in-
jury group for any of the clinical outcomes assessed in the 
analyses. 

DISCUSSION 

This is the first study that has compared adult and adoles-
cent runners with and without RRIs to determine if there 
were age-related differences across physical, training, and 
self-reported factors. The group-level comparisons re-
flected key differences in weight-loss behaviors and FMS™ 
scores between adults and adolescents, and between in-
jured and uninjured runners. However, there were no iden-
tified age by injury interactions for any of the measures, 
indicating similar risk factors may contribute to the devel-
opment of RRIs for adult and adolescent runners. Clinicians 
may use this information to guide future injury prevention 
efforts. 

CLINICAL ASSESSMENTS 

Adolescent and uninjured runners had higher movement 
quality scores than adult and runners with a history of RRIs, 
respectively. Previous studies have identified that FMS™ 
performance scores decrease with older age even among 
physically active adults.35 However, physically active ado-
lescents have better FMS™ scores than physically inactive 
adolescents, attributed to improved muscular coordination 
through early sport participation.38 Furthermore, studies 
show that tactical athletes with FMS™ scores less than 
14 are at increased risk of sustaining musculoskeletal in-
juries.19,20 This same association has not previously been 
established in RRIs; however, the current findings indicate 
that there is an association between lower FMS™ scores 
and RRIs history overall, but not disproportionately af-
fected by runners’ age. 
Contrary to the proposed hypotheses, there were no 

identified significant differences between age nor injury 
groups for hip abduction strength or dorsiflexion ROM 
measures. Previous studies present conflicting findings on 
lower extremity strength measures in relationship to injury 
development.21,22,39 The most consistent evidence indi-
cates that gluteal muscle weakness is associated with 
patellofemoral pain (PFP)15,21,40; however, no runners had 
PFP in our sample. Other assessments, however, have iden-
tified inadequate pelvic control, which has been attributed 
to poor muscular endurance, as a risk factor for injury 
across lower extremity injury types.32,41,42 In our study, 
those with a history of RRIs had significantly decreased sin-
gle leg bridge duration compared to the uninjured group, 
supporting the association between impaired neuromuscu-
lar control and injury risk. Addressing gluteal endurance 
among runners might improve pelvic control during sus-
tained activity.43 

TRAINING FACTORS 

Running training volume and strenuous exercise frequency 
as a proxy for intensity were similar across age groups 
and between injured and uninjured groups. This finding 
may be partially attributed to the timing of the IPE assess-
ment, as those with a history RRIs may have adjusted their 
training regimens due to injury. Additionally, this study at-
tempted to measure a different facet of training volume 
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Table 1. Comparison of adult and adolescent runners with and without running-related injuries.            

Variable Adult Runners Adolescent Runners 
p-value 

(age 
groups) 

p-value 
(injury 
status) 

Uninjured 
N=13 

(Median [IQR]) 

RRI 
N=25 

(Median [IQR]) 

Uninjured N=53 
(Median [IQR]) 

RRI 
N=38 

(Median [IQR]) 

Gender F: 9, M:4 F: 16, M:9 F: 29, M: 24 F: 27, M:11 0.33 0.72 

Age 
(years) 

24 (21, 43) 21 (18, 33) 15 (13, 15) 15 (14, 16) <0.001* 0.13 

Race 

White (N=11) 
Black (N=1) 

Prefer not to 
answer (N=1) 

White (N=23) 
Black (N=1) 
Asian (N=1) 

White (N=46) 
Black (N=2) 
Asian (N=3) 

Native Hawaiian or 
Other Pacific 

Islander (N=1) 
Prefer not to 
answer (N=1) 

White (N=36) 
Black (N=1) 

Prefer not to 
answer (N=1) 

0.89 0.32 

BMI 
(kg/m2) 

21.7 (19.9, 
24.8) 

23.8 (22.5, 
26.0) 

20.0 (18.3, 22.3) 
19.8 (18.6, 

21.6) 
<0.001* 0.61 

Leg 
Length 
Discre-

pancy (cm) 

0.19 (0, 0.50) 0.26 (0, 0.50) 0.26 (0, 0.50) 0.28 (0, 0.50) 0.84 0.39 

Q-Angle 
(°) 

10 (8, 13) 11 (10, 14) 10.5 (10, 14) 10.5 (9, 12) 0.92 0.14 

Primary 
Running 

Sport 

Cross-Country: 
N=1 

Track: N=4 
Long-Distance 
Running: N= 8 

Cross-Country: 
N=6 

Track: N=7 
Long-Distance 
Running: N=12 

Cross-Country: 
N=23 

Track: N= 23 
Long-Distance 
Running: N=7 

Cross-Country: 
N=15 

Track: N=22 
Long-Distance 
Running: N=1 

<0.001* 0.38 

RRI 
History 

Ankle Sprains: 
N=15 

Shin Splints: 
N=4 

Stress 
Fractures: N=4 

Plantar 
Fasciitis: N=3 

Ankle Sprains: 
N=16 

Shin Splints: 
N=12 
Stress 

Fractures: N=9 
Plantar 

Fasciitis: N=0 

0.67 

Abbreviations: IQR, interquartile range; BMI, body mass index; Q-angle, quadriceps angle. 
*Signifies statistically significant difference at p≤0.05 

beyond weekly mileage, as distance often overlooks the 
quality and time under tension associated with an individ-
ual run.44 However, previous studies comparing young and 
middle-aged adult runners have identified that older age 
compounded with higher weekly mileage resulted in altered 
lower extremity joint kinetics.45 There is also limited evi-
dence to suggest that higher weekly mileage is a risk factor 
for RRIs among male adolescent runners during pre-season 
training.1 These past associations suggest there may be a 
benefit to assessing weekly mileage in relationship to RRI 
development across age groups; however, the present find-
ings do not support that training time and strenuous ex-
ercise frequency differ across age groups or between those 
with a history of RRIs and those without. 
Adult runners in this sample were more likely to include 

resistance training into their exercise plans. Skeletal mus-
cle mass peaks between 20 to 40 years of age and then 
gradually declines, emphasizing the importance of incorpo-
rating early strengthening to capitalize on the body’s neu-
romuscular potential.46 While there was not an association 

between strength training and RRI, there are additional 
known benefits of incorporating strength training beyond 
the context of injury development. Strengthening has been 
shown to improve running economy beyond other forms of 
cross-training in adult populations.47 Additionally, resis-
tance training leads to muscle tissue remodeling to improve 
strength and load capacity contributing to performance.47 

The present findings that adolescents less frequently incor-
porate strengthening into their training regimens under-
score the need to educate adolescent runners on the known 
physiological benefits of resistance training. 

WELLNESS MEASURES 

Intentional weight-loss to improve athletic performance 
was more common among adult runners than adolescent 
runners. This outcome was anticipated given that metab-
olism declines with age, exemplified in the included par-
ticipants’ BMI characteristics.48 Adolescents are inherently 
involved in more structured activities through physical ed-
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Table 2. Comparison of adult and adolescent runners with and without running-related injuries.            

Variable Adult Runners Adolescent Runners 
p-value 

(age 
groups) 

p-value 
(injury 
status) 

p-value 
(age 

groups* 
injury 

status) 

Uninjured 
(N=13) 

RRI 
(N=25) 

Uninjured 
(N=53) 

RRI 
(N=38) 

Total Hours of 
Running Per 

Week (hours) 
9.6 ± 8.8 11.1 9.5 9.6 ± 8.8 13.3 ± 10.8 0.68 0.07 0.19 

Strenuous 
Exercise 

Frequency 
(times/week) 

3.2 ± 2.6 3.2 ± 2.2 2.8 ± 2.2 3.2 ± 2.6 0.28 0.76 0.40 

Inclusion of 
Weight Training 

Yes: 76% 
No: 24% 

Yes: 69% 
No: 31% 

Yes: 55% 
No: 45% 

Yes: 37% 
No: 63% 

0.01* 0.17 0.61 

Hours of 
Weekday Sleep 

(hours) 
7.5 ± 1.1 7.6 ±1.0 7.8 ± 1.1 7.5 ± 1.1 0.23 0.53 0.57 

Intentional 
Weight-Loss 

Yes: 31% 
No: 69% 

Yes: 56% 
No: 44% 

Yes: 9% 
No: 91% 

Yes: 21% 
No: 79% 

<0.001* 0.02* 0.96 

Dorsiflexion 
ROM (°) 

-0.4 ± 9.9 2.2 ± 10.1 1.61 ± 9.7 -0.38 ± 9.9 0.25 0.26 0.51 

Hip Abduction 
Strength (Nm/

kg) 
118 ± 33 112 ± 32 120 ± 30 112 ± 28 0.28 0.18 0.45 

Single Leg 
Bridge Duration 

(s) 
76.0 ± 50.0 58.0 ± 31.0 68.0 ± 39.6 57.7 ± 30.5 0.22 0.01* 0.28 

FMSTM 

Composite 
Score 

14 ± 3 11 ± 3 14 ± 3 13 ± 3 0.02* 0.01* 0.21 

Abbreviations: RRI, running-related injury; ROM, range of motion; FMS™, Functional Movement Screen™. 
*signifies statistically significant difference at p<0.05. 

ucation programs in schools designed to combat adolescent 
weight gain which reduces the need to engage in inten-
tional weight loss behaviors.49 Adolescents additionally re-
quire increased caloric intake to support adequate growth 
and maturation.50 However, athletes that reported inten-
tional weight-loss behaviors were more likely to report a 
history of RRIs regardless of age. Disordered eating and 
caloric restriction associated with RED-S for male and fe-
male athletes alike have been identified as independent risk 
factors for bone stress injuries.6,23,51 Bone mineral den-
sity is lowest prior to peak growth velocity26 and steadily 
declines with age, especially with insufficient nutrition.52 

Sufficient dietary intake is essential for neuromuscular re-
covery from exercise,53,54 and, as such, restricted fueling 
associating with intentional weight-loss strategies has im-
portant implications for risk of developing RRIs. 

FUTURE DIRECTIONS 

The current assessment identified key age-related changes 
associated with personal and environmental factors, yet 
this study found that age groups were similar in terms of 
risk factors for developing RRIs. While this hypothesis-gen-
erating study is an important preliminary step to expound-

ing differences between adolescent and adult runners, fu-
ture work should focus on additional running-specific 
factors as they compare across age groups and risk of RRIs. 
Furthermore, prospective studies in larger samples includ-
ing other prevalent RRIs, such as PFP, are warranted. There 
is a robust body of literature exploring the effects of aging 
on running biomechanical characteristics. While previous 
work has found age-related biomechanical changes among 
middle-aged and master’s level runners (ages 65+) com-
pared to younger adults,45,55,56 it is necessary to expand 
these examinations across the age spectrum. 

LIMITATIONS 

As this was a cross-sectional study, causation was not able 
to be established. This adult running sample was relatively 
small and consisted of younger adult runners, limiting ex-
trapolation to the greater adult running community. This 
population of runners self-reported only select RRIs, thus, 
our findings may not necessarily translate to other RRI di-
agnoses. Finally, this sample was predominately white and 
consisted of runners undergoing an injury prevention eval-
uation in a small geographic area, and as such the findings 
should be interpreted in the context of these limitations. 
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CONCLUSION 

Intentional weight-loss for the purposes of improving ath-
letic performance and lower FMS™ scores were each as-
sociated with a history of running related injury for both 
adult and adolescent runners, suggesting these risk factors 
are important across age groups. As such, these factors may 
represent targets for the prevention of adult and adolescent 
RRIs. 
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Background  
Cervical (neck) strengthening has been proposed as an important factor in concussion 
prevention. The purpose of the study was to determine if a six-week cervical 
strengthening program affected neurocognition and purposeful soccer heading 
biomechanics. The hypothesis was that the neck strengthening program would improve 
strength, maintain neurocognition, and alter purposeful soccer heading biomechanics. 

Study Design   
Randomized controlled trial. 

Methods  
Twenty collegiate soccer athletes (8 males, 12 females, age=20.15±1.35 years, 
height=171.67±9.01 cm, mass=70.56±11.03 kg) volunteered to participate. Time (pre, 
post) and group (experimental, control) served as the independent variables. Four 
composite scores from the CNS Vital Signs computer based neurocognitive test (CNSVS; 
verbal memory, visual memory, executive function, reaction time) and aspects of heading 
biomechanics from inertial measurement units (xPatch; peak linear acceleration, peak 
rotational acceleration, duration, Gadd Severity Index [GSI]) served as the dependent 
variables. Each athlete completed a baseline measure of neck strength (anterior neck 
flexors, bilateral anterolateral neck flexors, bilateral cervical rotators) and CNSVS after 
heading 10 soccer balls at two speeds (11.18 and 17.88 m/s) while wearing the xPatch. 
The experimental group completed specific cervical neck strengthening exercises twice a 
week for six weeks using a Shingo Imara™ cervical neck resistance apparatus while the 
control group did not. After six weeks, the participants completed the same heading 
protocol followed by measurement of the same outcome variables. The alpha value was 
set to p<0.05 a priori. 

Results  
The interaction between time and group was significant for visual memory (F1,17=5.16, 
p=0.04, η2=0.23). Interestingly, post hoc results revealed visual memory decreased for the 
control group from pretest (46.90±4.46) compared to posttest (43.00±4.03; mean 
difference=3.90, 95% CI=0.77-7.03, p=0.02). Interactions for all other dependent variables 
were not statistically significant (p>0.05). 

Conclusions  
The cervical neck strengthening protocol allowed maintenance of visual memory scores 
but did not alter other neurocognitive measures or heading biomechanics. The link 
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between cervical neck strengthening and concussion predisposition should continue to 
be explored. 

Level of Evidence    
Level 1b 

INTRODUCTION 

In sports across the globe, some of the most investigated 
injuries are those related to the head. Most people associate 
concussions and head-related injuries with American foot-
ball. However, a study using the National Collegiate Ath-
letic Association Injury Surveillance System found that 
8.6% of injuries to women’s soccer athletes were concus-
sions as well as 5.8% of injuries in men’s soccer athletes.1 

In fact, this number is potentially much larger considering 
more than 50% of concussions go unreported.2–6 There-
fore, the number of concussions reported during soccer ac-
tivity is likely a conservative measure of incidence. 

In addition to concern over concussion in sport, repet-
itive head impacts without immediate clinical manifesta-
tion may cause long term consequences including negative 
brain health.7–13 On average, players head the ball six to 12 
times in a competitive soccer match where the ball could 
travel over 22 m/s in amateur games.14 Since soccer is the 
world’s most popular sport and includes more than 265 mil-
lion players worldwide, soccer heading is a common cause 
for repetitive head impacts.15 However, the relationship 
between subconcussive heading and brain injury remains 
poorly understood.16–18 There have been multiple studies 
where researchers have found cognitive dysfunction or neg-
ative brain alterations after purposeful heading.2–6,10,13 

However, another study has shown that there is no detri-
mental relationship between the number of purposeful 
headers and neurocognitive measures.18 Therefore, it re-
mains unknown how repetitive head impacts may affect 
long term brain health. 

Since head impact magnitude has been linked to injury 
predisposition,19 it is important to understand how to mit-
igate the energy received when the head is impacted during 
soccer participation. Purposeful heading includes repetitive 
low-level impacts and the magnitude transferred to the 
head can depend on many factors. Of these factors, neck 
strength is one that has received considerable recent at-
tention in the literature. A correlation has been shown be-
tween neck strength and head impact kinematics where 
individuals with higher neck strength measurements had 
lower head accelerations upon impact.20–22 Weaker mean 
overall neck strength was significantly associated with con-
cussion and that for every pound of neck strength that ath-
letes gain, their chances of a concussion decreases by five 
percent.20 Therefore, the current study investigated a way 
to minimize head accelerations by testing one possible in-
tervention. The purpose of the study was to determine if a 
six-week cervical strengthening program affected strength, 
neurocognition, and purposeful soccer heading biomechan-
ics. The following research questions underpinned the pur-
pose: (1) Would a six-week neck strengthening program 
improve neck strength in soccer players?, (2) What effect 

would a six-week neck strengthening program have on head 
impact biomechanics during purposeful soccer ball head-
ing?, and (3) What effect would a six-week neck strengthen-
ing program have on neurocognitive outcomes after a bout 
of purposeful soccer ball heading? The hypothesis was that 
the strengthening program would increase neck strength 
which would in turn decrease the impact magnitude the 
head experiences upon purposeful heading and maintain or 
improve (learning effect) players’ neurocognition after pur-
poseful heading. 

METHODS 
PARTICIPANTS 

A total of 20 varsity collegiate soccer players participated 
in this study (12 female, 8 males, age = 20.15±1.35 years, 
height = 171.67±9.01 cm, mass = 70.56±11.03 kg). Each par-
ticipant was over the age of 18 and signed a consent form 
approved by the host institution’s human subjects review 
board. The participants also played a variety of positions 
such as forward (N=4), midfield (N=8), defender (N=5) and 
goalie (N=3). A breakdown of demographics between the 
two groups can be found in Table 1. 

PROCEDURES 

Prior to beginning data collection, the Institutional Review 
Board at the University of Lynchburg approved the study. 
All men’s and women’s soccer athletes at one institution 
sponsoring National Collegiate Athletic Association Divi-
sion III athletics were sent an email that provided infor-
mation on the study and were asked to respond if they 
were interested in participating. To begin the study, partic-
ipants signed the informed consent form to be made aware 
of all the risks and benefits of the study. Next, the partic-
ipants’ height, mass, neck girth, and neck segment length 
were measured. Participants’ height was measured in cen-
timeters (cm) with a stadiometer (Seca Model 222, Ham-
burg Germany) and mass was measured in kilograms (kg) 
using a scale (Tanita BWB-800 Tokyo, Japan). While the 
participants were sitting straight and looking at an object 
at eye level, the head-neck segment length and neck girth 
was measured in cm with a metric tape measure. The par-
ticipants’ head-neck segment lengths were measured in a 
straight line using a tape measure from the seventh cervi-
cal vertebrae to the most superior region of the head ob-
served in the frontal plane.23 The participants’ neck girth 
was measured just above the thyroid cartilage.24 

After anthropometrics were recorded, half of the male 
and half of the female athletes were randomly selected for 
the experimental group while the other half served as the 
control group. A random number generator was used to de-
termine group membership, and the researcher who col-
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Table 1. Demographic information across experimental and control groups.        

Experimental Control Comparison 

Age 20.57±1.13 19.44±1.42 p=0.04, Cohen’s d=1.03 

Height 177.43±7.79 169.00±8.56 p=0.13, Cohen’s d=0.79 

Mass 75.94±11.44 66.23±9.93 p=0.09, Cohen’s d=0.92 

Neck Girth 37.50±2.78 34.06±2.79 p=0.03, Cohen’s d=1.14 

Neck Length 24.71±0.76 23.11±1.97 p=0.14, Cohen’s d=0.77 

lected all data was blinded to group membership. Before 
completing the baseline tests, the athletes participated in a 
neck warm up to reduce the possibility of injury. The neck 
warm up consisted of neck rotations (15 seconds (s) clock-
wise and 15 s counterclockwise) and neck stretching (two 
repetitions each of 15 s for flexion and extension).23 Each 
athlete completed a series of neck strength tests, purpose-
ful heading biomechanics tests, and a battery of cognitive 
tests to serve as baselines for a comparison later in the 
study. The experimental group followed a neck strengthen-
ing program for six weeks as part of the normal strength 
and conditioning program, and the control group did not 
perform neck strengthening exercises. However, both 
groups participated in the same soccer specific strength and 
conditioning program as prescribed by the team Certified 
Strength and Conditioning Specialist. After the six weeks 
of neck strength training, the participants completed the 
same series of neck strength tests, purposeful heading bio-
mechanics tests, and battery of cognitive tests to compare 
to the baseline testing results. 

NECK STRENGTH TESTING 

One research team member measured neck strength as de-
scribed by Kendall et al.25 with an isometric dynamometer 
(MicroFET®2 Digital Handheld Dynamometer, Hogan Sci-
entific, Salt Lake City, UT). Using an isometric dynamome-
ter has been found to be a reliable and valid measure of 
cervical muscle strength in a seated position.26 However, 
strength was measured in a supine or prone position as de-
scribed by Kendall et al.25 Strength measurements of the 
anterior neck flexors (Figure 1A; in supine the participants 
attempted to lift the head straight up), bilateral anterolat-
eral neck flexors (Figure 1B; in supine the participants at-
tempted to lift the head with the head turned completely 
in one direction/the other direction), bilateral cervical rota-
tors (Figure 1C; in supine the participants turned the head 
to the left/right), and bilateral posterolateral neck exten-
sors (Figure 1D; in prone participants raised their heads 
with their head completely turned to left/right) were 
recorded. In order to familiarize the participants with the 
testing method, they completed two practice trials followed 
by three recorded trials for each direction of motion. Par-
ticipants rested for 30 seconds between each trial and each 
trial lasted for three seconds. The mean for each position 
was calculated based on the three trials and used for analy-
sis. 

Figure 1. Positions for neck strength measurements:      
anterior neck flexors (A), bilateral anterolateral neck        
flexors (B), bilateral cervical rotators (C), bilateral        
posterolateral neck extensor (D)     

PURPOSEFUL HEADING BIOMECHANICS TESTING 

A JUGS soccer machine (JUGS Inc., Tualatin, OR) was used 
to simulate a kick that soccer players would be most likely 
to head in a game or practice. The speed of the ball coming 
out of the machine was adjusted to two different speeds to 
simulate low and high velocities of balls that players head 
during games or practices. A size five soccer ball pumped 
to 5,624.55 kgf/m² was dispensed out of the JUGS machine 
35 m away from participants at 11.18 and 17.88 m/s as de-
scribed in a previous study.1 Each participant received five 
balls at each speed with a one-minute rest between balls. 
The participants were assigned a numbered inertial mea-
surement unit (xPatch sensor, X2 Biosystems, Seattle, WA) 
that they wore while heading the 10 soccer balls. The sen-
sor was applied over the right mastoid process with an ad-
hesive patch. The xPatch sensor was used to measure the 
magnitude of the impact of the ball on the head in peak 
linear acceleration (PLA; g) and peak rotational accelera-
tion (PRA; deg/s2), common metrics used to characterize 
head impact biomechanics as they are thought to be re-
lated to injury risk.19 The xPatch sensor also provided im-
pact duration (time the ball and head made contact), and 
Gadd Severity Index (GSI). Higher durations would result 
in greater force transmission which may have clinical im-
plications leading to the inclusion of duration as a depen-
dent variable. The GSI scores provided information regard-
ing the likelihood of an impact causing catastrophic head 

Exploring the Effects of a Neck Strengthening Program on Purposeful Soccer Heading Biomechanics and Neurocognition

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/38327-exploring-the-effects-of-a-neck-strengthening-program-on-purposeful-soccer-heading-biomechanics-and-neurocognition/attachment/99847.png?auth_token=zvky8FVLjkS-cZKL7Ll3


injury.27 Although the xPatch has been shown to overesti-
mate head impact magnitude,28 it serves to facilitate fre-
quency and magnitude comparisons between groups when 
all of the participants wear the sensors29 which was the 
case in the current study. Head mounted sensors like the 
xPatch have been found to provide an accurate detection 
of the peak angular acceleration when compared to other 
helmet mounted systems.29 Once the purposeful heading 
biomechanics test was completed, the sensor was removed, 
placed back on the charging dock, and the data were down-
loaded using a laptop computer (Apple Inc, Macbook Air, 
Cupertino, California). 

COGNITIVE TESTING 

After participants finished the purposeful heading biome-
chanics test, they completed the CNS Vital Signs (CNSVS) 
computer based cognitive test. The test was used to es-
tablish the participants’ neurocognitive performance and 
symptom load. The CNSVS provided data regarding the par-
ticipant’s verbal memory, visual memory, executive func-
tion, reaction time, and symptom severity scores. Higher 
values indicate better performance for verbal memory, vi-
sual memory, and executive function. Lower reaction time 
scores indicate superior performance and higher symptom 
severity scores indicate more symptoms. Age adjusted stan-
dard scores for verbal memory, visual memory, and execu-
tive function were used while reaction time was measured 
in milliseconds. Symptom severity scores (range=0-144) 
summed the individual symptom scores on a 0-6 scale 
(0=none at all, 1-2=mild, 3-4=moderate, 5-6 severe). Scores 
were reported in the CNSVS detailed test result reports. 
CNSVS has been found to have reasonable test-retest relia-
bility previously in broad populations.30,31 

NECK STRENGTHENING PROTOCOL 

After the baseline testing was complete, the participants 
in the experimental group participated in a six-week neck 
strengthening program (three times per week) created by a 
Certified Strength and Conditioning Specialist. The Shingo 
Imara™ (Shingo Imara, Ann Arbor, Michigan) was used 
to provide resistance during neck strengthening exercises. 
The participants completed the number of repetitions and 
sets represented in Table 2 for each of four exercises, re-
sisted cervical flexion, extension, and lateral flexion on 
both sides from a seated position (Figure 2). 

A Certified Strength and Conditioning Specialist mon-
itored all exercise prescription, progression, and strength 
training sessions. The exercises were chosen because they 
were thought to target the neck muscles most utilized for 
purposeful heading. 

STATISTICAL ANALYSIS 

The data were collected and organized in an Excel (2013 
version, Microsoft Inc., Redmond, WA) spreadsheet for fur-
ther analysis. In this study there were two independent 
variables, group (experimental and control, between factor) 
and time (pre and post, within factor). The dependent vari-

Table 2. Strength training prescription during the six-     
week protocol   

Week Sets Repetitions 

Week 1 1 10 

Week 2 1 12 

Week 3 1 15 

Week 4 2 10 

Week 5 2 12 

Week 6 2 15 

Figure 2. Example of cervical extension strengthening      
exercise using the Shingo Imara (Shingo Imara, Ann         
Arbor, Michigan)   

ables were neck strengthening measurements for each di-
rection; PLA, PRA, duration, and GSI for heading biome-
chanics at each of the two speeds; and verbal memory, 
visual memory, executive function, reaction time, and 
symptom severity scores from the cognitive testing. There-
fore, a 2x2 mixed model ANOVA was used to analyze the 
data from each dependent variable separately in SPSS (Ver-
sion 26, IBM, Inc, Armonk, NY). Partial eta squared (ηp

2) 
was calculated as an effect size for the interactions and Co-
hen’s d as an effect size for post hoc tests. Results were in-
terpreted with ηp

2=0.01 indicating a small effect, ηp
2=0.06 

indicating a medium effect and ηp
2=0.14 indicating a large 

effect32 while Cohen’s d was interpreted as d=0.2 as small, 
d=0.5 as medium, and d=0.8 as large.33 The alpha value was 
set to p<0.05 a priori and Bonferroni post hoc tests were 
used to determine where significant pairwise differences 
existed for significant interactions. 
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Table 3. Mean and standard deviations for strength testing dependent variables          

Strengthening Group Control Group 
Interaction 

Pre Post Pre Post 

Anterior Strength 20.72±5.54 28.29±7.25 16.41±4.50 20.11±4.96 p=0.04, ηp
2=0.22 

Right Anterolateral Strength 19.91±5.49 26.68±5.78 16.45±3.80 18.97±3.95 p=0.04, ηp
2=0.22 

Left Anterolateral Strength 19.58±5.45 26.43±7.04 16.91±4.69 19.18±4.11 p=0.02, ηp
2=0.28 

Right Rotation Strength 19.32±4.98 21.37±5.19 17.20±3.70 16.52±3.08 p=0.16, ηp
2=0.11 

Left Rotation Strength 19.61±4.86 21.20±3.84 18.03±4.22 17.09±3.28 p=0.09, ηp
2=0.16 

Right Posterolateral Strength 27.04±7.40 35.15±7.21 25.94±5.03 29.96±5.50 p=0.10, ηp
2=0.15 

Left Posterolateral Strength 27.88±6.64 36.37±9.78 27.09±5.71 30.30±6.42 p=0.10, ηp
2=0.14 

RESULTS 
NECK STRENGTH 

Means and standard deviations for strength testing depen-
dent variables can be found in Table 3. The interaction 
between time and group was significant for anterior 
(F1,17=41.78, p=0.04, ηp

2=0.22), right anterolateral 
(F1,17=4.80, p=0.04, ηp

2=0.22), and left anterolateral 
(F1,17=6.48, p=0.02, ηp

2=0.28) strength measurements. Post 
hoc tests showed strength improved pre- to post-interven-
tion measures in the anterior direction for both the 
strengthening (p<0.001) and the control (p=0.02) groups, 
but only for the strengthening group for right anterolateral 
(p<0.001) and left anterolateral (p<0.001) directions. The 
interaction between time and group was not significant 
for right rotation (F1,17=2.12, p=0.16, ηp

2=0.11, 1-β=0.28), 
left rotation (F1,17=3.20, p=0.09, ηp

2=0.16, 1-β=0.39), right 
posterolateral (F1,17=2.98, p=0.10, ηp

2=0.15, 1-β=0.37), or 
left posterolateral (F1,17=2.86, p=0.10, ηp

2=0.14, 1-β=0.36) 
strength measurements. 

PURPOSEFUL HEADING BIOMECHANICS 

Means and standard deviations for heading biomechanics 
dependent variables can be found in Table 4. There was 
no interaction present between group and time for PLA at 
11.18 m/s (F1,11=0.66, p=0.43, ηp

2=0.06, 1-β=0.12) or PLA 
at 17.88 m/s (F1,11=0.98, p=0.34, ηp

2=0.08, 1-β=0.15). There 
was also no interaction present between group and time for 
PRA at 11.18 m/s (F1,11=0.003, p=0.96, ηp

2<0.01, 1-β=0.05) 
or for PRA at 17.88 m/s (F1,11=0.002, p=0.97, ηp

2<0.001, 
1-β=0.05). There was no interaction present between group 
and time for head impact duration at 11.18 m/s (F1,11=0.41, 
p=0.53, ηp

2=0.04, 1-β=0.09) or at 17.88 m/s (F1,11=0.08, 
p=0.79, ηp

2=0.01, 1-β=0.06). Finally, there was no inter-
action present between group and time for GSI at 11.18 
m/s (F1,11=1.03, p=0.33, ηp

2=0.09, 1-β=0.15) or at 17.88 m/s 
(F1,10= 0.55, p=0.48, ηp

2=0.05, 1-β=0.10). 

COGNITIVE TEST 

Mean values and standard deviations for cognitive depen-
dent variables can be found in Table 5. When determining 
the effects on neurocognition and symptoms, the inter-

action between time and group was significant for visual 
memory (F1,17=5.16, p=0.04, ηp

2=0.23). Interestingly, post 
hoc results revealed visual memory decreased for the con-
trol group from pretest (46.90±4.46) compared to posttest 
(43.00±4.03; mean difference=3.90, 95% CI=0.77-7.03, 
p=0.02, Cohen’s d=0.92). The interaction between time and 
group was not significant for verbal memory (F1,17=0.01, 
p=0.91, ηp

2<0.001, 1-β=0.05), executive function 
(F1,17=0.71, p=0.41, ηp

2=0.04, 1-β=0.13), reaction time 
(F1,17=1.05, p=0.32, ηp

2=0.06, 1-β=0.16), or symptom sever-
ity score (F1,17=2.40, p=0.14, ηp

2=0.12, 1-β=0.31). 

DISCUSSION 

The purpose of the study was to determine if a six-week 
cervical strengthening program affected strength, neu-
rocognition, and purposeful soccer heading biomechanics. 
The neck strengthening program only significantly im-
proved strength for the muscles in the anterior and antero-
lateral (right and left) directions. In the second part of the 
study, there were no significant findings for the heading 
biomechanics portion of the experiment. Finally, the single 
significant finding for the neurocognitive component was a 
decrease in visual memory from pretest to posttest only in 
the control group. 

NECK STRENGTH 

The neck strengthening protocol significantly increased an-
terior and anterolateral neck strength. Rotational strength 
and posterolateral strength failed to improve despite strong 
effect sizes that indicate clinically meaningful strength im-
provement. The exercises selected may be the reason for 
the finding. Rotation, anterolateral, and posterolateral 
movements were not specifically targeted because the 
movements were not considered as important during pur-
poseful heading. However, the protocol exactly as described 
by Kendall et al25 was used. Despite the lack of significant 
improvement in rotational and posterolateral strength, the 
Shingo Imara™ device was successful in improving neck 
strength with targeted exercise prescription and supervi-
sion by a Certified Strength and Conditioning Specialist. 
Improving neck strength may be important in athletic per-
formance enhancement, even if the positive effect on head 
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Table 4. Mean and standard deviations for heading biomechanics dependent variables          

Strengthening Group Control Group 
Interaction 

Pre Post Pre Post 

PLA at 11.18 m/s 22.70±2.11 20.01±1.59 22.10±2.72 25.21±5.44 p=0.43, ηp
2=0.06 

PRA at 11.18 m/s 4456.20±916.54 3547.10±835.10 5027.84±793.66 4046.62±508.83 p=0.96, ηp
2<0.01 

Duration at 11.18 m/s 10.35±0.99 8.78±1.28 11.50±3.22 15.13±5.95 p=0.53, ηp
2=0.04 

GSI at 11.18 m/s 24.78±5.08 16.88±3.23 26.30±8.59 43.72±23.59 p=0.33, ηp
2=0.09 

PLA at 17.88 m/s 30.84±4.45 22.83±3.29 25.24±1.45 20.89±3.56 p=0.34, ηp
2=0.08 

PRA at 17.88 m/s 4279.75±1126.39 3383.56±946.99 4838.79±219.14 3843.23±614.17 p=0.97, ηp
2<0.001 

Duration at 17.88 m/s 11.34±1.38 8.91±2.05 12.02±2.56 8.59±1.51 p=0.79, ηp
2=0.01 

GSI at 17.88 m/s 41.98±12.13 22.30±7.04 31.70±4.11 19.51±5.39 p=0.48, ηp
2=0.05 

PLA=peak linear acceleration, PRA=peak rotational acceleration, GSI=Gadd Severity Index 

Table 5. Mean values and standard deviations for cognitive dependent variables          

Strengthening Group Control Group 
Interaction 

Pre Post Pre Post 

Visual Memory 46.67±4.77 47.67±4.90 46.89±4.73 42.78±4.21 p=0.04, ηp
2=0.23 

Verbal Memory 51.00±4.69 49.00±5.41 51.56±4.64 49.11±5.65 p=0.91, ηp
2<0.001 

Executive Function 53.78±8.06 48.44±10.92 51.67±8.76 49.00±9.07 p=0.41, ηp
2=0.04 

Reaction Time 598.67±48.61 638.56±45.20 630.00±73.40 638.00±109.01 p=0.32, ηp
2=0.06 

Symptom Severity Score 9.22±12.03 4.56±6.23 7.44±7.32 11.67±14.82 p=0.14, ηp
2=0.12 
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injury prevention remains not fully understood. Details re-
garding the findings related to the three purposes are pro-
vided in the sections below. 

PURPOSEFUL HEADING BIOMECHANICS 

Similar to the current findings, Mihalik et al.34 also found 
that increasing neck strength failed to lead to lower linear 
and rotational accelerations of the head during impact. We 
also reported small to medium effect sizes suggesting lim-
ited clinical meaningfulness. It remains unknown why the 
increases in cervical strength observed failed to alter head 
impact biomechanics. Although neck musculature activity 
while performing the purposeful heading trials was not 
measured, the head impacts were anticipated by the par-
ticipants as they knew the ball was coming toward them in 
both groups (experimental and control). Perhaps deep neck 
stability exercises would provide different results. 

Others have shown that there is a correlation between 
neck strength and head impact kinematics where individ-
uals with higher neck strength measurements had lower 
head accelerations upon impact.20–22 Weaker mean overall 
neck strength has been significantly associated with con-
cussion and for every pound of neck strength that athletes 
gain, their chances of a concussion decreases by five per-
cent.20 Lamond et al.35 found that anticipated headers, 
such as the ones in the current study, had lower linear 
and rotational head accelerations than unanticipated de-
flections or hits. Despite whether they were anticipated or 
not, head impacts to the front of the head, the maneuver 
used in the current study, have been found to create linear 
and rotational accelerations that were well below those as-
sociated with traumatic brain injury.35 The magnitudes in 
the current study align similarly with the literature for sim-
ilar impact types.35 

COGNITIVE TEST 

Kaminski et al.17 used a test similar to CNSVS called Au-
tomated Neuropsychological Assessment Metrics (ANAM) 
to evaluate youth soccer players’ neurocognition after pur-
poseful soccer heading over a season and found that there 
was little to no relationship between heading and measures 
of neurocognitive performance. In another study by Kamin-
ski et al.,18 collegiate and varsity high school women’s soc-
cer athletes had their cognitive function and balance eval-
uated before and after the course of a season while heading 
frequency was recorded. The study used the two-part Wech-
sler Digit Span test to determine cognitive function which 
included two of the same neurocognitive sections as the 
testing used in the current study, visual memory and verbal 
memory.18 Their results showed that there were no statisti-
cally significant changes in cognitive function or in balance. 
The researchers in these two studies did not determine if 
neck strength played a role in neurocognitive performance, 
but findings did show that repetitive heading showed no 
change in neurocognitive performance. However, one study 
found cognitive and vestibular impairment immediately 
following a bout of 20 purposeful headers within three min-
utes.36 The current findings suggest maintenance of visual 

memory (statistically significant differences and large ef-
fect size) for the neck strengthening group but no effect 
of group on verbal memory, executive function, or reaction 
time (no statistically significant differences and small effect 
sizes) immediately after 10 purposeful headers with longer 
rest periods between headers. On average, participants’ vi-
sual memory scores decreased by 3.90 (95% CI=0.77-7.03) 
points in the control group. However, these decreases are 
within one standard deviation of normative data and would 
be unlikely to flag a patient as impaired.30 Symptom sever-
ity score also did not change despite a medium to large 
effect size. The symptom severity score was included al-
though it is not a measure of cognition because it is often 
used as part of concussion examination, either as part of 
the SCAT5 or computer-based neurocognitive testing.37 

LIMITATIONS AND FUTURE DIRECTIONS 

The results could be explained by many different factors, 
but there are some that could be addressed and modified 
in future research. The goal was to observe the effect of 
strengthening exercises for the neck on heading biome-
chanics and neurocognition from pre- to posttest. However, 
the protocol to strengthen the participants’ necks only 
strengthened the subjects’ necks in the anterior and left 
and right anterolateral directions. In the future, researchers 
may obtain different results if the strengthening exercises 
are selected to attempt to strengthen all directions of the 
neck. Neck strength was measured in either a supine or 
prone position as described previously.25 However, reliabil-
ity and a validity of strength measures has only been mea-
sured in a seated position,26 and cannot be assumed for 
measurements taken in supine or prone positions. Also La-
mond et al.35 found that unanticipated heading resulted in 
larger linear and rotational accelerations of the head than 
anticipated heading. It would be interesting to study the ef-
fects of neck strengthening during unanticipated head im-
pacts as they are likely more concerning since they deliver 
higher accelerations to the head. Finally, neck muscle ac-
tivation timing was not tested during purposeful heading 
impacts. Future research should determine if the timing 
of muscle activation is an important consideration with 
regards to reducing impact magnitude during purposeful 
heading. 

CONCLUSION 

The strengthening program the participants completed re-
sulted in statistically significant improvements in anterior 
and anterolateral neck strength, but not in rotation or pos-
terolateral strength. The neck strengthening protocol did 
not affect heading biomechanics of the collegiate soccer 
athletes in this study. Improving strength in the two an-
terior directions allowed maintenance of visual memory 
scores but did not alter other neurocognitive measures fol-
lowing repetitive soccer heading. More research should be 
completed to determine the role neck strength plays in re-
ducing head injury risk. 
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Background  
Female collegiate cross-country (XC) runners have a high incidence of running-related 
injury (RRI). Limited reports are available that have examined potential intrinsic factors 
that may increase RRI risk in this population. 

Purpose  
To examine the relationships between RRI, hip muscle strength, and lower extremity 
running kinematics in female collegiate XC runners. 

Study Design   
Prospective observational cohort. 

Methods  
Participants included twenty female NCAA collegiate XC runners from Southern 
California universities who competed in the 2019-20 intercollegiate season. A pre-season 
questionnaire was used to gather demographic information. Hip muscle strength was 
measured with isokinetic dynamometry in a sidelying open-chain position and 
normalized by the runner’s body weight (kg). Running kinematic variables were examined 
using Qualisys 3D Motion Capture and Visual 3D analysis. RRI occurrence was obtained 
via post-season questionnaires. Independent t-tests were used to determine mean 
differences between injured and non-injured runners for hip abductor muscle strength 
and selected running kinematics. Pearson correlation coefficients were calculated to 
examine relationships between hip muscle performance and kinematic variables. 

Results  
End-of-the-season RRI information was gathered from 19 of the 20 participants. During 
the 2019-20 XC season, 57.9% (11 of 19) of the runners sustained an RRI. There were no 
significant differences between mean hip abductor normalized muscle strength (p=0.76) 
or mean normalized hip muscle strength asymmetry (p=0.18) of injured and non-injured 
runners during the XC season. Similarly, no significant differences were found between 
mean values of selected kinematic variables of runners who did and who did not report 
an RRI. Moderate relationships were found between hip abductor strength variables and 
right knee adduction at footstrike (r=0.50), maximum right knee adduction during stance 
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(r=0.55), left supination at footstrike (r=0.48), right peak pronation during stance 
(r=-0.47), left supination at footstrike (r=0.51), and right peak pronation during stance 
(r=-0.54) (all p≤0.05). 

Conclusions  
Hip abduction muscle strength, hip abduction strength asymmetry, and selected running 
kinematic variables were not associated with elevated risk of RRI in female collegiate XC 
runners. 

Level of Evidence    

INTRODUCTION 

In 2018-2019, 15,624 female athletes participated on NCAA 
cross-country (XC) teams.1 Although XC is a non-contact 
sport, female collegiate runners had a high risk of incurring 
a running-related injury (RRI) with an RRI rate of 5.85/1000 
athletic encounters (AEs), which was 25% greater than their 
male counterparts.2 More importantly, female collegiate XC 
runners experienced the highest rate of stress fracture of 
all collegiate sports in the United States.3 RRIs have seri-
ous and sometimes long-term consequences for female col-
legiate XC runners. According to a 2010 study, 13.1% of 
RRIs in female collegiate XC runners resulted in greater 
than three weeks of lost training and competing time.2 

These RRIs may jeopardize competitive seasons, can re-
sult in a reduction or retraction of an athlete’s scholarship 
award, and may also negatively influence the runner’s men-
tal health and quality of life.4 RRIs may also increase risk 
of osteoarthritis and decreased sport participation, which 
can lead to adverse health outcomes associated with de-
creased physical activity.5 Thus, identifying factors that 
may heighten the risk of RRI is necessary to help prevent 
RRIs at this sport level. 
Limited evidence is available on risk factors for RRI in 

female collegiate XC runners. The few studies that have 
prospectively examined risk factors for RRI in male and fe-
male collegiate XC runners have linked RRI to female ath-
lete triad risk factors, hip abduction strength, pre-season 
injury, large mileage increases, poor sleep quality, and sev-
eral biomechanical running factors.6–8 

Impaired hip abductor performance contributes to con-
tralateral pelvic drop during gait and has been directly re-
lated to instability of the lower kinetic chain.8 In the colle-
giate population, authors have found associations between 
hip abductor strength and medial tibial stress syndrome8 

and iliotibial band syndrome (ITBS).9 As these studies com-
bined the data for male and female runners, there are no 
known studies that have reported examining the link be-
tween hip abductor strength and RRI specific to female col-
legiate cross-country runners. 
Only a few prospective studies have investigated biome-

chanical risk factors and risk of RRI in collegiate XC run-
ners. Increased contralateral hip drop and increased verti-
cal excursion of center of mass have been associated with 
increased odds of future RRI.8,10 Kliethermes et al.10 also 
observed an association between decreased step rate (SR) 
and increased likelihood of bone-stress injury. 

The objective of this study was to examine the relation-
ship between RRI, hip muscle strength, and lower extremity 
running kinematics in female collegiate XC runners, given 
the limited prospective cohort studies that have examined 
injury risk in this specific population.8,10 This study hy-
pothesized that 1) decreased hip abductor strength and 2) 
biomechanical kinematic factors associated with increased 
loading (such as lower step rate, lower knee flexion at initial 
contact, and greater foot contact angle) would increase the 
odds of RRI. As biomechanical characteristics such as in-
creased knee adduction, increased contralateral hip drop, 
and increased hip adduction have often been used as clini-
cal indicators of impaired hip abductor performance, it was 
expected that these running kinematic variables would be 
negatively correlated with peak hip abductor strength. 

METHODS 
PARTICIPANTS 

Twenty female XC runners from several NCAA Intercolle-
giate Division I and II XC teams in southern California in 
2019 participated in the study. Coaches were first contacted 
via email to explain the study and request permission to 
contact the athletes. Athletes were then asked to sign up 
for the study after an in-person presentation at practice. 
Participation was voluntary. To be eligible, participants had 
to (a) be between the ages of 18-28; (b) were free of any 
lower extremity injury and running without limitation in 
the two weeks prior to completing the study measurements; 
(c) run at least 25 mi/week; and (d) have no contraindica-
tions to exercise as measured by the study questionnaire. 
The study was approved by the San Diego State University 
Institutional Review Board. All participants provided con-
sent prior to participating in the study. 

STUDY DESIGN AND DATA COLLECTION 

A prospective observational study design was used in this 
study. Prior to the 2019 NCAA Intercollegiate Division I and 
II XC competitive seasons, the runners completed a study 
questionnaire, completed hip abductor muscle strength 
testing, and underwent 3-D motion capture to evaluate 
their running biomechanics. 
Study Questionnaire. At the time of anthropometric 

(height and weight) evaluation, running kinematics analy-
sis and hip abductor muscle testing, the runners completed 
a questionnaire on baseline characteristics including gen-

2. 
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der, age, school year, running experience, student classifi-
cation (years in college), and any contraindications to exer-
cises. 
Running Kinematics. Each runner’s kinematic data were 

collected using an 8-camera 3D Qualisys Motion Capture 
System (Motion Analysis Corporation, Santa Rosa, CA, 
USA) while running on a treadmill (WOODWAY USA, Inc., 
Waukesha, WI). Retro-reflective markers for tracking 3D 
movement were placed on the subject using a modified He-
len Hayes marker set.11 Kinematic data were recorded us-
ing Qualisys Track Manager (QTM) software. After static 
calibration, the runner performed a 5-minute warm-up at 
a self-selected pace to accommodate to the treadmill. The 
runner then ran for two minutes at her preferred training 
speed. During the 2-minute trial, 2 sets of 10 seconds of 
data were captured at random without informing the run-
ner. Visual 3D (C-Motion Incorporated, Germantown, MD) 
software was used to process the kinematic data using the 
QTM Project Automation Framework (PAF) Running mod-
ule. Variables of interest included vertical displacement of 
center of mass; hip drop; maximum hip adduction, hip in-
ternal rotation, knee adduction, and knee flexion angle dur-
ing stance; hip adduction, hip internal rotation, knee ad-
duction, knee flexion, tibial inclination, and contact angle 
at footstrike; supination at footstrike; maximum pronation 
during stance; horizontal distance from center of mass to 
footstrike; and SR. All variables except vertical displace-
ment of center of mass and SR were measured bilaterally. 
Hip Muscle Strength. Following a 10-minute rest period, 

each runner was evaluated for hip abductor muscle strength 
using the Biodex System 4 Pro™ Isokinetic dynamometer. 
After a practice trial of five submaximal repetitions to ac-
commodate to the testing procedures, runners were in-
structed to perform 10 concentric, maximal effort hip ab-
duction repetitions at 90º per second through a range of 
motion from neutral hip abduction to 30 degrees abduction 
in side-lying using their dominant limb. The dominant limb 
was defined as the limb with which a participant would kick 
a sports ball. This process was repeated for the non-domi-
nant limb following an additional 5-minute break period. 
Running- Related Injuries. Once the runners finished 

their XC season, they completed an exit survey where they 
reported any occurrence of RRI during the XC season. The 
definition of RRI was any muscle or bone complaint that in-
volved the low back or lower extremity and caused the run-
ner to miss one or more practices or competitive events.12 

The runners were provided a list of RRIs specific to body re-
gion, side, and type (e.g., strain, Patellofemoral Pain Syn-
drome, tendonitis, etc.) and were asked to specify date and 
time missed related to the RRI. The survey also provided 
open-ended questions to allow runners to specify body re-
gions and type of injuries not available on the survey. 

DATA ANALYSIS 

Mean (SD) differences and frequencies were determined 
for demographic (chronological age, grade, GPA, years of 
cross-country experience) and physical characteristics 
(height, weight, body mass index [BMI]). Height (m) (to the 
nearest 1.27 cm) and weight (kg) (to the nearest 0.23 kg) 

Table 1. Demographics of female runners during the       
2019 NCAA XC season (n=20).      

Characteristic Mean (SD) 

Age (y) 19.2 (1.1) 

Body mass (kg) 57.3 (5.2) 

Height (m) 1.6 (0.6) 

BMI (kg/m2) 21.0 (1.3) 

College Status (n, %) 

4 (20.0) 

9 (45.0) 

6 (30.0) 

1 (5.0) 

Years of XC experience 7.4 (2.2) 

BMI, Body mass index; XC, Cross-country. 

were measured using a stadiometer and physician scale, re-
spectively, to calculate body mass index (BMI). 
For comparison of peak torque during maximal, concen-

tric hip abductor contraction, peak torque was defined as 
the mean of the top three of the first 10 repetitions. The 
values were normalized by the runner’s body weight (kg). 
Asymmetry values were determined by the absolute differ-
ence between left and right limb scores for peak torque. In-
dependent t-tests were used to determine the mean differ-
ences of hip abductor muscle asymmetry, peak hip abductor 
muscle asymmetry, and torque values between injured and 
non-injured runners. 
Independent t-tests were also used to compare differ-

ences in mean running kinematic values between injured 
and non-injured runners. Pearson correlation coefficients 
were calculated to determine relationships between run-
ning kinematic variables and unilateral peak hip abductor 
strength, peak hip abductor strength asymmetry, and bilat-
eral average peak hip abductor strength. 
All study analyses were conducted using SPSS Statistics 

version 28 (IBM, Armonk, NY) with the alpha level set a pri-
ori at 0.05. 

RESULTS 

The runners had an average age of 19.2 ± 1.1y, (range:17 to 
22 y), a mean BMI of 21.0 (± 1.3), and XC running experi-
ence of 7.4 (± 2.2) years (Table 1). End-of-the-season RRI 
information was gathered from only 19 of the 20 partici-
pants as one participant did not complete the final exit sur-
vey. During the season, 11 (57.9%) of the runners reported 
15 RRIs, and 26.3% (n=5) incurred a bone-stress RRI. The 
most common type of RRI was ‘Exercise Related Leg Pain’ 
(ERLP [pain between the knee and ankle which occurs with 
exercise]13) (Figure 1). 

HIP ABDUCTOR MUSCLE STRENGTH 

The bilateral combined average peak muscle strength nor-
malized by bodyweight did not differ significantly between 

Freshman 

Sophomore 

Junior 

Senior 
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Figure 1. Incidence of Self-reported Running-Related     
Injuries of Female Runners During the 2019 NCAA XC          
Season.  
ERLP, Exercise related leg pain (pain between the knee and ankle which occurs with ex-
ercise); SFx, Stress Fracture; ITB, Iliotibial band; GT, Greater trochanter; XC, Cross-
country. 

Figure 2. Bilateral Combined Average Normalized     
Strength for Injured and Non-Injured Female NCAA XC         
Runners.  

injured (1.59 Nm/kg±0.24) and non-injured runners (1.55 
Nm/kg ±0.36) (p=0.76) (Figure 2). The mean normalized 
muscle strength asymmetry was also not significantly dif-
ferent between injured (0.14 Nm/kg±0.08) and non-injured 
runners (0.23 Nm/kg±0.17) [p=0.18] (Figure 3). 

RUNNING KINEMATICS 

No statistically significant differences (p>0.05) were found 
between the running kinematic variables of injured and 
non-injured runners (Table 2). Several running kinematic 
variables approached statistically significant differences: 
left knee flexion at foot-strike (p=0.14), right hip internal 
rotation at footstrike (p=0.10), and right hip internal rota-
tion at stance (p=0.06). 
Moderate positive correlations were found between 

overall peak hip abductor muscle strength and right knee 
adduction at footstrike and stance (r=0.50, r=0.55) and left 

supination at footstrike (r=0.48) (all p≤0.05, Table 3). A 
statistically significant moderate negative correlation was 
found between overall peak hip abductor muscle strength 
and right peak pronation during stance (r=-0.47) (p≤0.05). 
Statistically significant correlations were also observed be-
tween right hip abductor muscle strength and left supina-
tion at footstrike (r=0.51) and left hip abductor muscle 
strength and right peak pronation during stance (r=-0.54) 
(all p≤0.05). 

DISCUSSION 

The primary purpose of this study was to examine the re-
lationship between hip muscle strength and running kine-
matics and occurrence of RRI among female NCAA cross-
country runners during an intercollegiate XC season. The 
findings indicated that hip abductor muscle strength and 
selected running kinematic variables were not significantly 
associated with increased occurrence of RRI. The findings 
of this study also found few significant correlations existed 
between hip abductor muscle peak strength or asymmetry 
and the measured running kinematic variables. The statis-
tically significant moderate correlations observed were be-
tween hip abductor muscle peak strength and knee adduc-
tion and foot position in the frontal plane at footstrike and 
stance. 

HIP ABDUCTOR MUSCLE STRENGTH 

Few studies have prospectively investigated the relation-
ship between hip muscle strength and RRI in NCAA female 
collegiate XC runners. The current study’s findings did not 
support prior evidence that demonstrated a direct relation-
ship between hip abductor muscle strength and RRI. Using 
a prospective study design, Becker et al.8 reported that iso-
metric hip abductor strength predicted medial tibial stress 
syndrome in collegiate female and male runners. In a cross-
sectional study of collegiate female runners, Fredericson et 
al.9 also reported finding an association between isomet-

Figure 3. Mean Normalized Strength Asymmetry for      
Injured and Non-Injured Female NCAA XC Runners.        
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Table 2. Mean Differences Between Selected Biomechanical Variables During Running at Self-selected Speeds for             
Injured and Non-Injured Female NCAA XC Runners.        

Injured Non-injured 

Side Variable Mean SD Mean SD p-value 

Vertical Displacement of Center of Mass (cm) 9.1 1.4 9.1 0.9 0.98 

Maximum Trunk Flexion (º) 10.3 3.8 10.3 5.4 0.99 

L Hip Drop (º) 6.5 2.0 6.6 2.7 0.90 

R Hip Drop (º) 5.0 2.7 5.1 1.4 0.92 

L Hip Adduction at Footstrike (º) 4.9 4.0 6.4 3.1 0.38 

R Hip Adduction at Footstrike (º) 7.0 2.7 8.3 2.7 0.33 

L Hip Adduction at Stance (º) 9.8 4.0 11.2 2.6 0.41 

R Hip Adduction at Stance (º) 12.8 1.9 13.7 4.5 0.60 

L Hip Internal Rotation at Footstrike (º) 13.2 8.1 9.3 6.1 0.26 

R Hip Internal Rotation at Footstrike (º) 15.4 4.8 11.3 5.0 0.10 

L Hip Internal Rotation at Stance (º) 14.6 7.1 11.4 4.8 0.29 

R Hip Internal Rotation at Stance (º) 16.8 4.1 12.4 5.4 0.06 

L Knee Adduction at Footstrike (º) 6.5 2.1 5.4 2.7 0.31 

R Knee Adduction at Footstrike (º) 6.5 1.7 5.2 2.7 0.21 

L Knee Adduction at Stance (º) 8.4 2.7 8.0 3.9 0.83 

R Knee Adduction at Stance (º) 8.5 2.2 6.6 3.7 0.14 

L Knee Flexion at Footstrike (º) 14.6 3.9 17.8 5.1 0.14 

R Knee Flexion at Footstrike (º) 16.4 5.2 19.5 5.8 0.23 

L Knee Flexion at Stance (º) 43.4 3.7 46.4 6.0 0.19 

R Knee Flexion at Stance (º) 45.3 4.4 47.9 4.1 0.21 

L Tibial Inclination Angle at Footstrike (º) -5.4 2.2 -5.1 2.3 0.75 

R Tibial Inclination Angle at Footstrike (º) -4.6 2.6 -3.4 4.6 0.47 

L Horizontal Distance from Center of Mass to Footstrike (cm) 17.8 2.6 17.3 3.2 0.73 

R Horizontal Distance from Center of Mass to Footstrike (cm) 17.8 2.5 17.6 2.9 0.87 

L Contact Angle at Footstrike (º) 11.4 7.3 14.1 4.5 0.36 

R Contact Angle at Footstrike (º) 9.8 7.0 13.9 5.1 0.17 

L Supination at Footstrike (º) 10.4 3.6 12.2 2.3 0.23 

R Supination at Footstrike (º) 11.1 3.7 11.7 2.2 0.71 

L Pronation at Stance (º) -11.3 2.6 -10.5 2.3 0.53 

R Pronation at Stance (º) -9.1 2.8 -8.9 2.6 0.92 

 Step Rate (steps/min) 173.0 7.5 175.7 10.0 0.51 

R, Right; L, Left; SD, Standard Deviation. 

ric strength and of iliotibial band syndrome (ITBS) in cross-
country athletes. The inconsistencies between the prior 
study’s findings and the current study’s results may be par-
tially related to differences in study design and methodol-
ogy. Becker et al.8 had a slightly larger sample size of 24 
runners and followed runners for a two-year period. Their 
sample also included both male and female runners and 
separate analyses were not reported for the two groups. 
Additionally, they measured isometric hip abductor muscle 

strength while the current study analyzed concentric isoki-
netic hip abductor muscle strength. The current study pro-
tocol also required significantly more maximum effort rep-
etitions, which may have influenced runners’ performance 
on the strength test due to concerns of fatigue the day be-
fore practices or preseason competitions. Testing strength 
shortly after a period of treadmill running may have also 
contributed to differences between the study results. Sim-
ilar to Becker et al.,8 the sample studied by Fredericson et 
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Table 3. Correlation Coefficients Between Selected Biomechanical Variables During Running at Self-selected           
Speeds and Normalized Peak Hip Abduction Strength for Injured and Non-Injured Female NCAA XC Runners.                

Side Variable R Peak 
Strength 

L Peak 
Strength 

R-L Peak Strength 
Difference 

Overall Peak 
Strength 

Vertical Displacement of Center of Mass 
(cm) 

-0.10 0.19 0.04 0.05 

Maximum Trunk Flexion (º) -0.20 0.03 0.06 -0.09 

L Hip Drop (º) 0.13 -0.03 0.00 0.05 

R Hip Drop (º) -0.15 0.10 0.24 -0.03 

L Hip Adduction at Footstrike (º) 0.23 0.33 0.06 0.30 

R Hip Adduction at Footstrike (º) 0.09 -0.10 -0.12 -0.01 

L Hip Adduction at Stance (º) 0.07 0.25 0.11 0.17 

R Hip Adduction at Stance (º) -0.08 -0.10 -0.12 -0.09 

L Hip Internal Rotation at Footstrike (º) 0.09 -0.12 -0.30 -0.01 

R Hip Internal Rotation at Footstrike (º) -0.21 -0.10 -0.25 -0.17 

L Hip Internal Rotation at Stance (º) -0.11 -0.19 -0.23 -0.16 

R Hip Internal Rotation at Stance (º) -0.33 -0.10 -0.14 -0.23 

L Knee Adduction at Footstrike (º) 0.11 0.12 -0.26 0.12 

R Knee Adduction at Footstrike (º) 0.42 0.50* 0.22 0.50* 

L Knee Adduction at Stance (º) 0.20 0.25 -0.18 0.24 

R Knee Adduction at Stance (º) 0.44 0.58† 0.17 0.55* 

L Knee Flexion at Footstrike (º) -0.25 0.12 0.38 -0.07 

R Knee Flexion at Footstrike (º) -0.15 0.13 0.10 -0.01 

L L Knee Flexion at Stance (º) -0.27 0.12 0.42 -0.08 

R Knee Flexion at Stance (º) 0.03 0.32 0.24 0.19 

L Tibial Inclination Angle at Footstrike (º) -0.40 -0.09 -0.06 -0.26 

R Tibial Inclination Angle at Footstrike (º) -0.29 -0.09 -0.10 -0.20 

L Horizontal Distance from Center of Mass 
to Footstrike (cm) 

-0.07 0.08 0.35 0.00 

R Horizontal Distance from Center of Mass 
to Footstrike (cm) 

0.10 0.22 0.41 0.18 

L Contact Angle at Footstrike (º) -0.33 -0.29 -0.13 -0.33 

R Contact Angle at Footstrike (º) 0.03 -0.11 -0.16 -0.04 

L Supination at Footstrike (º) 0.51* 0.39 0.12 0.48* 

R Supination at Footstrike (º) 0.06 0.08 0.40 0.08 

L Pronation at Stance (º) -0.07 -0.40 -0.02 -0.26 

R Pronation at Stance (º) -0.33 -0.54* 0.04 -0.47* 

Step Rate (steps/min) 0.22 -0.14 -0.10 0.04 

R, Right; L, Left. 
* Correlation is significant at the 0.05 level (2-tailed). 
† Correlation is significant at the 0.01 level (2-tailed). 

al.9 included 24 female and male runners and also did not 
report separate data for each gender, which may explain 
differing results between their study and this study’s find-
ings. Differences in findings between the current study and 
Fredericson et al.9 may also be a result of variations in 
study design as Fredericson et al.9 used a cross sectional 

design and only examined runners with and without ITBS. 
Both studies also quantified hip abductor strength using 
methods different from the current study. Becker et al.8 

normalized hip abductor muscle strength by weight rather 
than weight and height, and Fredericson et al.9 reported 
strength as percentage of body weight. Thus, the differing 

Relationships between Running Biomechanics, Hip Muscle Strength, and Running-Related Injury in Female Collegiate...

International Journal of Sports Physical Therapy



methods used by the studies make it difficult to compare 
hip abductor muscle strength and RRI between the three 
studies. 

RUNNING KINEMATICS 

The current study reported several kinematic variables in 
the female collegiate population, some of which have been 
previously reported in other prospective studies in similar 
populations. In a prospective study of collegiate runners, 
Kliethermes et al.,10 reported similar averages for step rate, 
center of mass vertical excursion, and peak hip adduction 
during stance in female runners. However, they reported 
slightly lower averages (differences of about 5 centimeters) 
for horizontal distance from center of mass to heel at foot-
strike. Differences between the studies could be due to this 
study’s smaller sample size of 19 runners, which may have 
allowed for more influence of extreme values compared to 
Kliethermes et al.'s10 sample size of 33 female runners. Dis-
crepancies could also be a result of differences in leg length 
as these values were not normalized by participant height. 
Becker et al.8 also reported average values for variables re-
ported in this study such as hip internal rotation and con-
tralateral pelvic drop. However, they did not report results 
for only female runners, preventing comparison to the val-
ues in the current study. 
The findings of this study observed no statistically sig-

nificant differences between the running kinematic vari-
ables evaluated and RRI incurred by the female XC runners 
during the collegiate season. This finding was not consis-
tent with Becker et al.,8 who found that greater contralat-
eral pelvic drop was associated with increased likelihood 
of medial tibial stress syndrome in intercollegiate XC run-
ners. The findings of Becker et al.8 were based on male 
and female runners, which may partially explain the dif-
fering results between the studies. In addition, their pro-
tocol for measuring kinematic variables differed from this 
study. While runners in their study ran at their own se-
lected pace, they also completed a 5-minute warm-up and 
10-minute running trial in which data were collected during 
the final minute. This longer testing protocol may have 
better approximated running conditions that increase a fe-
male collegiate runner’s odds of incurring an RRI. Con-
versely, in their prospective study of collegiate runners, Kli-
ethermes et al.10 reported similar findings to this study in 
that no significant relationships were found between risk of 
bone stress RRI in female athletes and foot inclination an-
gle, horizontal distance from center of mass to heel, and 
peak adduction during stance. However, they did report 
that a lower step rate and a greater center of mass excur-
sion was significantly associated with an increased risk for 
sustaining a bone stress RRI. They also employed a dif-
ferent protocol with runners only completing a 2-minute 
walking warm-up before data collection at their preferred 
paces. Additionally, differences in sample size could have 
accounted for the discrepancy in results as they examined 
a larger sample size of 33 female runners compared to the 
19 studied in this study. Athletes were also followed for 
12 months rather than for only the cross-country season, 

which may have allowed for higher incidence as well as cer-
tain types of RRI. 
This study’s findings also do not support previous re-

search in recreational and high-school female runner popu-
lations where step rate, foot strike pattern, hip internal ro-
tation, knee adduction, and knee flexion angle were found 
to be associated with multiple types of RRIs.14–17 While 
knee flexion at foot-strike, hip internal rotation at foot-
strike, and foot-contact angle at foot strike trended toward 
statistical significance, this study’s small sample size likely 
contributed to the lack of significant findings. Decreased 
knee flexion at foot strike has been associated with poorer 
force absorption at the knee leading to RRI such at ITBS 
as described in recent literature.13–17 Increased hip inter-
nal rotation at foot-strike has also been described to be a 
moderate contributing factor to ITBS.14–18 A runner with 
decreased foot contact angle at foot-strike (e.g., mid to 
forefoot strike pattern) may be more susceptible to RRIs 
such as Achilles tendinopathy and calf muscle strains due 
to increased eccentric activity of the calf musculature. In 
contrast, increased foot contact angle at foot-strike (e.g., 
heel strike pattern) transmits greater axial forces through 
the lower extremities and has been associated with injuries 
such as Patellofemoral Pain Syndrome.14–17,19 

CORRELATIONS BETWEEN HIP ABDUCTOR STRENGTH 
AND RUNNING KINEMATICS 

Few cross-sectional studies have observed the correlation 
between hip abductor muscle strength and running kine-
matics in female runners, and no reports are available re-
garding these relationships in female collegiate cross-
country runners. Similar to this study’s findings, Baggaley 
et al.20 found no statistically significant relationships be-
tween hip abductor muscle strength and hip adduction dur-
ing stance. Similarly, Brindle et al.21 examined a group of 
60 female runners placed into tertiles based on peak adduc-
tion during stance and found no significant difference be-
tween the hip abductor muscle strength of the groups with 
largest and smallest angles. After separating a group of fe-
male runners into quartiles based on hip abductor muscle 
strength, Heinert et al.22 found that the runners in the bot-
tom quartile had significantly more peak knee adduction 
at stance compared to those in the top quartile. While the 
results of the current study also found a significant cor-
relation between knee adduction angle and hip abductor 
muscle strength; a relationship between left peak hip ab-
duction strength to right knee adduction during stance and 
footstrike was also observed. Notably, the studies by Bag-
galey,20 Brindle,21 and Heinert22 examined female recre-
ational runners rather than collegiate cross-country run-
ners. Thus, differences in competitive levels among the 
runners in their studies compared to this study’s runners 
might partially affect differences of the relationships. Ford 
et al.23 examined the relationship between hip abductor 
muscle strength and hip drop in collegiate cross-country 
runners and found that strength was inversely correlated 
with pelvic obliquity, differing from the result of the cur-
rent study results which no statistical significance was ob-
served between the two variables. However, the partici-
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pants studied by Ford et al.23 included both men and 
women and a separate analysis for the female group was not 
reported to show differences between these groups. 

STRENGTHS/LIMITATIONS 

The primary strength of this study was the use of a prospec-
tive design, which minimized measurement and recall bias 
of hip muscle strength and running kinematic variables 
prior to RRI occurrence. In addition, this study reported 
values for several novel kinematic variables in the female 
collegiate XC population including knee flexion and adduc-
tion at footstrike and stance, tibial inclinational angle at 
footstrike, and maximum trunk flexion. Although none of 
these kinematic variables were found associated with RRI, 
they provide values for future study comparisons. 
Several limitations should be noted. First, the small sam-

ple size due to the limited number of collegiate female 
runners who could participate decreased the power of this 
study and limited the ability to show statistically significant 
relationships between the observed intrinsic factors and 
RRI. Second, it is possible that some runners may have been 
experiencing symptoms related to a lower extremity RRI at 
the time of testing. Consequently, this may have partially 
affected the true relationship between the running biome-
chanical factors or hip muscle strength and likelihood of 
RRI. To minimize this occurrence, the authors reaffirmed 
with the runner that they had not or were not currently ex-
periencing lower extremity RRI symptoms at the time of 
testing. Third, the data collected for injury occurrence dur-
ing the season were based on self-report. Although mea-
sures were taken to ensure accuracy of reporting (such as 
anonymity of questionnaires and study personnel available 
for questions and clarification), some self-reported data 
may have been under- or misreported due to recall bias, 
misunderstanding of survey questions, or fear of judgment 
by coaches or other runners. Future studies should consider 
extracting records from a university’s Sports Medicine de-
partment in addition to using self-report to improve the ac-
curacy of the injury type reported and decrease recall bias. 
Finally, as discussed previously, a key limitation in this area 
of research is that there is no standardization in the run-
ning biomechanical testing protocol for length of warm-up 
and assessment times in collegiate runners. The variance 

in these parameters may have contributed to the potential 
discrepancy in findings amongst current studies. Future re-
search should establish a consensus on the proper testing 
protocol for this population. 

FUTURE DIRECTIONS 

With regards to hip abductor performance, future research 
should evaluate hip abductor muscle endurance in addition 
to peak strength. While hip abductor muscle endurance and 
hip isometric strength are closely related, a recent study 
suggested that hip abductor muscular endurance held a 
greater association with iliotibial band syndrome than did 
isometric strength in recreational runners.24 Finally, proto-
cols for running kinematic collection should be developed 
to approximate intensity and duration conditions of a typ-
ical XC training session. Increased running intensity and 
running duration may reveal more kinematic correlations 
to RRI by inducing a more fatiguing environment. 

CONCLUSIONS 

Hip abduction muscle strength and asymmetries, and the 
studied kinematic variables were not associated with RRI 
in female collegiate XC runners. Future studies planning to 
assess hip muscle performance and running kinematic vari-
ables should use larger sample sizes to evaluate their re-
lationships more appropriately to RRI. In addition, future 
studies should investigate the relationship between hip ab-
ductor muscle endurance and RRIs as well as develop a pro-
tocol with a longer running analysis session to better simu-
late a true training environment. 
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Background  
A neutral spinal alignment is considered important during the execution of the deadlift 
exercise to decrease the risk of injury. Since male and female powerlifters experience pain 
in different parts of their backs, it is important to examine whether men and women 
differ in spinal alignment during the deadlift. 

Objectives  
The purpose of this study was to quantify the spinal alignment in the upper 
(thoracolumbar, T11-L2) and lower (lumbopelvic, L2-S2) lumbar spine during the deadlift 
exercise in male and female lifters. Secondary aims were to compare lumbar spine 
alignment during the deadlift to standing habitual posture, and determine whether male 
and female lifters differ in these aspects. 

Study Design   
Observational, Cross-sectional. 

Methods  
Twenty-four (14 men, 10 women) lifters performed three repetitions of the deadlift 
exercise using 70% of their respective one-repetition maximum. Spinal alignment and 
spinal range of motion were measured using three inertial measurement units placed on 
the thoracic, lumbar and sacral spine. Data from three different positions were analyzed; 
habitual posture in standing, and start and stop positions of the deadlift, i.e. bottom and 
finish position respectively. 

Results  
During the deadlift, spinal adjustments were evident in all three planes of movement. 
From standing habitual posture to the start position the lumbar lordosis decreased 13° in 
the upper and 20° in the lower lumbar spine. From start position to stop position the 
total range of motion in the sagittal plane was 11° in the upper and 22° in the lower 
lumbar spine. The decreased lumbar lordosis from standing habitual posture to the start 
position was significantly greater among men. 

Conclusions  
Men and women adjust their spinal alignment in all three planes of movement when 
performing a deadlift and men seem to make greater adjustments from their standing 
habitual posture to start position in the sagittal plane. 
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Level of Evidence    
3 

INTRODUCTION 

The deadlift is a strength training exercise targeting hip, 
thigh, grip, and lower back strength. It is also one of three 
competitive lifts in the sport of powerlifting. In addition 
to being a fundamental exercise among powerlifters,1,2 the 
deadlift, and variations thereof, is also practised by 
weightlifters,3 strongman competitors,4 CrossFit athletes,5 

and bodybuilders6 to increase strength and stimulate hy-
pertrophy. In addition, the deadlift has been used as a re-
habilitation exercise for patients with low back pain.7 How-
ever, it was recently shown that onset of injuries in the low 
back region among Swedish sub-elite powerlifters was sig-
nificantly associated with performing the deadlift in train-
ing.8 Further, although male and female powerlifters re-
ported similar injury frequencies, there were significant 
differences of their anatomic locations, whereas males had 
a higher frequency of low back pain and females thoracic 
and neck pain.8 

Deadlift technique is considered to be associated with 
both performance and risk of injury.9 Regarding the spine, 
it has been suggested that a lifting technique that enables 
the lifter to maintain a neutral position of the spine ensures 
optimal loading on both passive and active structures.10,11 

For most people, a neutral position of the spine is when 
the lumbar spine has a slight concave curve (lordotic), the 
thoracic spine a slight convex (kyphotic) curve and the cer-
vical spine a slight concave curve.12 In the scientific liter-
ature, neutral position has been defined as the region in 
the joint motion where there is little or no resistance to 
motion, i.e. a mid-range position (neutral position).13,14 It 
has also been described that in this region, spinal mus-
cles operate with a complex strategy to control motions15 

and that forces exerted on body structures vary depending 
on the ability to maintain a neutral position of the lumbar 
spine.16–18 This could be of clinical importance since for 
example when the lumbar spine is fully flexed, the longis-
simus/iliocostalis muscle complex have been proposed to 
have a reduced ability to produce posterior shear, which re-
sults in higher loads on the posterior passive tissues and 
high shearing forces.19,20 

It has been shown that lifting technique, and thereby 
lifting mechanics when performing the deadlift, may differ 
between individuals.21 For example, it has been shown that 
high-skilled lifters are better able to keep the bar closer 
to the body than low-skilled lifters.21 The purpose of this 
study was to quantify the spinal alignment in the upper 
(thoracolumbar, T11-L2) and lower (lumbopelvic, L2-S2) 
lumbar spine during the deadlift exercise in male and fe-
male lifters. Secondary aims were to compare lumbar spine 
alignment during the deadlift to standing habitual posture, 
and determine whether male and female lifters differ in 
these aspects. The authors hypothesised that the lumbar 
spinal alignment during standing habitual posture would 
differ from the alignment during the deadlift exercise and 
that there would be a difference in lumbar spinal alignment 

between men and women during the the deadlift. The latter 
hypothesis was based on the results from a study by McK-
ean et al.,22 which showed that men had a significantly 
larger range of lumbar flexion during the descent phase 
of the back squat exercise compared to women. Possibly 
due to differences in pelvic dimensions,23 lumbar vertebrae 
sizes,24 and trunk geometry,25 that together may influence 
lifting mechanics. 

METHODS 
EXPERIMENTAL APPROACH TO THE PROBLEM 

Using an observational, comparative study design, this 
study sought to describe and compare lumbar spine align-
ment in men and women competitive lifters during stand-
ing habitual posture, and whether the spinal alignment 
changed during execution of the deadlift. Spinal alignment 
was measured in all three planes of movement using iner-
tial measurement units (IMUs), for the upper lumbar spine 
(i.e. thoracolumbar) and lower lumbar spine (i.e. lum-
bopelvic). After a warm-up, spinal alignment was measured 
in standing habitual posture and during the execution of 
one set of three deadlift repetitions when lifting 70% of 
self-estimated 1RM. The reasons for choosing IMUs for 
monitoring of the spinal movements during the execution 
of deadlifts were that they can easily be used outside of a 
movement lab and also show adequate validity of measures 
of spinal movement compared to 3D motion capture sys-
tems.26–28 

PARTICIPANTS 

Fourteen men and 10 women power- and weightlifters were 
recruited from local power- and weightlifting clubs. Only 
lifters with the intent of competing in power- or weightlift-
ing and with at least two years of strength training experi-
ence were included. These criteria aimed to minimize vari-
ability in movement patterns between repetitions and to 
ensure that all lifters were familiar with performing heavy 
deadlifts. Lifters reporting a current injury which may have 
affected their lifting ability were excluded. Additionally, 
lifters less than 150 cm in height were excluded because 
of the risk that the IMUs would contact each other during 
movements. All lifters completed a questionnaire detailing 
training and medical history to ensure eligibility criteria 
was complied with. None of the invited lifters had any 
recent or previous medical issues which prevented them 
from participating in the study. Written informed consent 
was obtained from all lifters prior to participation and the 
study was approved by the Regional Ethical Review Board of 
Umeå, Sweden (Dnr 2014-285-3M). 

PROCEDURES 

Warm-up: Lifters completed a self-administred warm-up 
with the intention to be prepared for heavy deadlifts. The 
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Figure 1. Execution of the deadlift exercise, start (A)        
and stop (B) position.     

warm-up typically consisted of sub-maximal deadlifts with 
increasing loads. Thereafter, three calibrated IMUs were af-
fixed to the lifter’s back. They were placed at the spinous 
processes of T11 and L2, and on the sacrum (S2). Finally, 
the lifter completed one further set of bodyweight squats 
and deadlifts while it was ensured that the IMUs were set 
firmly and did not hinder the deadlift execution. 
Data collection: First, the lifters were instructed to as-

sume their habitual posture in standing with their arms 
at their sides while looking straight ahead (habitual pos-
ture). The IMUs then recorded their respective position to 
provide a measure of spinal alignment. The lifters were 
asked to perform one set of three deadlift repetitions at 
70% of their self-estimated 1RM. In the start position of the 
deadlift, lifters stood with flexed knees and hips, straight 
arms, and held the barbell with an optional grip, i.e. a dou-
ble pronated or mixed grip with one hand pronated and 
the other supinated (start position). In accordance with the 
rules of the International Powerlifting Federation,29 the 
barbell was then lifted by extension of the knees and hips 
until the lifter was standing erect (stop position) (Figure 1). 
When the barbell was held motionless and standing 

erect with the hip and knees extended and the shoulders 
back the lifter was given a down signal and the barbell was 
lowered to the ground before the lifter released the grip. 
The lifter was instructed to stand erect momentarily before 
beginning with the next repetition. In the present study, 
only conventional style deadlifts were allowed so that the 
measurements would be uniform. No additional equipment 
(e.g., liftings straps, knee wraps, lifting belts) was allowed. 

INSTRUMENTS AND MEASUREMENTS 

For the purpose of this study, the measurement of spinal 
movements were divided in to two movement segments, 
hereby refered to as upper lumbar spine (i.e. thoracolumbar 
spine) and lower lumbar spine (i.e. lumbopelvic spine). The 

IMUs placed on T11 and L2 measured their respective posi-
tion (angle) relative to each other in all planes of movement 
for the upper lumbar spine. For the lower lumbar spine, the 
IMUs placed on L2 and S2 measured their respective posi-
tion (angle) relative to each other in all planes of move-
ment. A positive angle in the sagittal plane indicated a lor-
dotic spinal alignment and negative sagittal plane value 
indicated a kyphotic spinal alignment. A positive value in 
the frontal and transverse plane indicated a right lateral 
flexion or rotation, respectively. 
The spinal alignment [degrees] was measured during ha-

bitual posture in standing and during execution of the 
deadlift exercise. The following measurements were se-
lected to quantify the spinal alignment in the upper lumbar 
spine (thoracolumbar, T11-L2) and lower lumbar spine 
(lumbopelvic, L2-S2), respectively: 1) habitual posture in 
standing, 2) start position, 3) stop position, 4) Min angle 
(the minimum angle in degrees captured during the deadlift 
exercise in each respective movement plane), 5) Max angle 
(the maximum angle in degrees captured during the dead-
lift exercise in each respective movement plane), and 6) 
range of motion (ROM) between the minimum and maxi-
mum angles during the deadlift exercise. 
The IMUs (MPU-9150, InvenSense, San Jose, USA) each 

have a size of Length 60 x Width 45 x Height 10 mm and 
weigh 14 g, and communicate with a laptop via WiFi.30 

The sampling frequency was 100 Hz with a 16-bit resolu-
tion and an anti-aliasing low pass filter set at 50 Hz. The 
full-scale range was ±1000 °/s for the gyroscopes, ±8 g for 
the accelerometers and ±4800 µT for the magnetometers. 
Using three axis gyros and three axis accelerometer, the 
IMUs detected the spinal alignment in all three planes of 
movement and real-time orientation was calculated using 
a customised system MoLab™ POSE (AnyMo AB, Umeå, 
Sweden). The placements of the IMUs made it possible to 
measure movement patterns previously stated important 
to the performance and risk of injury when squatting, i.e. 
flexion of the thoracolumbar and lumbopelvic spine.9 The 
anatomical location sites of the units were palpated by 
the same experienced person at each time with the lifters 
standing erect. IMUs were mounted with double-sided tape 
and elastic self-adhesive bandage wraps. Further, the dead-
lift execution was recorded with a web camera to facilitate 
the determination of start and stop of the squat repetitions 
when processing the data. Weight plates of official mea-
sures were attached to each end of a powerlifting barbell 
and the weight was adjusted to the nearest 2.5 kg. 
Orientation data (i.e. segment angles) from the IMUs 

were processed in Matlab (version 7.10.0 (R2010a), The 
MathWorks, Inc., USA). The Euler sequence used for the 
segment angles were X (rotations in the sagittal plane), 
Y (rotations in the frontal plane), and Z (rotations in the 
transverse plane). All orientation data was low-pass filtered 
with a second order Butterworth filter at a cut-off frequency 
of 10 Hz. A more detailed description of the used algo-
rithms can be found in Öhberg et al.30 
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Table 1. Participants’ characteristics (mean ± SD).      

Participants Age (y) Weight 
(kg) 

Height 
(cm) 

Experience 
(y)* 

Deadlift 1RM 
(kg)† 

Wilks Score 

All (n=24) 25.4 ± 5.4 80.5 ± 11.2 171.4 ± 7.1 7.7 ± 6.2 162.5 ± 55.5 122.2 ± 25.9 

 

Men (n=14) 26.9 ± 6.3 85.2 ± 10.8 174.9 ± 5.3 9.8 ± 7.5 197.1 ± 41.7 130.8 ± 23.5 

Powerlifters (n=10) 26.6 ± 4.6 86.3 ± 7.5 175.8 ± 4.1 9.0 ± 5.3 200.5 ± 40.0 131.5 ± 25.5 

Weightlifters (n=4) 27.5 ± 10.4 82.3 ± 17.9 172.8 ± 7.7 11.8 ± 12.3 188.8 ± 51.1 129.1 ± 20.9 

 

Women (n=10) 23.4 ± 2.9 73.9 ± 8.5 166.4 ± 6.5 4.8 ± 1.9 114 ± 29.5 110.1 ± 25.3 

Powerlifters (n=4) 25.0 ± 0.8 78.0 ± 6.5 165.5 ± 3.7 5.1 ± 2.2 130 ± 41.6 121.5 ± 38.5 

Weightlifters (n=6) 22.3 ± 3.3 71.1 ± 9.0 167.0 ± 8.1 4.6 ± 1.9 103.3 ± 13.7 102.4 ± 9.3 

*Strength training experience 
†Self-estimated deadlift 1 repetition maximum 

STATISTICAL ANALYSES 

Statistical analysis was performed using Statistical Package 
for the Social Sciences (SPSS) version 23 (IBM Corp., Ar-
monk, NY, USA). A factorial repeated measures analysis of 
variance (mixed ANOVA) was conducted to compare the in-
fluence of the independent variables (group: 1=men and 
2=women) and the effect of the dependent variable (seg-
ment angle at five different positions: 1=habitual posture, 
2=start position, 3=stop position, 4=minimum angle at any 
timepoint, and 5=maximum angle at any timepoint) using 
the mean values for the three repetitions. Sphericity was 
calculated using Mauchly’s test of Sphericity. If sphericity 
was was not assumed, a correction was made using the 
Greenhouse-Geisser estimation. If significant position x 
group effects were found, the results were also presented 
separately for men and women. If significant within-sub-
jects effects were found, post-hoc pairwise comparisons 
were calculated. Effect size was calculated with partial eta 
squared (η2p) using 0.01, 0.06 and 0.14 to denote small, 
medium and large effects respectively.31 Significance level 
was set at 0.05 and Bonferroni corrections were performed 
for multiple comparisons. 

RESULTS 

Background characteristics for the participants are summa-
rized in table 1, including their Wilks score in deadlift, i.e. 
a body mass adjusted measure of strength.32 

The spinal alignment of the upper lumbar spine during 
standing habitual posture, and during the deadlifts for the 
start position, stop position, minimum and maximum an-
gle, and range of motion are presented in Table 2. For the 
upper lumbar spine, there were no statistically significant 
differences between men and women in spinal alignment 
(group x position interaction in the sagittal plane (F(2.0, 
43.3) = 1.9, p = 0.156), frontal plane (F(1.6, 34.9) = 0.9, p = 
0.386), or transverse plane (F(2.7, 59.9) = 0.9, p = 0.451)). 
In all participants their alignment in standing habitual pos-
ture differed from the alignment at the start position and 
further spinal adjustments were made during the deadlift 

(significant main effect for position in the sagittal plane 
(F(2.0, 43.3) = 45.8, p < 0.001, η2p = 0.676), frontal plane 
(F(1.6, 34.9) = 15.6, p < 0.001, η2p = 0.414), and transverse 
plane (F(2.7, 59.9) = 23.9, p < 0.001, η2p = 0.521). 
For the lower lumbar spine (Table 3), the decreased lum-

bar lordosis during the start position compared to during 
standing habitual posture was significantly greater among 
men than women (group x position interaction in sagittal 
plane spinal alignment (F(1.9, 41.9) = 4.0, p = 0.028, η2p 
= 0.154). There were no statistically significant differences 
between men and women in spinal alignment in the frontal 
plane (group x position interaction) (F(1.8, 39.9) = 0.3, p 
= 0.757) or in the transverse plane (F(2.1, 45.5) = 1.0, p = 
0.156). In all participants their alignment in standing ha-
bitual posture differed from the alignment at the start po-
sition and further spinal adjustments were made during the 
deadlift (significant main effect for position in the frontal 
plane) (F(1.8, 39.9) = 9.2, p = 0.001, η2p = 0.294) and trans-
verse plane (F(2.1, 45.5) = 15.2, p < 0.001, η2p = 0.676). 
The factorial repeated measures ANOVA simple effects 

for position in the upper and lower lumbar sagittal plane 
spinal alignment are presented in Figures 2 and 3. 

DISCUSSION AND IMPLICATIONS 

This is the first study to describe and compare spinal align-
ment, in all planes of movement, during the deadlift ex-
ercise in both men and women. The results show that the 
lifters’ lumbar spinal alignment in standing habitual pos-
ture differed from the alignment at the start position of 
the deadlift, and that further spinal adjustments were made 
during the deadlift. As shown by the measures of range 
of motion, neither men nor women kept their spine in a 
fixed position when performing a heavy deadlift. Specifi-
cally, spinal adjustments were made mainly in the sagittal 
plane, a phenomenon that has also been reported for the 
squat exercise.22 

The results showed no differences between men and 
women although this was initially hypothesized. In regard 
to the potential impact of differences in anthropometric 
factors it is not possible to draw any firm conclusions since 
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Table 2. Spinal alignment angles of the upper lumbar spine (thoracolumbar region) during standing Habitual posture and during the deadlift for the Start position, Stop                        
position, Minimum (Min) angle, Maximum (Max) angle and range of motion (ROM) in degrees [°] as well as results of the two-way factorial repeated measures ANOVA                           
(within-subjects effect).   

Measure Habitual 
posture (°)† 

Start position 
(°)† 

Stop position 
(°)† 

Min angle 
(°)† 

Max angle 
(°)† 

ROM (°) Within-subjects effect 
Time*group 

Within-subjects effect Time 

p Partial Eta 
Squared 

p Partial Eta 
Squared 

All 

Sagittal plane 17.6 ± 12.2 4.6 ± 7.5* 13.0 ± 11.5*# 2.2 ± 6.6*# 14.0 ± 11.8# 11.8 ± 7.3 0.156 0.081 <0.001 0.676 

Frontal plane 0.8 ± 2.5 -1.8 ± 4.8 -0.4 ± 2.4 -3.3 ± 4.3*# 1.0 ± 2.7# 4.3 ± 2.7 0.386 0.040 <0.001 0.414 

Transverse 
plane 

-0.3 ± 0.8 0.3 ± 2.2 -0.8 ± 2.0 -1.9 ± 2.0*# 1.5 ± 2.0*# 3.4 ± 1.4 0.451 0.038 <0.001 0.521 

Men 

Sagittal plane 12.1 ± 6.1 1.5 ± 4.4 8.3 ± 3.7 -0.6 ± 3.7 9.2 ± 4.1 9.7 ± 4.9 

Frontal plane 0.4 ± 2.4 -3.0 ± 5.1 -0.7 ± 2.5 -4.2 ± 4.8 0.1 ± 2.6 4.3 ± 3.2 

Transverse 
plane 

-0.1 ± 0.3 0.4 ± 2.1 -1.0 ± 2.0 -2.0 ± 2.0 1.5 ± 1.8 3.5 ± 1.8 

Women 

Sagittal plane 25.2 ± 14.8 8.9 ± 8.9 19.6 ± 15.3 6.2 ± 8.0 20.8 ± 15.6 14.6 ± 9.4 

Frontal plane 1.4 ± 2.6 -0.1 ± 4.0 0.1 ± 2.3 2.0 ± 3.3 2.1 ± 2.5 4.1 ± 1.9 

Transverse 
plane 

-0.7 ± 1.1 0.1 ± 2.3 -0.4 ± 2.1 -1.8 ± 2.1 1.6 ± 2.4 3.4 ± 0.8 

†A positive sagittal plane angle indicated a lordotic spinal alignment and negative sagittal plane angle indicated a kyphotic spinal alignment. 
*Significant difference to Habitual posture after adjustment for multiple comparisons using the Bonferroni correction. 
#Significant difference to Start position after adjustment for multiple comparisons using the Bonferroni correction. 
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Table 3. Spinal alignment angles of the lower lumbar spine (lumbopelvic region) during standing Habitual posture, and during the deadlift for the Start position, Stop                        
position, Minimum (Min) angle, Maximum (Max) angle and range of motion (ROM) in degrees [°] as well as results of the two-way factorial repeated measures ANOVA                           
(within-subjects effect).   

Measure Habitual 
posture (°)† 

Start position 
(°)† 

Stop position 
(°)† 

Min angle 
(°)† 

Max angle 
(°)† 

ROM (°) Within-subjects effect 
Time*group 

Within-subjects effect Time 

p Partial Eta 
Squared 

p Partial Eta 
Squared 

All 

Sagittal plane 16.6 ± 10.5 -3.7 ± 7.4* 16.2 ± 9.3# -4.7 ± 7.5* 17.0 ± 9.2# 21.7 ± 6.4 0.028 0.154 <0.001 0.876 

Frontal plane -0.5 ± 3.5 2.2 ± 4.4* -0.4 ± 2.4 0.6 ± 3.4# 3.4 ± 3.7*# 2.8 ± 1.7 0.757 0.011 0.001 0.294 

Transverse 
plane 

0.2 ± 0.7 -0.2 ± 2.6 0.2 ± 1.9 -1.4 ± 2.2*# 1.4 ± 2.0# 2.8 ± 1.3 0.156 0.081 <0.001 0.676 

Men 

Sagittal plane 17.9 ± 7.7 -5.9 ± 5.6* 14.5 ± 7.6# -7.1 ± 5.8* 15.1 ± 7.3# 22.3 ± 7.3 <0.001 0.911 

Frontal plane -0.3 ± 3.5 2.1 ± 4.5 -0.7 ± 2.5 0.4 ± 3.7 3.5 ± 3.9 3.0 ± 1.9 

Transverse 
plane 

-0.1 ± 0.6 0.0 ± 2.4 -0.1 ± 1.8 -1.4 ± 2.2 1.3 ± 1.7 2.6 ± 1.3 

Women 

Sagittal plane 14.9 ± 13.7 -0.7 ± 8.7* 18.6 ± 11.2# -1.3 ± 8.4* 19.7 ± 11.2# 21.0 ± 5.3 <0.001 0.837 

Frontal plane -0.9 ± 3.6 2.3 ± 4.4 0.1 ± 2.3 0.9 ± 3.6 3.4 ± 3.7 2.5 ± 1.4 

Transverse 
plane 

0.5 ± 0.7 -0.6 ± 3.0 0.6 ± 2.1 -1.5 ± 2.4 1.5 ± 2.4 3.0 ± 1.4 

†A positive sagittal plane angle indicated a lordotic spinal alignment and negative sagittal plane angle indicated a kyphotic spinal alignment. 
*Significant difference to Habitual posture after adjustment for multiple comparisons using the Bonferroni correction. 
#Significant difference to Start position after adjustment for multiple comparisons using the Bonferroni correction. 
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Figure 2. Upper (thoracolumbar region) and lower lumbar spine (lumbopelvic region) sagittal plane Habitual             
posture and Start position in degrees (°) presented in mean values and 95% CI.               
LL = Lower lumbar spine (L2-S2), UL = Upper lumbar spine (Th11-L2). The Y axis represents the spinal alignment angles in degrees. 

these were not measured specifically. However, the results 
could indicate that potential anthropometric differences 
between men and women do not affect range of motion of 
the spine during deadlifts, as opposed to the findings by 
McKean et al.22 in regards to back squats. Also, regarding 
the previously observed difference in pain locations,8 tho-
racic and neck regions for women and low back region for 
men, the results do not present any evidence that move-
ment pattern of the spine could explain those findings. 
An inability to maintain the spinal curvature in its neu-

tral position has been proposed to increase the strain on 
passive structures of the back.17,21,33,34 This belief is based 
on the fact that the spine is better at managing compressive 
rather than shearing forces, meaning that an upright pos-
ture with all vertebrae aligned in a neutral posture is prefer-
able.16 Performing the deadlift with the lumbar spine in its 
fully flexed position, in conjunction with a heavy load, is 
believed to be injurious to both active and passive struc-
tures.33 Previous epidemiological research has found that 
training of the deadlift exercise might be associated with 
low back pain in powerlifters,8 although there is only a lim-
ited amount of research reporting the occurrence of specific 
injuries.35 Still, experts in the field of powerlifting have 
agreed that flexing (rounding), twisting, side bending or hy-
perextending the low back during deadlifting is a risk factor 
for low back pain.9 Whether lifters adopting any of these 
adjustments in spinal alignment are in fact more injury-
prone remains to be studied. Specifically, there is no in vivo 
evidence of a causative correlation between spinal align-
ment and low back pain/injuries.35 When it comes to dead-
lifting with heavy loads, some have argued that it is ex-
tremely difficult or almost impossible to maintain a neutral 

spinal curvature.11 This might be explained by an increase 
in strength in the deadlift while lifting with a flexed back 
due to an increase of the effectiveness of the back exten-
sors36 and shortening of the external moment arm. Also, it 
is very likely that the back could flex due to several other 
factors, e.g. the back or hip extensors inability to produce 
enough torque to withstand the external torque imposed 
on them, the coordination between back and hip extensors 
or insufficient range of motion in the hip, knee or ankle 
joints leading to compensatory movements in the low back. 
It has also been suggested that the adjustment of the spinal 
curve during lifting tasks is the human body’s way of man-
aging the additional load by trying to keep the combined 
body and barbell center of mass vertically in line with the 
center of gravity.22,37 In addition, previous authors have 
shown that the deadlift exercise entails lumbopelvic move-
ment in all planes38 and that visual observation of these 
movements are very difficult to accurately observe.39 These 
results are be supported by the results of the present study, 
especially with the small movements detected in the frontal 
and transverse planes in mind. Therefore, there may be a 
need to study movement patterns in the deadlift with a 
range of loads and with more attention to the magnitude 
of movement in relation to individuals maximum range of 
motion and less attention to exclusively noting presence of 
lumbopelvic movement. 
For the standing habitual posture, the mean lordosis was 

18° in the upper and 17° in the lower lumbar spine. In 
an earlier study using an inclinometer, the lumbar lordo-
sis of an unloaded lumbar spine of a standing person was 
shown to be about 25° and the normal ROM for flexion from 
this point is about 50°.40 Beforehand it was hypothesized 
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Figure 3. Upper (thoracolumbar region) and lower lumbar spine (lumbopelvic region) sagittal plane Start             
position, Min angle, and Max angle in degrees (°) presented in mean values and 95% CI.                 
LL = Lower lumbar spine (L2-S2), UL = Upper lumbar spine (Th11-L2). The Y axis represents the spinal alignment angles in degrees. 

that lumbar spinal alignment during standing habitual pos-
ture would differ from lumbar alignment during the dead-
lift exercise. This was confirmed. In the start position, the 
lumbar lordosis decreased to five degrees in the upper and 
into slight flexion (-4°) in the lower lumbar spine. How-
ever, during the lift the lifters returned to a more lordotic 
alignment although it was still significantly less lordotic in 
the stop position compared to the standing habitual pos-
ture in the upper lumbar spine. Regarding the lower lum-
bar spine, all lifters flexed this area especially during the 
first part of the lift. After the first part of the lift, the lifters 
returned to an alignment that was similar to the stand-
ing Habitual posture. However, in relation to previously 
described41 average maximal ranges of motion, no partic-
ipant achieved such ranges. The movement pattern of a 
flexed lumbar spine during execution of heavy deadlifts has 
also been shown in an earlier study examining the lumbar 
spine using fluoroscopy.18 In that study, one of the lifters 
reported lower back discomfort when the L4/L5 joint ex-
ceeded the passive full flexion and the posterior ligaments 
were fully stretched. However, the authors stated that the 
extensor moment supported by the ligaments was unlikely 
to threat the ligamentous tissue in a healthy interverte-
bral joint, even though it produced momentary discom-
fort.18 The finding that men flexed their back more than 
women in the start position has not been presented earlier. 
However, differences in movement patterns between men 
and women have been reported in the squat exercise22 and 
for lifting tasks.42 While the reason for the differences in 
spinal movement pattern between sexes during the execu-
tion of heavy deadlifts is unknown, the influence of sex on 
movement pattern has been attributed to anatomical dif-
ferences.22 However, a study by Keogh et al.43 revealed that 
for powerlifters in New Zealand both men and women seem 

to have similar anthropometric characteristics in regard to 
skeletal features like bone lengths and breadths. Another 
inherent difference could be the structure of the hip joint, 
whereby men tend to have lesser hip ROM than females and 
therefore may need to flex their lumbar spine more in order 
to reach the bar. 
Regarding the frontal and transverse spinal alignment, 

significant differences were found in both the upper and 
lower lumbar spine during the deadlift when compared to 
the standing habitual posture. Even though these differ-
ences were significant, it could be questioned whether they 
are clinically relevant since the absolute change was less 
than 5 degrees. The reason for the adjustments in spinal 
alignment could be how the lifters gripped the barbell. 
While some of the lifters gripped the barbell with a double 
pronated grip, others used a mixed grip with one hand 
pronated and the other supinated. The alternated grip is 
thought to induce a hip rotation44 and hence could explain 
the transverse plane movements. Movements in the frontal 
plane during deadlifts have not been reported earlier but it 
is possible that asymmetries with alternating grip or in grip 
width could result in movements in frontal plane of this 
small magnitude. 
Methodological considerations of the present study 

should be noted. Firstly, to increase the internal validity of 
the study, the lifters were asked to perform conventional 
deadlifts regardless of whether they competed with the 
conventional or sumo style deadlifts. As proposed in a re-
cent article,11 some individuals might be more suited to 
one of these styles than the other depending on anthropo-
metrics, mobility and strength capacity in individual mus-
cle groups. It is, however, possible that movement patterns 
would have been different if the choice of deadlift style had 
been optional. Since the sumo deadlift stance generally en-
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ables a more upright torso, and since it has been argued 
that lumbar lordosis is easier to maintain using the sumo 
stance,11 it is reasonable to assume that a different move-
ment pattern in the upper and lower lumbar spine could 
be reported using sumo style deadlifts. Secondly, all lifts 
were performed without a lifting belt due to practical rea-
sons concerning the fitting of the IMUs. This could, how-
ever, have had an impact on the results, where a lifting belt 
might have resulted in smaller range of motion in the spine 
since a belt improves lumbar spine stability.45 

Thirdly, it is important to consider that the lifters in 
this study were lifters who, during training and competi-
tion, most often attempt to lift the maximum amount of 
weight possible. Therefore, the lifters might have used a 
technique enabling them to lift heavy weights in their re-
spective sports but not necessarily to reduce the risk of in-
jury. However, little is known about how the deadlift tech-
nique impacts injury risk and whether there is a difference 
between the optimal technique for performance and injury 
reduction. 
Fourthly, all lifters were instructed to complete three 

repetitions with a load equivalent to 70% of their self-
estimated 1RM. The load and repetition range are com-
monly used in powerlifting2 and weightlifting training46 

and were chosen to represent a “minimum” training load. 
However, previous studies have used loads ranging from no 
additional load26 to 1RM.16,18 It is important to remember 
that spinal adjustments might differ depending on load and 
strength level. The level of strength and training experi-
ence among the men and women differed, i.e. the men were 
more experienced, lifted more weight relative to body mass 
and had a higher Wilks coefficient than the women. Top 
ranked lifters on national level have a Wilks coefficient be-
tween ~175-215, suggesting that both the men and women 
performed at an intermediate level. 
Lastly, the findings rely on inertial motion sensors and 

the validity of this measurement approach has to be dis-
cussed. It has to be noted that the IMUs were mounted on 
the skin surface and that the angles might differ from ac-
tual skeletal alignment due the possibility that the IMUs 
could glide on the skin. There is no earlier study to measure 
the validity of the angles in comparison with a “gold stan-
dard” such as radiographs, videofluoroscopy, etc, but the 

IMUs have been validated to electromagnetic based system 
for measuring 3D spinal ranges of movement and coupled 
motion measurement.26 Finally, it could be argued that 
the measurement accuracy could be greater in the sagittal 
plane where the lumbar spine also have more range of mo-
tion and vice versa for the frontal and transverse planes. 

CONCLUSION 

This is the first study to describe spinal alignment; in all 
planes of movement, during the deadlift among men and 
women lifters, and to compare this between sexes. The re-
sults indicate that both sexes decreased lumbar lordosis 
from standing habitual posture to the start position of the 
deadlift and that spinal adjustmenst were made during ex-
ecution of the deadlift. The decreased lumbar lordosis from 
standing habitual posture to the start position of the dead-
lift was significantly greater among men. As indicated by 
the measures of lumbar spine ROM, both men and women 
adjust their spinal alignment in all three planes of move-
ment when performing a deadlift at approximately 70% 
of 1RM. Despite guidelines that a lumbar lordosis and/or 
neutral position should be preserved when lifting heavy 
weights, it seems that men and women lifters partially flex 
the lower back when performing deadlift at a sub-maximal 
load. Whether spinal alignment adjustments of this magni-
tude have an impact on injury risk should be investigated. 
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Background  
Performance asymmetries between the lower limbs have been reported across a variety of 
variables and for numerous motor tasks including double leg squats. Additionally, the 
degree of symmetry is often used as a recovery metric during rehabilitation programs. 

Hypothesis/Purpose  
The purpose of this investigation was to examine leg asymmetry during a bodyweight 
double leg squat task and assess the effects of squat speed in a physically active 
population. 

Study Design   
Cross-over Study Design. 

Methods  
Eighteen healthy individuals completed two sets of 20 squats at two tempos (preferred 
tempo and 60 bpm) while ground reaction force and center of pressure data were 
recorded using dual force plates. Peak vertical ground reaction force, force impulse, and 
center of pressure (COP) standard deviation in the anterior-posterior (AP) and 
mediolateral (ML) direction were calculated and analyzed to identify any differences 
between legs, tempo, and as a function of repetitions. Significance was set at ρ ≤ .05. 

Results  
The subjects exhibited greater ground reaction forces during the self-paced tempo 
compared to the metronome-paced tempo (F1,79 = 14.48, p < .001) with the preferred leg 
generating larger values than the non-preferred leg during the self-paced condition. 
There was also a significant tempo x leg interaction for force impulse (F1,79 = 5.927, p = 
0.015). A greater amount of COP variability was found in the preferred leg compared to 
the non-preferred leg in both the AP (F1,79 = 30.147, p < 0.001) and ML (F1,79 = 41.204, p < 
0.001) directions. 

Conclusions  
These findings highlight the importance of considering multiple levels of analysis when 
assessing lower limb symmetry as separate variables may provide differential evidence for 
asymmetry. Practically, these results emphasize the need for coaches and practitioners to 
consider different degrees of lower limb asymmetries that may impact the development 
and design of strength and rehabilitation programs. 
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Level of Evidence    
3 

INTRODUCTION 

The double leg squat, in either the loaded or bodyweight 
form, serves as a common functional exercise used in 
weight training and rehabilitation settings. Successful exe-
cution of the movement requires the coordination and con-
trol of numerous muscles, as well as the maintenance of 
postural stability. Given the dynamic nature and functional 
demands of the double leg squat, it is often assumed that 
symmetric control exists between the right and left legs, as 
evidenced in part by the common approach to only collect 
unilateral measurements.1,2 Furthermore, it is often pos-
tulated that symmetrical kinematics derive from symmet-
rical force production and symmetrical joint moments dur-
ing a squat movement.3 However, redundancies present in 
the neuromuscular system afford the possibility of bilateral 
asymmetries across different levels of analysis. Thus, cau-
tion should be exercised when interpreting the existence 
of bilateral symmetry, particularly when used to determine 
exercise prescription on the common assumption that the 
demand will be equally split between the two extremities. 

Bilateral asymmetries have been examined across a va-
riety of motor tasks including countermovement jumps, 
single leg countermovement jumps and hops, back squat, 
gait, and upright standing. Similar to evidence found in 
gait,4 conflicting findings exist on whether bilateral differ-
ences are present during the squat movement, and this is 
evident across multiple levels of analysis (e.g., kinetic – 
joint torque, ground reaction forces or kinematic measure-
ments). However, few studies have addressed the dynamic 
balance component (e.g., postural sway) of the squatting 
movement. Flanagan and Salem5 used a modified center of 
pressure (COP) variable that was derived as the distance 
from the ground reaction force (GRF) application point to 
the ankle joint and showed significantly greater distances 
for the left lower limb as compared to the right limb across 
various loading conditions. Using more typical COP mea-
surements, Kohn and colleagues6 reported postural stabil-
ity measurements as a function of upward gaze direction 
during squatting and found that a downward, compared 
to an upward gaze, reduced COP displacements. However, 
the preceding evidence focuses on a whole-body COP met-
ric and have yet to address the question of whether the 
maintenance of balance during this dynamic movement is 
achieved equally from the right and left limbs. 

Although limb asymmetry is commonly interpreted as 
indicative of pathology, evidence from gait analyses sug-
gests that even healthy individuals display asymmetrical 
behavior.4 In fact, most individuals exhibit a degree of 
lower limb performance preferences manifested as a strong 
functional advantage for one limb in asymmetrical tasks.7 

Specifically, staggered and tandem standing resulted in in-
creased asymmetrical weight distribution between the legs 
as compared to a side-by-side posture.8 During locomotion, 
an asymmetrical second peak of the vertical GRF curve was 
found and influenced by walking speed while other kinetic 

properties remained symmetrical.9 Collectively, it is impor-
tant to understand the contributing factors to limb symme-
try and to explore how the body adapts to changes in envi-
ronmental or tasks constraints that may lead to functional 
advantages for one of the lower limbs. 

Bilateral asymmetries can be calculated using a variety 
of equations that typically revolve around distinctions like 
dominant versus nondominant, right versus left, stronger 
versus weaker, or preferred versus nonpreferred limbs. Ad-
ditionally, different metrics (e.g., symmetry indices, sta-
tistical analysis) have been used to examine the degree 
of symmetry between the right and left legs. In healthy 
gait, some investigations analyzed ground reaction forces 
while others examined spatial-temporal properties of walk-
ing and running.4 Additionally, postural control asymme-
tries have typically been addressed using center of pressure 
(COP) with evidence of asymmetry found in both static 
and dynamic balance tasks.8,10,11 Examination of bilateral 
asymmetries over multiple levels of analysis may provide 
insight into possible underlying mechanisms that facilitate 
successful task execution and has the potential to guide 
practitioners in designing effective training and rehabilita-
tion exercises. 

The current investigation explored whether leg asymme-
try exists during a bodyweight double leg squat task and 
assessed the effects of squat speed in a physically active 
population. First, we examined whether typically used ki-
netic variables (e.g., vertical ground reaction force – GRFv) 
demonstrated bilateral asymmetries during the double leg 
squat.12 A secondary aim addressed the lack of evidence re-
lated to postural stability asymmetries by quantifying cen-
ter-of-pressure (COP) sway of each leg. Increased COP dis-
placements are interpreted as an indication of less postural 
control and poorer balance performance. Based on the find-
ings of Flanagan and Salem,5 it was predicted that the left 
leg would exhibit greater COP displacements. Finally, the 
pace of movement has been shown to influence movement 
characteristics,9 and we sought to examine whether this 
pattern of results remained consistent for self-paced and 
metronome-paced movements during 20 repetitions of the 
double leg squat task. 

METHODS 

Eighteen physically active young adults (10 F, 23.17 ± 1.72 
years, 173.5 ± 10.18 cm, 74.18 ± 16.31 kg) were recruited 
from a university campus and provided informed consent 
prior to participation. Participants were considered active 
if they reported participating in physical activity a mini-
mum of three days per week. Lower limb preference was de-
termined by asking participants which leg they would use 
to kick a ball for maximum distance (right-preferred =12, 
left-preferred = 6). Participants reported no lower extrem-
ity injury that required surgery in the past year. The follow-
ing protocol was approved by the Texas Christian University 
institutional review board prior to implementation and in-
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formed consent was obtained from all participants prior to 
data collection. 

Participants completed two sets of 20 repetitions of dou-
ble leg squats with one set performed at a preferred tempo 
(self-selected by each participant) while the other set was at 
a non-preferred tempo (metronome - 60 bpm; one second 
descent, one second ascent). Feet were positioned shoulder 
width apart and arms were extended overhead during the 
bodyweight squats. The order of squat tempo was random-
ized for each subject. During all squats, participants exe-
cuted the movement to a depth that was comfortable for 
them and a researcher observed performance to ensure that 
participants maintained a similar depth for the set of 20 
repetitions. During the repetitive squat movement, bilat-
eral GRFv were collected with dual force plates (AMTI, Wa-
tertown, MA, USA) using a sampling rate of 100 Hz. 

Kinetic data were filtered using a Butterworth filter and 
a 10 Hz cut-off frequency. A researcher manually identified 
each squat cycle in Visual 3D (C-Motion, Inc., Germantown, 
MD, USA) with initiation of right knee flexion indicating 
squat start and termination of right knee extension indicat-
ing squat end. The squat phases were then defined as the 
time from initiation of right knee flexion to maximum knee 
flexion (descent phase) and maximum knee flexion to ter-
mination of right knee extension (ascent phase). The GRFv 
peak and impulse were determined for the right and left 
legs for the ascent phase of each squat repetition since the 
peak GRF typically occurs during this phase.12 The variabil-
ity of center of pressure trajectories in the anterior-pos-
terior (AP) and medial-lateral (ML) directions for the pre-
ferred and non-preferred legs were computed by standard 
deviation for the entire duration of each trial. 

The dependent variables (movement time, peak GRFv, 
Fimpulse, COP standard deviation – AP, COP standard devi-
ation – ML) were analyzed in separate 2 (leg: preferred vs. 
non-preferred) x 2 (tempo) x 20 (repetition) repeated mea-
sures analysis of variance. Based on the sample size (n = 
18), an alpha level set at p < 0.05, and an effect size set to 
0.15, the current study achieved a level of statistical power 
equal to 0.84. Data are reported as mean ± standard devi-
ation. All tests were performed using SPSS statistical soft-
ware (IBM, Chicago, IL). 

RESULTS 

Mean movement time was evaluated between the self-
paced and metronome conditions through a one-way 
ANOVA and revealed a significant difference for movement 
time (F1,37 = 20.93, p < 0.001) with longer squat times for 
the self-paced (1.92 ± 0.27 s; 62.5 +1.85 bpm) compared to 
the metronome (1.82 ± 0.13 s; 65.93 ± 3.84 bpm) condition. 

The analysis of peak GRFv revealed a significant tempo x 
leg interaction (F1,79 = 7.593, p = 0.006). Although individu-
als executed the squat movement with a greater peak GRFv 
during the self-paced (Preferred: 550.27 ± 172.15 N; Non-
Preferred: 518.40 ± 134.19 N) than in the metronome (Pre-
ferred: 498.96 ± 115.93 N; Non-Preferred: 508.35 ± 130.08 
N) condition for both legs (F1,79 = 14.48, p < 0.001), there 
were significantly larger peak GRFv values for the preferred 

limb compared to the non-preferred leg during the self-
paced condition. No leg difference, repetition effect, or 
other interactions were found for peak GRFv (Figure 1, top 
panel). 

There was also a significant tempo x leg interaction for 
Fimpulse (F1,79 = 5.927, p = 0.015), with preferred and non-
preferred limbs performing differently depending upon the 
tempo condition. Post-hoc analysis revealed similar im-
pulses for the preferred and non-preferred limbs during 
metronome condition (Preferred: 312.55 ± 70.81 Ns; Non-
Preferred: 306.98 ± 78.68 Ns, p = 0.34), but significantly 
greater impulses for the non-preferred limb during the self-
paced condition (Preferred: 300.4 ± 67.84 Ns; Non-Pre-
ferred: 314.91 ± 77.5 Ns, p < 0.001) – see Figure 1, bottom 
panel. No significant main effects or other interactions 
were found for Fimpulse (p > 0.05). 

A significant main effect of limb was found on COP stan-
dard deviation in both the AP [F1,81 = 30.15, p < 0.001] and 
ML [F1,81 = 41.20, p < 0.001] directions with no other sig-
nificant main effects or interactions (see Figure 2). In the 
AP direction, the preferred limb (3.21 ± 0.57 cm) showed 
greater variability than the non-preferred limb (1.92 ± 0.06 
cm) with the same pattern of results observed in the ML di-
rection (preferred: 1.50 ± 0.38 cm; non-preferred: 0.62 ± 0.3 
cm). 

DISCUSSION 

The current study evaluated the degree of (a)symmetry in 
a double leg squat as a function of squat tempo and rep-
etition. The results revealed bilateral asymmetry for peak 
GRFv and Fimpulse dependent on squat tempo. Higher peak 
GRFv values were observed during self-paced squats com-
pared to metronome-paced squats in both limbs. The pre-
ferred limb exhibited a greater difference in peak GRFv 
across tempo conditions, while the non-preferred showed 
similar values across tempos. Complimenting the asym-
metrical kinetic GRF variables, the results also showed that 
the preferred limb exhibited greater COP variability in both 
AP and ML directions compared to the nonpreferred limb. 
These findings highlight the importance of evaluating the 
degree of limb symmetry across multiple levels of analysis 
and indicate a functional specialization exists within the 
lower extremities when considering force production and 
postural control properties. 

At the GRF level of analysis, the between limb peak GRFv 
asymmetry finding during the squat task supports some 
previous evidence,13 while contrasting other results.14 Dur-
ing weighted back squats performed by college athletes 
Newton et al.13 reported significant bilateral differences in 
peak GRFv during the concentric phase of the movement 
with the dominant leg producing a greater peak force. How-
ever, when categorized by right and left leg, no significant 
difference in peak GRF was found between limbs, seemingly 
indicating limb symmetry.13 In a drop landing task, Schot, 
Bates, & Dufek14 qualitatively observed bilateral asymme-
tries in GRF peaks at the individual level but reported no 
significant limb differences when compared at the group 
level. In alignment with Newton and colleagues,13 the cur-

Lower Limb Ground Reaction Force and Center of Pressure Asymmetry During Bodyweight Squats

International Journal of Sports Physical Therapy



Figure 1. Significant Tempo x Leg Interactions for Peak GRF       v  and F impulse.  
Top Panel: Peak GRFv was significantly greater for the preferred limb compared to the non-preferred limb in the self-paced condition compared to the metronome condition during 
bodyweight squats (p < 0.001). No other main effects or interactions were significant for peak GRFv. Bottom Panel: Fimpulse was significantly larger for the non-preferred limb during 
the self-paced condition. GRFv: vertical ground reaction force; N: Newtons. 

rent study only considered the concentric phase of the 
squat. Consistent with their findings in a weighted back 
squat, the current results revealed that peak force asymme-
tries exist during bodyweight squat. However, Newton et al. 
categorized the dominant limb based on isokinetic strength 
testing and linked such strength differences to other func-
tional asymmetries found in explosive movements. Here, 
preferred limb was identified using a footedness question-
naire which may exhibit differing characteristics than the 
asymmetric performance advantage (e.g., limb dominance, 
strength imbalances) observed previously. Future investi-
gation is needed to better understand the connections be-
tween limb dominance and preference during the squat 
movement given that previous evidence has highlighted 
that injury and fatigue appear to induce greater degrees of 
lower limb asymmetries.3 

The functional demands of the squat movement would 
appear to require symmetrical kinetic properties pertaining 
to force production, suggesting a lack of functional special-
ization between the lower limbs in healthy individuals. Bi-
lateral asymmetries have been explored in a variety of mo-
tor tasks with the collective evidence failing to provide clear 
insight on the generality of interlimb performance charac-
teristics. For example, an investigation of limb dominance, 
foot orientation, and functional asymmetry during normal 
gait resulted in significant differences between the domi-
nant and non-dominant limb for medial and lateral peak 
GRF and impulses.15 In upright standing, some findings in-
dicate that the dominant limb exhibits a performance ad-
vantage (e.g., less postural sway) over the non-dominant 
limb, whereas other findings typically show symmetrical 

postural sway between the limbs. Furthermore, motor tasks 
that demand asymmetrical roles (i.e., kicking, stepping on 
a box) between the limbs do appear to support the notion of 
asymmetrical control. The results of the current study sug-
gest that the force production characteristics and postural 
control properties of the lower limbs in healthy individu-
als both reflect asymmetry but to varying degrees depen-
dent on the tempo of the squat movement. For example, 
the contrasting findings between the two kinetic variables 
(GRF peak and impulse) suggest that further delineation 
may be needed between the control properties of the pre-
ferred and non-preferred limbs. A clear performance advan-
tage for the preferred limb was observed in terms of pro-
ducing peak force values during the self-paced condition of 
the squat movement. This advantage appears to be comple-
mented by efficient force production in that lower impulses 
were produced compared to the non-preferred limb. Over-
all, these findings are consistent with the notion of func-
tional specialization of the lower extremities in most motor 
tasks.16 

The variation of movement tempo has been used fre-
quently during walking and running tasks to understand 
potential shifts of lower limb symmetries.17,18 However, 
manipulation of tempo has received minimal consideration 
during bodyweight squats despite the relevance to reha-
bilitation approaches. Here, both the preferred and non-
preferred limbs exhibited greater peak GRFv during self-
paced bodyweight squats compared to squats executed in 
the metronome condition that was likely associated with 
an increased movement velocity.19 This pattern of results 
held true for the non-preferred limb when considering 
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Figure 2. Comparison of COP Variability in the AP and ML Directions.           
Significantly greater variability was found in the preferred limb compared to the non-preferred limb in both the AP (p < 0.001) and ML direction (p < 0.001). SD-COP: standard devia-
tion - center of pressure; cm: centimeters; AP: anterior-posterior; ML: mediolateral. 

GRFimpulse but the preferred limb exhibited lower 
GRFimpulse during self-paced squats compared to the 
metronome condition. Understanding how tempo affects 
force production and variability, specifically during body-
weight squats, may have an impact on therapeutic exercise 
prescription as rehabilitation exercises are often performed 
at a self-selected pace. Here, smaller degrees of asymmetry 
were observed in the metronome condition compared to the 
self-paced condition. Promoting symmetrical characteris-
tics is often a primary goal of rehabilitation for most lower 
limb injuries, and the use of a metronome may facilitate an 
individual’s ability to control the level of force production 
between the injured and non-injured limb. 

The dynamic nature of bodyweight squats challenges the 
stabilization control of each leg, and the current findings 
revealed different postural solutions between the preferred 
and non-preferred leg not typically found in simple bal-
ance tasks.20–22 The reduced COP variability observed for 
the non-preferred as compared to preferred leg suggests 
an enhanced stabilization component for the non-preferred 
leg during the propulsion phase of this dynamic movement. 
Therefore, it appears that the non-preferred leg more ef-
fectively countered the mechanical perturbations of body 
movements, and this was consistent for both AP and ML 
directions. However, future investigations should consider 
not only pedal preferences8 but also training histories16 

when interpreting bilateral asymmetries. 
Another aim of the current investigation was to examine 

the potential interaction between two types of asymmetry 
(ground reaction forces and COP under each foot), which 
has received minimal study in the literature. Significant dif-
ferences were observed between the lower limbs for the GRF 

properties, and the non-preferred limb showed significantly 
lower COP displacements than the preferred limb. Previ-
ous evidence has shown the dependent nature of weight 
distribution on COP displacements during upright stand-
ing. For example, Rougier22 showed that the more loaded 
limb exhibited larger displacements during unstable con-
ditions, suggesting a compensatory strategy between the 
lower limbs in order to minimize whole body sway. Sim-
ilarly, King, Wang and Newell8 revealed asymmetries that 
were dependent on weight distribution across different 
postural configurations (staggered and tandem stances). In 
the current study, the less stable preferred limb showed in-
creased displacements in both the AP and ML directions. 
Thus, the reduced COP motion under the non-preferred 
limb may aid in limiting whole-body COP displacements in 
a manner that achieves postural stability in both directions 
during squat execution. Future examinations of the rela-
tive contribution of each limb (i.e., weight distribution) to 
whole-body COP movements would provide insight into the 
ability of the postural control system to accommodate such 
variable asymmetries. 

While the current study did not directly examine the role 
of fatigue, it is important to consider the relative impact 
of fatigue on bilateral asymmetries. A lack of a significant 
repetition effect suggests that fatigue did not influence the 
measured bilateral asymmetries (peak GRFv, COP variabil-
ity, or impulse – Fimpulse) during the bodyweight squat task 
within a healthy, active population. Interestingly, during 
five sets of eight repetitions of a weighted squat exercise, 
bilateral GRFv became more symmetric after participants 
were fatigued within one set, but this symmetrical behav-
ior did not carry over between sets.12 Similar results of in-
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creased symmetry of load distribution and knee and hip 
joint loading patterns were observed within a patient pop-
ulation (anterior cruciate ligament reconstruction) during 
10 consecutive bodyweight squats completed after a fatigu-
ing protocol.3 The physical activity level of the participants 
may have mitigated the role of fatigue across the 20 squat 
cycles. Additionally, in contrast to typical fatigue protocols, 
the volume of workload used in the current study may have 
only resulted in a minor degree of fatigue, and future inves-
tigations should examine the process of fatigue onset with 
increased movement repetitions. 

A few limitations of the current study need to be con-
sidered. First, the experimental instructions did not impose 
constraints on participants’ selection of the self-paced 
tempo to be faster or slower than the metronome-paced 
tempo, and future investigations should consider individu-
alizing the metronome tempo by manipulating a self-paced 
tempo by a percentage value. Second, it may be important 
for future investigations to consider sport-specific training 
that may influence bilateral asymmetries. Lastly, pedal 
asymmetry developed through the bilateral or unilateral 
nature of a sport potentially further contributes to differ-
ences in pedal asymmetry.23 

CONCLUSION 

The double leg squat, in either a bodyweight or weighted 
condition, represents a foundational movement pattern 

used in most sport training programs and is highly funda-
mental to rehabilitation environments. While asymmetries 
in ground reaction forces tend to be minimized through 
certain training approaches, the observed functional differ-
ences of the recorded kinetic properties in the current study 
indicate that traditional notions of symmetry may not hold 
true, even within a population of healthy individuals. While 
these results add to the existing literature, further work 
is needed to fully understand the impact of tempo, sport 
training, and fatigue on the functional outcomes associated 
with the double leg squat, as it is a frequently-used exercise 
in rehabilitation and athletic settings. Coaches and practi-
tioners need to consider this preferential use of the right 
and left legs when developing strength training exercises 
and sport-specific drills in order to maximize overall task 
performance for these athletes. 
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Background  
Lower extremity injuries among young female handball players are very common. The 
modified Star Excursion Balance Test (mSEBT) is a valid clinical tool to assess dynamic 
postural control and identify athletes with higher risk of injury. However, its 
interpretation is difficult since performance on this test is highly sport dependent. No 
normative values on the mSEBT exist in handball. 

Purpose  
The aim of this investigation was to establish normative ranges of mSEBT performance in 
young, healthy female handball players to help practitioners when interpreting risk 
estimates. 

Study design   
Cross-Sectional Study 

Methods  
Athletes from 14 elite teams were recruited during a national tournament and performed 
3 trials in the anterior (ANT), posteromedial (PM), posterolateral (PL) directions of the 
mSEBT. Means, standard deviations and 95% confidence intervals (95%CI) of normalized 
reached distances were calculated for each direction and the composite score (COMP). 
Level of asymmetry between dominant and non-dominant limbs were calculated for each 
direction using Bland Altman analyses. Group differences were weighed against the 
established mSEBT minimum detectable differences (MDD) to compare scores between 
limbs and across different player positions. 

Results  
One-hundred and eighty-eight females (16.8±0.9 years) were tested. Mean reach 
distances were 65.2±5% (64.7-65.7), 110.0±6.2% (109.3-110.6), 107.1±6.2% (106.5-107.8) 
and 94.1±4.9% (93.6-94.6) for the ANT, PM, PL directions and COMP score respectively. 
Bias and limits of agreement for limb asymmetry were -0.23% (-5.85%, 5.38%) for ANT, 
-0.83% (-8.80%, 7.14%) for PM, 0.33% (-8.51%, 9.17%) for PL and -0.27% (-4.88%, 4.33%) 
for COMP score. No meaningful differences were observed between limbs or across player 
positions since the values did not exceed the MDD and all 95%CIs overlapped. 
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Conclusion  
This study provides normative performance values for dynamic postural control as 
measured by the mSEBT among young, healthy, elite female handball players. 
Considering the high incidence of injury in this population, these values can be used for 
injury risk reduction and return to sport decisions. Further prospective studies are 
needed to established specific cut-off scores in this population. 

Level of evidence    
2c 

INTRODUCTION 

Handball is one of the most popular Olympic team sports 
in Europe with an increased number of players over the 
past decades.1 It is now considered as one of the sports 
with the highest injury rates2,3 as it requires high-intensity 
skills including intermittent sprinting, jumping and land-
ing, and one-on-one dual tasks with fast changes of di-
rection.4 These are all considered to be high-risk demands 
associated with lower limb injuries since they require chal-
lenging technique and coordination elements like catching, 
throwing, passing, and dribbling.5 In handball aggressive 
contacts are also often used not only to stop the opponent 
but also to intimidate opposing strikers from approaching 
the goal. Unlike most other team sports, an unlimited num-
ber of fouls are allowed to neutralize opponents and disrupt 
the attacking team’s strategy.2,3,6 Injury incidence has been 
estimated at 89–129 injuries per 1,000 match hours for 
males and 84–145/1,000 match hours for females during 
elite competition.7 Knee and ankle joint injuries represent 
50% of all injuries in handball1 including lateral ankle 
sprains (LAS) and anterior cruciate ligament (ACL) rup-
tures.8 Young female players (16-18 years old) are consid-
ered to be at higher risk for lower limb injuries compared to 
their male counterparts.1,9 

For the sports health care staff and coaches of a compet-
itive team, injury risk reduction remains a central issue, es-
pecially among young female athletes.10 The rehabilitation 
process and the decision to return to sport also require ob-
jective criteria to mitigate the risk of recurrence and allow 
athletes to return to the field at the same level of play.11,12 

In order to effectively reduce the risk of injury, it is first 
important to identify risk factors that predispose athletes 
to injuries.10 Normative data or preseason baseline char-
acteristics from healthy similar populations are therefore 
needed to first understand what is considered to be nor-
mal.13 A careful approach to the selection of relevant test 
protocols is needed for the health and performance staff 
around the handball player.14 

The Star Excursion Balance Test (SEBT) is a reliable and 
accessible test to assess lower body dynamic postural con-
trol.15,16 It is a common clinical assessment tool to detect 
functional deficits15 associated with chronic ankle instabil-
ity (CAI)17 and ACL deficient athletes.18 It has also demon-
strated predictive value for identifying those at greater risk 
of lower limb injuries in team sports.19,20 A recent meta-
analysis12 also highlights its relevance to assess lower limb 
injury risk factors among female team court sports. A modi-
fied version (mSEBT) using only three (anterior, posterome-

dial and posterolateral) of the eight original directions was 
proposed to simplify the execution of the test and avoid re-
dundancy without decreasing accuracy and reliability of the 
test.15 This functional test is now considered as one of the 
most useful clinical tools to assess dynamic postural con-
trol among various injured populations.21 

Recent evidence suggests that there are several factors 
that influence performance on the mSEBT, including the 
type of sport, level of expertise, age, and sex.13,15,22,23 Be-
cause of these factors, it is difficult to generalize perfor-
mance values from one specific sport population to an-
other. While the mSEBT is frequently performed and 
advocated in handball population,24 to our knowledge, no 
specific database of normative data for this sport exists. 
Values obtained from healthy athletes at baseline examina-
tions are lacking. In order to assist clinicians when inter-
preting mSEBT scores from their teams, there is a need to 
create a large database of performance on this test among 
healthy players. This would help to target athletes who are 
at increased risk of injury. Indeed, if the player is below the 
ranges established for the healthy population, it could be 
considered that they have a deficit in dynamic postural con-
trol of the lower limb, which is now considered as an im-
portant risk factor for injury. The primary objective of this 
investigation was to establish normative ranges of mSEBT 
performance in young, healthy female handball players. 

Handball is considered as an asymmetric sport due to 
frequent single-leg jumps, landing, side cuts and motor 
skills performed on the support limb.25 As mSEBT reach 
distance and asymmetry are considered potentially impor-
tant risk factors for lower limb injury especially in team 
court female athletes,12,20,26 it is necessary to evaluate the 
normally-occurring level of asymmetry among young unin-
jured players. Consequently, a secondary aim of this study 
was to investigate whether there is a limb performance bias 
(dominant vs non-dominant) and establish normative val-
ues of the level of asymmetry in this population. Despite 
several studies from other sports16,23 that did not reveal 
limb dominance on the test, it was hypothesized that based 
on the asymmetrical nature of handball motor tasks, female 
players would exhibit higher values with their dominant 
limb. Finally, a handball team is composed of several player 
positions that exhibit various physical profiles and motor 
skills.27 Recent evidence has highlighted differences on in-
jury incidence across player positions6,28 and it could be 
argued that specific trends exist regarding lower body dy-
namic postural control when comparing athlete position 
profiles.25 The last objective was then to establish esti-

Establishing Normative Dynamic Postural Control Values in Elite Female Handball Players

International Journal of Sports Physical Therapy



Figure 1. Flow chart of participants selection.      

mates of healthy performance and the normally-occurring 
asymmetry across handball player positions. 

MATERIALS AND METHODS 
DESIGN 

This cross-sectional study was conducted using a large and 
homogenous sample of young elite female players recruited 
during a major women’s national tournament which is the 
highest-level tournament for this age group. 

PARTICIPANTS 

Two hundred and sixteen female handball players from 
fourteen elite female handball teams participated in this 
study (Figure 1). This study was approved by the Regional 
Ethics Committee of the University. Informed consent was 
obtained from all participants and the rights of athletes 
were protected. As all of them were under 18 years of age, 
parental or guardian received and signed the institutionally 
approved informed consent. Athletes were informed of the 
benefits and risks of the investigation. 

As previous injury influences mSEBT performance,15 a 
clinical examination was performed by a certified sport 
physiotherapist and injury history was recorded before 
completing the testing session. Only healthy athletes were 
selected (e.g. pain free, cleared for full participation, not 
receiving medical treatment) to create a reliable database 
of mSEBT performances for handball female players. Play-
ers with recent injuries on lower limbs (i.e. less than three 
months) were not included in the study. 

Prior to the test, age, level of play (club division and ex-
perience at that level), position on the field and limb dom-
inance were recorded. Athletes were asked to determine 

their level of fatigue using a Borg scale ranging from 0 to 
10.29,30 Then, after the completion of the test, athletes had 
to report any perception of pain during the test. Athletes 
who presented a level of fatigue greater than 6 (i.e. strong 
fatigue) or/and perception of pain were excluded from the 
analysis. Athletes were also split into four position groups 
(wing, back, goalkeeper and pivot) according to their usual 
match and training positions. The dominant limb was de-
fined as the preferred push-off leg during handball tasks 
such as jumping and shooting.31 

There was a homogenous level of competition and prac-
tice (8h of training plus one match per week) across ath-
letes as they were considered as the best national handball 
players under 18 years of age (Elite National 1). 

PROCEDURES 

The mSEBT procedure followed recently published guide-
lines16 and methods described in large cohort studies in 
order to assess dynamic postural control among ath-
letes.13,15,32 Dynamic postural control refers to the taskt 
that the subject while standing on a single limb, has to 
reach as far as possible with the opposite limb along several 
lines on the floor and return to the initial position without 
losing balance.15 It therefore reveals the athlete’s postural 
ability during a dynamic movement of the opposite lower 
limb. Athletes performed a standardized mSEBT training 
session prior to the testing session which consists of four 
practice trials on both legs in each direction.33 No technical 
skill is needed for implementing the mSEBT, as anyone 
can administer the test with appropriate training regardless 
of their qualification. Indeed, Van lieshout et al. showed 
that if the evaluator is trained properly, test reliability re-
mains good to excellent.34 The instructions for performing 
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Figure 2. Position of the subject for the evaluation of         
the right limb in the anterior direction.        

the mSEBT were given by the same trained investigator 
who demonstrated and the test and feedback was provided 
during the practice trials in accordance to the established 
guidelines. Athletes performed the mSEBT on each lower 
limb, starting with the right limb and alternating side for 
each direction in order to avoid fatigue. They stood bare-
foot in double limb stance (i.e. feet together) in the middle 
of the testing grid. In order to ensure an equal position 
across the measured trials, athletes placed with the most 
distal aspect of their great toe at the origin line (Figure 2). 
This foot position remained constant between all testing 
directions, in accordance with previously published stan-
dards.13,15,26 

Athletes were asked to reach the maximal distance along 
each direction with the most distal portion of the reaching 
foot touching the directional line and regaining double 
limb stance. For each trial, athletes were required to max-
imally reach in the respective test direction, slightly touch 
the tape measure with the toe of the reaching limb without 
shifting weight to it. During the test, athletes were asked to 
keep their hands on the hips and were not allowed to move 
or lift the stance foot.35 Three trials were then recorded for 
each leg in the three directions.15 In order to avoid fatigue, 
the measured limb was alternated between each direction. 
Performance was assessed by the same investigator with a 
measuring tape directly placed on the floor. 

For between-athlete comparisons, reach distances were 
normalized to lower limb length.15 The leg length was mea-
sured in supine position, from the anterior superior iliac 
spine to the medial malleolus by the same investigator. 

The average of the three trials was used for analysis of 
each outcome measure.13 Normalized reach distances (i.e. 
percentage of limb length) for the anterior (ANT), postero-

medial (PM) and posterolateral (PL) directions were calcu-
lated from the following equation.15,34 

Mean of those directions were used to calculate the com-
posite score (COMP) for each athlete from the following 
equation: 

STATISTICAL ANALYSES 

Assessment of Limb Performance Asymmetry: To assess the 
level of side-to-side asymmetry, pairwise t-tests were used 
to compare the dominant and non-dominant limb for each 
direction as well as the composite score. Limits of agree-
ment were calculated using Bland Altman methods36,37 for 
each direction and COMP score in the overall sample. The 
asymmetry values were then contextualized based on the 
established minimum detectable differences (MDD) for 
each direction in the published literature.16 Indeed, even 
if the differences may appear significant, it is necessary to 
verify that they can be identified with the test by exceeding 
the MDD. 

Overall mSEBT Performance: After checking that no side-
to-side asymmetry existed, both limbs were pooled to cre-
ate overall estimates of mSEBT performance for each par-
ticipant. Means, standard deviation (SD) and 95% 
Confidence Intervals (95% CI) were used to provide a point 
estimate and measure of variability of what is considered to 
be “normal” for female handball players. 

The Influence of Position on mSEBT Performance: Finally, 
means and 95% CI were calculated for player position. For-
est plots were then generated to visually appreciate any 
trends associated with player position and mSEBT perfor-
mance. As well, asymmetry scores were further stratified to 
player position and the asymmetry upper and lower limits 
were compared to the established MDD. 

All statistical analysis were performed on JASP (Ams-
terdam 0.16.2.0). Before carrying out the statistical tests, 
normality was checked using the Shapiro–Wilk test. For all 
analyses, statistical level of significance was fixed at p < 
0.05 and effect size (i.e. Cohen’s d) were calculated if nec-
essary for all the comparison. 

RESULTS 

After exclusion criteria were applied, 188 (16.8 ±0.9 years) 
of the 216 original athletes were included in this study (Fig-
ure 1). Baseline characteristics for the participants are re-
ported in Table 1. 

Normalized performance for the overall sample and esti-
mates for the population (95%CI) can be found for each di-
rection and the COMP score in Table 2. The ANT direction 
had the lowest normalized reach distances across partici-
pants. Performance in both posterior directions was similar 
and confidence intervals did not overlap with ANT values. 
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Table 1. Baseline characteristics of all participants.      

Age (Years) Height (cm) Mass (kg) 

Overall (n=188) 16.8 (±0.9) 171.5 (±4.8) 61.7 (±6.4) 

Wing (n=58) 16.8 (±0.9) 165.8 (±3.4) 56.6 (±3.3) 

Back (n=65) 16.8 (±0.9) 171.2 (±1.9) 58.4 (±2.7) 

Goalkeeper (n=33) 17 (±0.9) 173.7 (±4.6) 64.3 (±5.1) 

Pivot (n=32) 17 (±0.9) 175.2 (±2.9) 67.3 (±7.4) 

Table 2. Means, standard deviation (SD) and 95% Confidence Intervals of normalized score (% limb length) for                
anterior (ANT), posteromedial (PM), posterolateral (PL) direction and composite (COMP) score.            

Mean and Standard Deviation Confidence Intervals (95%) 

ANT Overall population 65.2 ±5 64.7-65.7 

Wing 
Back 
Goalkeeper 
Pivot 

65.3 ±5.5 
64.9 ±4.7 
64.6 ±4.5 
66.3 ±5.1 

64.3-66.3 
64.1-65.7 
63.5-65.7 
65.0-67.6 

PM Overall population 110.0 ±6.2 109.3-110.6 

Wing 
Back 
Goalkeeper 
Pivot 

111.4 ±6.4 
109.1 ±5.9 
109.6 ±5.9 
109.6 ±6.7 

110.1-112.5 
108.2-110.1 
107.3-110.7 
107.7-111.3 

PL Overall population 107.1 ±6.2 106.5-107.8 

Wing 
Back 
Goalkeeper 
Pivot 

108.4 ±6.5 
106.6 ±5.8 
106.1 ±6.2 
106.7 ±6.4 

107.1-109.6 
105.6-107.6 
104.6-107.7 
105.0-108.3 

COMP Overall population 94.1 ±4.9 93.6-94.6 

Wing 
Back 
Goalkeeper 
Pivot 

95.1 ±5.3 
93.5 ±4.2 
93.4 ±4.6 
94.2 ±5.2 

94.0-96.0 
92.8-94.3 
92.1-94.5 
92.7-95.4 

When analyzing side-to-side asymmetry, no significant 
differences were found regarding limb dominance for any 
direction (p>0.05). Performance of the overall sample for 
dominant and nondominant limb as well as means of differ-
ences and limits of agreements for each direction are pre-
sented in Figure 3. Across all mSEBT directions, there was 
less than 1% asymmetry between limbs, which indicated 
that there was not a limb bias in mSEBT performance. The 
difference between the dominant and non-dominant limb 
(with 95%CI) averaged -0.23% [-5.95; 5.38] for the ANT, 
-0.85% [-8.80; -7.14] for PM, 0.37% [-8.51; 9.17] for PL and 
-0.27% [-4.88; 4.33] for the COMP score (Figure 3B, C, D, 
E). When comparing to the established MDD values for each 
direction,16 the majority of the asymmetries would not be 
considered meaningful (Figure 3). 

Figure 4 illustrates means and 95% CI performance per 
direction for the overall population and each of the four 
player positions. 

Mean and 95% CI asymmetry of performance for the 
overall population and across player positions are repre-
sented in Figure 5. for each direction. 

DISCUSSION 

The primary purpose of this study was to provide normative 
values for performance on the mSEBT in young elite female 
handball athletes. This is the first large sample cross-sec-
tional study investigating mSEBT performance among this 
at-risk population. Considering the narrow range of 95%CI, 
clinicians can assume that healthy players from their team 
should have comparable mSEBT performance (65% for ANT, 
110% for PM, 107% for PL direction and 94% for the COMP 
score) when performing the same testing procedure. Based 
on the overall trends uncovered, both the PM and PL di-
rections exceed 100% of limb length. When comparing to 
National Collegiate Athletic Association (NCAA) Division I 
female players,13 this population exhibited higher COMP 
scores than athletes from all sports that have been pre-
viously evaluated (basketball, golf, hockey, soccer, softball 
and volleyball). Interestingly, the 95% CI reported from 
this study did not overlap with those calculated from this 
sample. Those differences seem to be highly influenced by 
much greater scores in the PL direction compared to oth-
ers sports.13 Comparable performances were observed, es-
pecially in basketball, for ANT (64.3% and 63.4%), and in 
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Figure 3. Means and Standard Deviation of normalized performances in anterior (ANT), posteromedial (PM),             
posterolateral (PL) direction and composite score (COMP) for dominant and non-dominant limb             (A). Between   
limb comparisons using Bland and Altman representation with limits of agreements (dotted) and minimal               
detectable difference (solid) for ANT      (B), PM   (C), PL   (D)  and COMP   (E).  

hockey for PM (110.3 and 113.1%) on the dominant and 
non-dominant limbs respectively. Results from handball fe-
male players are also very similar in PM and PL direction 
but considerably lower ANT scores than those previously 
reported (71 to 81%) among high school basketball and 
older soccer female players.23,26 When comparing results 
from this study with elite and semi-professional female 
volleyball players,32 ANT scores were also lower (73.5% 
and 68.6% respectively) while all others performance values 
were much higher (90.4 and 83.7% for PM, 89.3 and 83.6% 
for PM, 84.5 and 78% for the COMP score) despite similar 
testing procedures. These results confirm that mSEBT per-
formance appears to be influenced by the type of sport. 
Those discrepancies may be related mainly to anthropo-
metric differences, physical demands, and movement pat-
terns specific to handball. This sport is indeed character-
ized by intense body contact and demanding coordination 
skills, like catching, throwing and dribbling while being 
pushed by an opponent. Maximum intermittent sprints fol-
lowed by explosive sidestep cutting maneuvers are also very 
frequent. 

The second objective of this study was to evaluate side-
to-side asymmetry according to lower limb dominance on 
mSEBT. Limb dominance does not appear to be a factor re-
lated to mSEBT performance in this group of athletes. This 
result aligns with evidence from other sports16,23 where 
side-to-side asymmetries on the test were not revealed. 
Handball female players from this study performed very 
similarly on their dominant and non-dominant limbs. In-
deed, the upper and lower limits of the 95% CI for the level 
of asymmetry were very similar to the reported MDD (i.e. 

5.7 vs 5.87%, 8.79 vs 7.84%, 8.8 vs 7.55% and 4.6 vs 6.7% 
for ANT, PM, PL direction and COMP score respectively).16 

More precisely, none of the 188 athletes exceed the MDD 
for limb asymmetry in the COMP score, while only 6.9% (13 
athletes) overlap it in the ANT and PM direction and 10.6% 
(20 athletes) in PL direction (Figure 3). These results vali-
date the external validity of the limits found in this sam-
ple. Thus, although handball is a sport that is considered 
highly asymmetrical in nature,25 there does not appear to 
be a pattern of differences in performance between the two 
lower limbs. A major side-to-side asymmetry should there-
fore be carefully addressed as it may reveal a potential 
risk factor (see below) for future lower limb injuries.20,26 It 
should be noted that in most studies, the dominant limb is 
defined as the one used to kick a ball while in handball it 
systematically refers to the preferred push-off leg.5 

The third objective of this study was to determine more 
specific mSEBT performance and amount of asymmetry ac-
cording to the player position. This is the first study inves-
tigating dynamic postural control across playing position in 
handball. Team handball is composed of seven players on 
the court exhibiting various physical profiles.27 For exam-
ple, wingers are the fastest (15 and 30 m sprint), strongest 
(counter-movement jump), and most enduring players on 
handball teams compared to other player positions.27 In 
addition, female wingers show different physical and an-
thropometric characteristics than other positions as they 
are typically lighter and shorter.38 The differences in per-
formance observed in this study could also be explained 
by positional demands - wing players require more inten-
sive locomotive activity patterns and motor skills such as 
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Figure 4. Forrest plot of means (%) and 95% Confident Intervals of normalized performances in anterior (ANT),                
posteromedial (PM), posterolateral (PL) and composite score (COMP) for each player positions.             
Vertical lines in the center represents the mean of overall population and dotted lines indicates the Minimum detectable difference. 

sprinting, jumping and complex landing with unbalanced 
distribution than other playing positions.39 Conversely, 
goalkeeper activity skills could be considered more static 
than other players. However, differences across player posi-
tions did not exceed the MDD with all 95% CI overlapping. 
Those results indicate trivial differences between player po-
sitions so that practitioners can be confident when compar-
ing athletes from several positions on the field. When fo-
cusing on pattern of asymmetry, the narrow range of 95% 
CI obtained after splitting athletes (Figure 5) confirms the 
homogeneity of the results. 

There is consistent evidence that the mSEBT is a rele-
vant test in the context of injury risk.12 Indeed, this test 
is widely used by sport clinicians to target individuals with 
higher risk of injury.20,21,26,40–42 Similarly, numerous stud-
ies supported the use of this test in the return to sport deci-
sion following lower limb injuries such as ACL reconstruc-
tion43 and lateral ankle sprains.44,45 While injuries were 
not prospectively monitored in the athletes included in this 
study, several results appear to be relevant for clinicians. 
As previously mentioned, the obtained COMP score in the 

overall population (94.1%) and each player positions were 
higher than most reported studies from various sports. Very 
interestingly, this value was previously described as an im-
portant cut-off score, as female basketball players exhibit-
ing a COMP normalized reach distance lower than 94.0% 
were 6.5 times more likely to sustain a lower extremity in-
jury.26 It appears therefore important for medical and tech-
nical staff to consider this value as a minimum target for 
female handball players in the context of injury preven-
tion and the process of return to sport. Similarly, side-
to-side asymmetry is a key factor for injury risk,15,20,26 

normative values were therefore calculated in this popula-
tions. Results show that 95%CI of normalized asymmetry 
never exceed 3% regardless the direction and player posi-
tion. Stiffler et al.20 showed higher risk of lower limb in-
juries when normalized asymmetry was > 4.5% in the ANT 
direction, with athletes in the injured group demonstrat-
ing 1.9% limb length greater anterior asymmetry on aver-
age than those in the healthy group. When applying the 
cut-off score of 4.5% normalized asymmetry in the ANT di-
rection it represents 22 athletes (11.7%) in our population. 
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Figure 5. Forrest plot of means (%) and 95% Confident Intervals of performance asymmetry for each player                
positions in anterior (ANT), posteromedial (PM), posterolateral (PL) direction and composite score (COMP).              
Vertical lines in the center represents the Minimum detectable difference (MDD) for each direction. 

Similarly, basketball players exhibiting absolute asymmet-
ric performance greater than 4 cm in the ANT direction 
were 2.5 times more likely to sustain lower limb injuries.26 

In handball, wing players were more likely to sustain in-
juries than other positions.28 Handball coaches and clini-
cians should be alerted when their players fall outside the 
reported 95%CI of mSEBT scores and limb asymmetry (Fig-
ure 4 et 5). However, prospective studies are needed to con-
firm and clarify current results and estimates for the popu-
lation and determine specific asymmetry cut-off scores for 
team handball players. 

Limitations of this study include the players’ background 
regarding sports activities before handball.25 It can be ar-
gued that practice history before handball could allocate 
skills that influence performance on mSEBT. Furthermore, 
the tournament lasted three days and some teams were 
evaluated at the beginning and others at the end of the 
competition. Moreover, performance is also influenced by 

age and sex.13,23 Since participants were all recruited from 
young elite women’s handball teams, the results may not 
be generalizable to other age groups, participation levels or 
sport disciplines. Further studies are therefore needed for 
male handball athletes and across different age groups and 
ability levels. 

CONCLUSION 

In this study, a large normative database of mSEBT per-
formance among young, elite, healthy handball players was 
established. Female handball players are considered a high-
risk population for lower limb injuries. Clinicians can use 
these results as a comparison for preseason baseline test-
ing, to evaluate the rehabilitation process when baseline 
characteristics are missing or as return to sport criteria. 
Limb dominance did not influence performance so side-
to-side asymmetry that exceeds established MDDs should 

Establishing Normative Dynamic Postural Control Values in Elite Female Handball Players

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/38174-establishing-normative-dynamic-postural-control-values-in-elite-female-handball-players/attachment/99293.jpg?auth_token=GFBHLFnWwkJGBNfNYgRS


alert clinicians and coaches as a potential risk of future in-
juries. These findings should be used with caution when 
comparing athletes from different sport populations. Fur-
ther prospective studies are needed to establish accurate 
cut-off scores for injury risk. 
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Background  
Assessment of knee flexion torque is a relevant clinical measure following various 
injuries and surgeries to determine progress in rehabilitation and inform decision 
making. A variety of methods using hand-held dynamometry have been shown to be 
reliable in obtaining this measure, and typically require a means of external fixation or 
stabilization. Clinically efficient methods of reliable clinician-stabilization are sparse in 
the literature. 

Hypothesis/Purpose  
Determine inter and intra-rater reliability of two clinically efficient methods of assessing 
isometric knee flexion torque using hand-held dynamometry with clinician-stabilization. 
The hypothesis was that each method would yield good to excellent reliability. 

Study Design   
Cross-Sectional Study 

Methods  
Twenty healthy individuals were assessed by two clinicians on two separate days. During 
each session, knee flexion torque was assessed with hand-held dynamometry with two 
methods: 1) in the seated position with the hip and knee flexed to 90 degrees while the 
clinician stabilized the dynamometer between the participant’s leg and table and 2) in 
prone with the hip at 0 degrees and knee at 90 degrees while the clinician assumed a 
stride stance with elbows locked in extension to stabilize the dynamometer on the 
participant’s leg. Inter and intra-rater reliability were determined for each method. 

Results  
ICC values were 0.88-0.94 and 0.77-0.90 for inter and intra-rater reliability respectively 
with the seated method. The prone method yielded ICC values of 0.84-0.96 and 0.89-0.94 
for inter and intra-rater reliability respectively. MDC values ranged from 30-62% with the 
seated method and 21-40% with the prone method. 

Conclusion  
Inter and intra-rater reliability were good to excellent for assessing knee flexion torque 
with hand-held dynamometry using both the seated and prone methods with clinically 
efficient clinician-stabilization approaches. The prone method may be more sensitive to 
detecting change over time due to lower MDC values. 
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INTRODUCTION 

Sports medicine professionals utilize various clinical tests 
to determine capacity to produce force in patients. Isoki-
netic dynamometry is currently considered the gold stan-
dard for determining single joint muscle strength.1 How-
ever, this is not widely available in the clinical setting due 
to limitations of cost, space, and requisite time for testing. 
An alternative that is frequently used clinically is isometric 
testing with a hand-held dynamometer (HHD). This has 
been shown to be reliable for various joints when set up 
in a rigid and repeatable manner,2 and has been reported 
to be significantly correlated to isokinetic testing.3,4 Al-
though previous work has demonstrated good to excellent 
reliability for clinician-stabilized HHD,4 belt stabilization is 
typically recommended.2 This may be more apparent when 
testing larger muscle groups capable of higher force pro-
duction if the clinician or patient is not able to maintain 
a stable and rigid testing position.5,6 Further supporting 
this notion, the strength and sex of the examiner has been 
shown to influence reliability.5–7 Utilizing belt fixation or 
other forms of external fixation is one method that may 
mitigate the limitation of the clinician or patient’s 
strength.7–10 External fixation has been accomplished 
through various means clinically such as using gait belts, 
bracing against tables or walls, and using custom-built 
frames and devices. 
One common HHD assessment includes knee flexion 

torque production. This measure may have utility in de-
termining inter-limb deficits and comparing to normative 
data and also may allow a clinician to monitor progress 
throughout rehabilitation, determine effectiveness of inter-
ventions, and inform return-to-sport decision making.11,12 

It should be acknowledged that this measure may not be 
directly used to infer (re)injury risk or sport performance. 
Prior literature has included a variety of methods with a 
HHD to obtain this measure.3,7,13–20 These studies collec-
tively include a variety of patient positions, joint angles, 
and stabilization methods. It is important to note that knee 
flexion torque may vary depending on test position with 
potentially more torque producing capacity in longer mus-
cle lengths (hip flexion and knee extension) possibly due to 
a muscle’s length-tension relationship.21,22 One should be 
cognizant of the testing positions and methods as it may be 
relevant when interpreting tests or comparing to previously 
reported data. 
It is important to understand which clinically feasible 

positions and methods yield reliable measures as this gives 
insight to the force producing capacity of a muscle to aid 
in clinical decision making. In the clinical environment, it 
is also important to be efficient during testing as a mea-
sure of knee flexion torque represents only a portion of typ-
ical testing batteries. If reliable measures can be efficiently 
obtained during assessment of one physical quality, then 
this allows for more time to ensure appropriate and reli-
able measurement of other qualities, as well as provide the 

patient education on the interpretation of the results and 
possible interventions based on those results. It should be 
noted that many prior studies that support using belt fix-
ation over clinician stabilization have been completed for 
the assessment of relatively strong and large muscle groups 
such as the knee and hip extensors.7–10 The knee flexors 
are typically capable of much less force production than 
the knee extensors, which is supported by a recent review 
including nearly 14,000 participants.22 Due to this, using 
clinician-stabilization when testing the knee flexors may be 
less susceptible to unacceptable reliability compared to the 
knee extensors. Therefore, the purpose of this study was 
to determine inter and intra-rater reliability of two clini-
cally efficient methods of assessing isometric knee flexion 
torque using a HHD with clinician-stabilization. The hy-
pothesis was that each method would yield good to excel-
lent inter (between testers, within session) and intra-rater 
(within each tester, across sessions) reliability. 

METHODS 
SUBJECTS 

Participants were recruited in this cross-sectional study as 
a convenience sample via an organizational email and word 
of mouth. Participants were assessed on two separate days 
(average seven days between sessions). Testing sessions 
were attempted to be completed as close as possible to the 
same time of day to account for potential circadian vari-
ation.23 Exclusion criteria included prior history of hip or 
knee injury requiring medical intervention and participants 
who were unable to understand testing procedures or pro-
vide consent. This study was approved by the Lawrence 
Memorial Hospital Institutional Review Board and partic-
ipants were provided written informed consent and given 
the opportunity to ask any study-related questions prior to 
participating. 

PROCEDURES 

Participants began each session with a self-selected three 
to five minute warm up on a stationary bike, elliptical, or 
treadmill. Moment arm length was measured as the dis-
tance between the center of the lateral femoral condyle and 
the most lateral point of the lateral malleolus in the seated 
position using a standard measuring tape. This distance 
represents the knee joint axis of rotation24 and the point of 
force application for use in calculating torque. Dynamom-
etry testing was completed in two positions, by two exam-
iners, on both the dominant and non-dominant limb. Limb 
dominance was determined by asking “which leg would you 
prefer to kick a ball with?” The order of the tester, limb, 
and position were randomized on the first day and the same 
order was repeated for the second session. Figure 1 dis-
plays the process of testing among position, limb, and ex-
aminer. Each examiner was blinded to the results of the 
other examiner. The testing positions included 1) seated at 
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Figure 1. Testing procedure order.    
The order of the examiner, position, and limb was randomized on the first session and repeated on the second session for each participant. 

the edge of a table with the hips and knees flexed to 90° 
with hands gripping the sides of the table for stabilization 
with the examiner holding the dynamometer between the 
leg of the table and leg of the participant (posterior to the 
lateral malleolus) and 2) lying prone on the table with the 
hip at 0° and knee at 90° with hands gripping the table for 
stabilization while the examiner assumed a stride stance 
position with elbows locked in extension and hands over-
lapping (Figure 2). This position was chosen based on the 
experience of the examiners as it was believed to afford 
adequate stability for the test. The dynamometer used for 
testing was a Hoggan MicroFET2® HHD (Hoggan Health In-
dustries, Salt Lake City UT, USA). This device has previously 
demonstrated good to excellent inter and intra-rater reli-
ability, as well as concurrent validity compared to a fixed 
dynamometer for a knee flexion torque test.15 “Make” tests 
were utilized meaning that the participant volitionally pro-
duced as much force as possible during each test. Prior to 
testing trials for each session, one to three submaximal tri-
als were completed for familiarization. Following this, three 
maximal effort trials were completed. The participant was 
instructed to gradually increase force during the first sec-
ond of a three to five second max effort push into the dy-
namometer. Vigorous verbal encouragement was provided 
by the examiner to help ensure that maximal effort was 
achieved. Approximately 10 seconds rest was given between 
contractions as the examiner recorded the data, and two to 
three minutes rest was given between examiners. If an indi-
vidual tester noted a trial to be greater than ~20% different 
from the other two trials for that same session and tester, 
then an additional 30 second rest was given, and another 
trial was completed. 

STATISTICAL ANALYSIS 

Participant demographics were reported using descriptive 
statistics. Peak force (N) was recorded from each trial and 
converted to torque using the shank length. The average 
peak force of the three maximal attempts from each limb, 
position, and examiner was used for analysis. The intraclass 
correlation coefficient (ICC) and 95% confidence intervals 
were calculated in SPSS v.26 (IBM, Armonk, NY) to de-
termine inter and intra-rater reliability. ICC values were 
classified as poor (<0.50), moderate (0.5-0.75), good 
(0.75-0.90), and excellent (>0.90).25 An a-priori alpha of 
0.05 was used for statistical analysis. The standard error 
of measurement (SEM) was calculated using the equation 
SD * √(1-ICC).26 The minimal detectable change (MDC) was 
calculated as 1.96*√(2)*SEM.26 MDC was also reported as a 
percentage. 

RESULTS 
INTER-RATER RELIABILITY 

Twenty healthy recreationally active individuals partici-
pated in this study (Table 1). Inter-rater reliability (between 
testers, within session) was good to excellent for both the 
seated and prone positions for both the dominant and non-
dominant limbs. MDC ranged from 30-45% for the seated 
position and 21-40% for the prone position (Table 2). 

INTRA-RATER RELIABILITY 

Intra-rater reliability (within each tester, across sessions) 
was good for the seated position and excellent for the prone 
position for examiner 1, while it was good to excellent for 
both positions for examiner 2. MDC ranged from 43-62% 
for the seated position and 23-34% for the prone position 
(Table 3). 

DISCUSSION 

The purpose of this investigation was to determine inter 
and intra-rater reliability of isometric knee flexion torque 
production during two clinically efficient and pragmatic 
testing methods. The hypothesis that good to excellent in-
ter-rater reliability (between testers, within session) and 
intra-rater reliability (within each tester, across sessions) 
would be found for both methods was supported. 
These findings for inter-rater reliability are consistent 

with previous reports. Others that have investigated HHD 
assessment of knee flexion in a seated position (90° hip 
flexion, 90° knee flexion) have reported good to excellent 
ICC values for inter-rater reliability ranging from 0.82 – 
0.99.15–17 Specifically, Mentiplay et al. used perhaps the 
most comparable seated method to this study (90° hip flex-
ion, 90° knee flexion, with clinician-stabilization) and re-
ported ICC values of 0.82-0.92.15 Others that used a seated 
position (90° hip flexion, 90° knee flexion, with external 
fixation) reported ICC values of 0.93-0.9716 and 0.99.17 In 
the prone position, prior work has investigated various de-
grees of hip and knee flexion with all included angles yield-
ing good ICC values from 0.82 – 0.87.7,19,20 None of these 
prior studies assessed in prone position used in this inves-
tigation (0° hip flexion, 90° knee flexion). The most compa-
rable to the prone position in this study possibly was van 
der Made et al. (0° hip flexion, 15° knee flexion, with clini-
cian-stabilization) who reported ICC values of 0.80-0.84.19 

Other studies utilizing a prone method reported ICC values 
of 0.84 (0° hip flexion, 0° knee flexion, with external fixa-
tion),7 0.82 (0° hip flexion, 15° knee flexion, with external 
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Figure 2. Testing methods.   
A) The participant is seated at the edge of a table with the hip and knee flexed to 90 degrees and hands gripping the sides of the table while the clinician stabilizes the dynamometer 
between the participant’s leg and table. B) The participant is prone with the hip at 0 degrees and knee at 90 degrees and hands gripping the sides of the table while the clinician as-
sumes a stride stance with elbows locked in extension to stabilize the dynamometer on the participant’s leg. 

Table 1. Participant demographics   

 Mean ± StD 

Age (yrs) 30.4 ± 8.9 

Height (cm) 173.2 ± 14.4 

Weight (kg) 77.5 ± 17.7 

Sex (male/female) 11/9 

cm=centimeters, kg=kilograms, StD=standard deviation, yrs=years 

fixation),19 and 0.87 (45° hip flexion, 30° knee flexion, with 
external fixation).20 

Regarding intra-rater reliability, prior literature has been 
highly variable in the seated position with poor – excellent 
ICC values ranging from 0.49 – 0.98.13–15,17,18 As noted 
above, Mentiplay et al. had the most comparable seated 
method to this study and reported intra-rater ICC values 
of 0.89-0.96.15 Others that assessed the seated position at 
these same joint angles with external fixation reported ICC 
values of 0.77,13 0.62-0.66,14 0.98,17 and 0.49.18 The au-
thors are not aware of a prior study reporting intra-rater re-
liability for the prone position at 0° hip flexion, 90° knee 
flexion. In the prone position (45° hip flexion, 30° knee 
flexion), Wollin et al.20 reported a good intra-rater ICC 
value of 0.86. 

CLINICAL UTILITY 

The importance of the findings in this study may be high-
lighted in that both testing approaches did not involve ad-
ditional devices or set-up time due to external fixators or 

other equipment. Indeed, the inter and intra-rater reliabil-
ity was shown to be generally high for both methods de-
spite not utilizing external fixation for the dynamometer or 
participant and similar to values previously reported using 
fixed HHD for knee flexion torque.7,13,16,17,19,20 It may be 
argued that the seated position in this study offers a form 
of external fixation (the table) and therefore no longer is 
entirely clinician-stabilized by definition. The use of the 
table leg does add a novel aspect to this assessment while 
maintaining clinical pragmatism and offers another seated 
method available to the clinician in addition to the seated 
methods from prior studies further described above.13–18 

Further, one should not interpret this study as a compar-
ison of clinician-stabilization to external fixation, only as 
an investigation of reliability of two clinically efficient and 
pragmatic assessment methods. Most prior studies do not 
directly compare clinician stabilization to external fixation 
for knee flexion specifically, so it may not be directly con-
cluded if the stabilization condition influenced reliability 
for this specific joint assessment. In one study that did 
compare belt stabilization of the dynamometer to clinician 
stabilization in the prone position (0° hip flexion, 15° knee 
flexion), the ICC values for inter-rater reliability were 0.82 
and 0.84 respectively, suggesting that the belt stabilization 
did not influence reliability for that specific method of as-
sessment.19 Further, utilizing external or belt stabilization 
does not necessarily mean that good or excellent reliability 
will be achieved. For example, Martins et al.14 reported only 
moderate reliability (ICC: 0.62 - 0.66) and Toonstra et al.18 

reported poor reliability (ICC: 0.49) despite utilizing ex-
ternal fixation methods of the dynamometer when assess-
ing knee flexion torque. Additionally, both van der Made et 
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Table 2. Torque and inter-rater reliability for each limb, position, and testing session            

  Rater 1 Rater 2 Inter-rater reliability 

  Mean ± StD (Nm) Mean ± StD (Nm) ICC (95% CI) SEM (Nm) SEM (%) MDC (Nm) MDC (%) 

Visit 1 

Seated ND 65.0 ± 37.7 66.5 ± 33.3 0.92 (0.75,0.97) 9.8 15 27.3 41 

Seated D 77.2 ± 34.0 73.8 ± 30.2 0.93 (0.78,0.98) 8.3 11 23.1 31 

Prone ND 56.4 ± 22.7 63.9 ± 22.9 0.96 (0.87,0.99) 4.7 8 12.9 21 

Prone D 53.1 ± 18.4 69.0 ± 22.6 0.84 (0.51,0.95) 8.8 14 24.3 40 

  

Visit 2 

Seated ND 78.7 ± 36.5 70.1 ± 32.4 0.88 (0.62,0.96) 12.0 16 33.2 45 

Seated D 85.3 ± 35.6 80.3 ± 39.0 0.94 (0.82,0.98) 8.8 11 24.5 30 

Prone ND 59.1 ± 20.0 70.3 ± 26.3 0.94 (0.82,0.98) 5.7 9 15.9 25 

Prone D 57.0 ± 17.6 73.1 ± 24.2 0.88 (0.62,0.96) 7.9 12 21.8 34 

CI=Confidence Interval, D=dominant, ICC=intraclass correlation coefficient, MDC=minimum detectable change, ND=non-dominant, Nm=Newton meters, SEM=standard error of the mean, StD=standard deviation 

Table 3. Intra-rater reliability for each limb, position, and rater         

 Intra-rater reliability (Rater 1)  Intra-rater reliability (Rater 2) 

 ICC (95% CI) SEM (Nm) SEM (%) MDC (Nm) MDC (%)  ICC (95% CI) SEM (Nm) SEM (%) MDC (Nm) MDC (%) 

Seated ND 0.89 (0.69,0.96) 12.5 17 34.6 48 0.90 (0.75,0.96) 10.6 16 29.4 43 

Seated D 0.82 (0.53,0.94) 14.8 18 40.9 50 0.77 (0.48,0.91) 17.3 22 47.9 62 

Prone ND 0.94 (0.82,0.98) 5.2 9 14.4 25 0.90 (0.76,0.96) 8.2 12 22.7 34 

Prone D 0.94 (0.82,0.98) 4.6 8 12.6 23  0.89 (0.73,0.96) 8.4 12 23.2 33 

CI=Confidence Interval, D=dominant, ICC=intraclass correlation coefficient, MDC=minimum detectable change, ND=non-dominant, Nm=Newton meters, SEM=standard error of the mean 
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al.19 and Mentiplay et al.15 showed good to excellent re-
liability for knee flexion torque assessment without a belt 
or external stabilization method. This may suggest that 
other aspects of the assessment method influence reliabil-
ity, which may include but is not limited to the actual de-
vice used for stabilization, the dynamometer, the patient 
positioning, clinician positioning, characteristics of the 
clinician (i.e. sex, weight, strength), the instructions given, 
and both the patient and clinician’s familiarity with the 
assessment method. It should be made clear that this as-
sumption of the lack of influence of external stabilization is 
only being suggested for isometric knee flexion torque as-
sessment. Reliability of assessment of other joints and ac-
tions that are expected to produce greater torque such as 
knee extension and hip extension has been shown to gener-
ally be higher with an external stabilization method versus 
clinician stabilization.8–10,27 This is intuitive as a clinician 
would reasonably have more difficulty providing adequate 
stabilization against larger torque values. 
Some clinicians may suggest that the extra time taken 

for HHD and patient fixation is a deterrent to obtaining the 
objective measurement. This deterring factor is mitigated 
with the methods of testing in this study, while still offering 
an acceptable form of stabilization. In the seated position, 
the participant’s own body weight stabilized the table pro-
viding for an immovable table leg to push the dynamometer 
against so that examiner strength is not a limiting factor. In 
the prone position, although the HHD is not fixated against 
an immovable object since it is held in place entirely by 
the examiner, the position assumed by the examiner (stride 
standing with elbows in full extension [Figure 2]) allowed 
for rigid enough stabilization to yield good to excellent reli-
ability. Further, the participants were instructed to hold the 
table with both hands during each method to further pro-
vide some level of patient stabilization and limit compen-
satory mechanisms. It must be noted that sex, strength, and 
weight of the examiner and the patient could still be rea-
sonably expected to influence reliability.5–7 Wikholm and 
Bohannon6 suggested reliability is more likely to be influ-
enced by tester strength when participant force generation 
is greater than 120 Newtons. Below that value, reliability 
was not influenced by the strength of the tester. It is logical 
that this threshold may be variable among positions, joints, 
and actions assessed. It may be notable that both examiners 
in this investigation were males weighing >200 pounds that 
regularly participate in resistance training, which may have 
contributed to the observation of good to excellent relia-
bility.5–7 Nonetheless, this study does provide options for 
clinically efficient and feasible methods of assessing knee 
flexion torque production. 
One important observation in this investigation is the 

MDC values. MDCs include higher ranges for the seated po-
sition with values as high as 45% and 62% for inter and in-
tra-rater reliability respectively. This is higher than inter-
rater MDCs previously reported up to 25 - 29%,15,16 while 
previously reported intra-rater MDCs have been highly 
variable with the largest values ranging from 24 – 
61%.14,15,18 This represents a potential limitation of utiliz-
ing this testing method despite the good to excellent relia-

bility. These high MDC values suggest that a reassessment 
would need to yield a relatively large change from the ini-
tial assessment for the clinician to be confident that a real 
change in knee flexion torque production capacity has oc-
curred. If a change does not exceed this large MDC, then 
the clinician may just be observing expected variations in 
force output for the method of testing. This indicates a po-
tential supporting element for testing in the prone position 
as MDC values were as low as 30% and 23% for inter and 
intra-rater reliability respectively. This is more compara-
ble to prior studies which report inter-rater MDCs ranging 
from 13-25%7,19,20 and an intra-rater MDC of 14%.20 The 
reason for the lower MDCs in the prone position may be 
mathematically due to lower standard deviations relative to 
the mean recorded with that method. The examiners sub-
jectively noted that some participants in the seated posi-
tion directed their line of force straight posterior into the 
dynamometer, while some appeared to direct their force 
in a slightly more superior oriented vector. This may have 
been due to the possibility of a slight compensation of 
concurrent hip flexion by the participants. Despite the dy-
namometer being held against an immovable table leg, the 
back of the dynamometer was a rounded surface that oc-
casionally tended to slightly tilt against the flat leg of the 
table. This may have resulted in a relative decrease in the 
amount of force directed perpendicular to the dynamome-
ter since their force vector was oriented slightly superior. 
As participants had varying degrees of force vector orien-
tation, this may partially explain the larger relative stan-
dard deviations observed in the seated position and subse-
quently SEM and MDC calculations. If choosing to assess 
with the seated method utilized in this study, one should 
be cognizant to maintain the dynamometer directly per-
pendicular to the force vector produced by the patient. The 
clinician may improve this assessment by ensuring both 
hands firmly grasp both sides of the dynamometer and uti-
lize adequate practice trials to ensure the participant is not 
adopting a compensatory hip flexion strategy. 
The overall results of this study suggest that either of the 

clinically applicable assessment methods utilized in this 
study may be used to obtain a reliable measure of knee 
flexion torque production. The prone method may offer 
an advantage in that the MDC values are lower, indicating 
that this method may be more sensitive to detecting a true 
change when reassessing throughout the course of reha-
bilitation. Both methods provide the advantage of clinical 
efficiency as the only equipment required are a table and 
HHD, with no additional time and attention devoted to fix-
ating the HHD or patient with external devices. When time 
and equipment restraints do not present as limitations, the 
authors still suggest utilizing any methods of patient and 
dynamometer fixation available that affords the most rigid 
and repeatable set up. This should especially be done if the 
clinician does not feel confident in their ability to stabi-
lize the dynamometer, or the patient demonstrates com-
pensations. Future research should identify clinically effi-
cient and pragmatic reliable torque assessments for various 
joint angles and actions. 
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LIMITATIONS 

There are several limitations of this investigation that 
should be acknowledged. First, there was no formal power 
analysis completed prior to commencement of the study 
which may have influenced the statistical results. Partici-
pants may not have achieved true maximal force produc-
tion on all repetitions as an approximate 10 second break 
between trials may arguably have been inadequate. How-
ever, this testing protocol was chosen as it represents prag-
matic testing during actual patient care when time may 
be a limiting factor. Additionally, the limb tested was al-
ternated between positions to mitigate this and the exam-
iners anecdotally did not observe any consistent decrease 
in performance between trials. Regarding familiarization, 
there was not a true familiarization protocol in which the 
testing procedures were completed without data collection 
on a separate day. However, the same process of submax-
imal familiarization trials were used for each testing ses-
sion for consistency. Both examiners were males weighing 
>200 pounds that regularly participate in resistance train-
ing, therefore these results may not generalize to clinician 
populations not sharing these characteristics. Further, the 
participants were all healthy individuals with no history of 
significant knee or hip injuries, and results in an injured 
population may differ. Finally, the observed results are spe-
cific to the particular methods of testing in this study, and 

should not be assumed to generalize across other testers, 
body positions, joint angles, etc. 

CONCLUSION 

The results of this study support that both the seated and 
prone positions with clinician stabilization may be utilized 
as a reliable means of determining knee flexion torque. The 
prone position yielded lower MDC values suggesting that 
it may be more sensitive in detecting actual change across 
multiple assessments. While it is suggested to use the most 
rigid and repeatable methods of stabilization available that 
time and equipment affords, the clinician stabilized meth-
ods utilized in this study offer a clinically efficient means of 
assessing knee flexion torque in a pragmatic clinical envi-
ronment. 
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Background  
Significant increases in injuries were observed in the 2020 Major League Baseball (MLB) 
season; these were attributed to an increased acute to chronic workload due to the 
interrupted preseason and compressed season during the coronavirus disease of 2019 
(COVID-19) pandemic. In 2021, the MLB resumed its regular schedule. 

Hypothesis/Purpose  
The purpose of this study was to determine the injury incidence and epidemiology of the 
2021 MLB season compared to the injury incidence in the 2020 season and pre-COVID-19 
seasons. The hypothesis was that, with the return to normal preseason training, injury 
incidence in 2021 would return to pre-COVID-19 rates. Additionally, it was hypothesized 
that injury list (IL) placements at midseason 2021 would be decreased relative to 2020 
due to the uninterrupted preseason yet increased at full season 2021 due to increased 
overall workload from 2020. 

Study Design   
Descriptive epidemiology study 

Methods  
The MLB transactions database was searched for players placed on the IL between 2018 
and 2021. Injuries were categorized by body part and player position. Incidence per 1000 
athlete-exposures was calculated for the pre-COVID-19 (2018-2019), 2020, and 2021 
seasons. The z test for proportions was used to determine significant differences between 
injury incidences. 

Results  
The injury incidence rate by midseason 2021 (9.32) compared to 2020 (8.66) was not 
significantly different (p=0.234). At full season 2021, injury incidence rate (8.69) was 
significantly higher than pre-COVID-19 seasons (5.13, p<0.001), but not 2020 (p=0.952). 
When comparing full season 2021 to 2020, increased foot/ankle (0.50 vs 0.14, 
respectively, p<0.001) and miscellaneous (1.92 vs 0.68, respectively, p<0.001) injuries 
were observed. 

Corresponding author: 
Breanna Sullivan, BA 
Department of Orthopaedic Surgery and Sports Medicine, 
University of Kentucky, Lexington, KY, USA 
bsullvn2@uic.edu 
Cell: 773-766-7728 

a 

Platt BN, Sullivan BM, Dripchak S, et al. A Plague of Their Own: Injury Incidence
Remains Elevated in the 2021 Major League Baseball Season Compared to Pre-
COVID-19 Seasons. IJSPT. Published online October 1, 2022:1104-1112.

https://orcid.org/0000-0002-5733-0487
https://doi.org/10.26603/001c.38479
mailto:bsullvn2@uic.edu


Conclusion  
The overall injury incidence in 2021 was significantly higher than pre-COVID-19 seasons, 
and no significant difference was observed between both mid- and full season 2021 and 
2020, refuting the hypotheses. This signifies that injury incidence remained elevated in 
the 2021 season despite resumption of preseason training and a regular season. 

Level of Evidence    
3 

INTRODUCTION 

The 2020 Major League Baseball (MLB) season was restruc-
tured due to the coronavirus disease 2019 (COVID-19) pan-
demic. Spring training was interrupted, and when play re-
sumed, the season was shortened from 162 to 60 games.1,2 

With an extended layoff between March and July and a 
shortened preseason, players had a substantially altered 
training schedule before beginning the regular season. The 
MLB resumed its normal schedule for the 2021 season, 
which ran from April 1st through October 3rd, and consisted 
of 162 games.3 Though MLB injuries are commonly front-
loaded in the season, with high injury rates in April and 
May,4–6 there was an unprecedented number of injuries ob-
served in the first half of the 2021 season with a rate/1000 
exposures of 9.32. Platt et al. showed increased injury list 
(IL) placements during the 2020 season in both pitchers and 
position players.7 These injuries were likely attributable to 
a high acute to chronic workload ratio (ACWR) caused by a 
shortened preseason and a compressed game schedule.7 A 
high ACWR increases player injury risk.8 More double head-
ers in the 2020 season (45 seven-inning double-headers in 
an abbreviated season compared to 34 nine-inning double-
headers in the full-season prior9,10) further increased play-
ers’ acute workloads and is proposed to have contributed to 
the increased injury incidence observed,7 despite measures 
aimed at decreasing load placed on individual players, such 
as expanded rosters, taxi-squad availability, and a runner 
starting on second in extra-innings.11 Similar increases in 
injury incidence in 2020 following interruptions of play 
were observed in the National Football League (NFL)12,13 

and an elite German soccer league,14 indicating that time 
away from formal training and competition due to 
COVID-19 has also affected injury rates in athletes of other 
professional sports. Baseball, in particular, does have other 
potential causes of the injury increase, namely a stylistic 
change to maximum effort,15 which is reflected in the in-
crease in average fastball velocity16 and fewer average in-
nings per start.15 

With a substantial increase in games from the 2020 MLB 
season, it is possible that injury rates in 2021 would be 
higher than those in 2020 and may have continued to rise as 
volume accumulated. However, it is unknown whether the 
return to a traditional preseason timeline in 2021 success-
fully decreased injury incidence relative to 2020. The pur-
pose of this study was to determine the injury incidence 
and epidemiology of the 2021 MLB season compared to 
the injury incidence in the 2020 season and pre-COVID-19 
seasons. It was hypothesized that injury incidence in 2021 
would return to pre-COVID-19 rates due to the return to 

normal preseason training. Additionally, it was hypothe-
sized that IL placements in 2021 at midseason would be de-
creased relative to 2020 due to the uninterrupted preseason 
schedule yet increased in the second half of the season due 
to increased overall workload from 2020. 

METHODS 

Data from the 2018-2021 MLB transaction reports were ex-
tracted from mlb.com/transactions.17 All injuries that re-
sulted in a player being placed on the injured list (IL) were 
collected for analysis. Players are placed on the IL for 10 
to 60 days after a physician’s determination that they are 
unable to play.18 In the 2020 season, the longer term on 
the IL was decreased to 45 days, and the shorter term was 
decreased from 15 to 10 days for pitchers.18 Multiple in-
juries that occurred in the same season at the same time 
were accounted for individually. From the database, pub-
licly accessible information was collected, such as player 
name, date of IL placement, position, and body part in-
jured. Specific type of injury beyond anatomical location 
of injury was not analyzed as the public database was lim-
ited on further injury details. Each injury was then cate-
gorized into the anatomic areas of upper extremity, lower 
extremity, spine/core, and other injuries. The “other” cat-
egory consisted primarily of head injuries, medical reasons 
(upper respiratory infection, viruses including COVID-19, 
GI illnesses) for being unable to play, and unreported rea-
sons for IL placement. Positions were sorted into pitchers 
and position players. Position players included all positions 
other than pitchers. 

Utilizing fangraphs.com,19 the number of games played 
by each injured player four weeks and one week prior to 
placement on the IL was collected. The ratio between the 
game count of one week and four weeks was calculated 
as a measure of ACWR. A one-week training load is gen-
erally considered acute, while the average of the training 
load over four to six weeks is representative of chronic 
loads.20 Though pitch counts per game have been the pri-
mary variable collected to measure ACWR in baseball,20,21 

game count was used in this study in order to employ a 
measurement that applies to both pitchers and position 
players, thus allowing for estimates of workload to be cal-
culated amongst all players. ACWR at the time of injury was 
compared to the average ACWR for pitchers and position 
players overall in 2021. The overall ACWR was calculated 
for both pitchers and position players as a moving average 
in each week of the season. From this, a grand mean was 
calculated, which was compared to ACWR at time of injury 
with a t-test. 
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Injury incidence per 1000 player exposures was calcu-
lated using the same method described by Posner et al.6 

One player exposure was defined as one game per athlete. 
Therefore, for the pre-COVID-19 cohort (2018 and 2019 
seasons), total exposures were calculated using a 162-game 
season, 25-man active roster (of the 40-man potential 
player pool),18 and 30 teams in the MLB equating to 
121,500 player exposures per year. Incidence rate for the 
pre-COVID-19 cohort was calculated using the cumulative 
number of injuries and exposures in both years. For 2020, 
player exposures were calculated using the 60-game sea-
son, 30-man roster for the first two weeks, 28-man roster 
for the second two weeks, and a 26-man roster for the 
remainder of the season (expanded in 2020 to include a 
60-man potential player pool),22,23 and 30 teams in the 
MLB resulting in 48,960 player exposures. In the 2021 sea-
son, roster sizes were consistently 26 players. By the all-
star break, the number of total games played by each team 
multiplied by the active roster size of 26 equaled 70,044 ex-
posures. At the end of the regular season, with 162 games 
played by each team, total exposures in 2021 equaled 
126,360. Because the IL is not used during the post-season, 
injuries past the regular season were excluded. 

Incidence of injury was evaluated overall and for each 
anatomical zone. Subgroup analysis was performed to de-
termine incidence of injury for pitchers and position play-
ers separately. Anatomic zones were then further subdi-
vided to calculate incidence of injury for each specific body 
part. Incidence rate ratio (IRR) was calculated by dividing 
incidence in the 2021 group by incidence in the 2020 group 
and pre-COVID-19 group. Finally, the proportion of injuries 
occurring in each anatomical zone was analyzed overall and 
in the subgroups of pitchers and position players. 

Differences in incidence for the overall group, as well as 
each subgroup, were statistically analyzed using the z-test 
for proportions, which is an ideal test to measure the sta-
tistical significance of the rate of IL placement for this de-
scriptive study. R software version 4.0.2 (R Foundation for 
Statistical Computing, Vienna, Austria)24 was used for data 
analysis. Statistical significance was set at p ≤ 0.05. 

RESULTS 
TOTAL INJURIES 

In the pre-COVID-19 seasons, there were 1246 injuries 
recorded on the IL. In 2020, there were 424 injuries 
recorded on the IL. By the end of season in 2021, 1098 in-
juries resulted in IL placement, and of those injuries, 653 
were recorded by the all-star break (mid-season). Pitch-
ers accounted for 55.0% (685/1246) of the injuries pre-
COVID-19 and 56.8% (241/424) in 2020, compared to 50.7% 
(331/653) in 2021 by midseason and 52.6% (578/1098) by 
the end of the 2021 regular season. 

2021 SEASON VERSUS PRE-COVID-19 SEASONS 

The overall incidence rate per 1000 athlete exposures con-
tinued to be elevated in 2021 compared to pre-COVID-19 
rates (5.13), both at midseason (9.32) and full season (IRR= 

1.69, 8.69, p<0.001; Table 1). IL listing increases were pre-
sent in all categories, including total, upper extremity, 
lower extremity, spine and core, and “other” categories 
(p<=0.015, Table 1). Significant increases in pitcher IL list-
ings were seen in all categories except spine/core by mid-
season 2021 compared to pre-COVID-19 (p<=0.020) and all 
categories except lower extremity and spine/core for the 
full 2021 season (p<=0.002, Table 1). Increases were seen in 
all categories in the position player cohort at both midsea-
son 2021 (p<=0.002) and full-season 2021 (p<=0.015, Table 
1). 

A breakdown of specific injury locations showed in-
creases by full-season 2021 compared to pre-COVID-19 in 
each of the following: foot/ankle, hamstring, groin, spine/
core, hand/wrist, elbow/forearm, shoulder/chest, and mis-
cellaneous (p<= 0.016, Table 2). The lone decrease in in-
cidence in 2021 compared to pre-COVID-19 was observed 
in the “other upper extremity” category (IRR 0.23, p<0.001, 
Table 2). 

2021 MID-SEASON VERSUS 2020 SEASON 

The overall incidence rate per 1000 athlete exposures by 
midseason 2021 (9.32) compared to 2020 (8.66) was not 
significantly different (IRR=1.08, p=0.234). Differences be-
tween 2020 and midseason 2021 included a significant in-
crease in lower extremity injuries overall (IRR 1.38, 
p<0.001). Pitchers experienced fewer IL placements due to 
spine/core injuries by midseason 2021 (IRR 0.62, p=0.029) 
and increased placements in the “other” category (IRR 1.66, 
p=0.024). Furthermore, position players experienced more 
IL listings overall by midseason 2021 compared to 2020 
(IRR 1.23, p=0.024). 

Increases were further found between midseason 2021 
and 2020 in the foot/ankle, hamstring, and miscellaneous 
categories (p<=0.013). It is important to note that the mis-
cellaneous category contained 243 injuries in 2021, of 
which 242 (99.6%) were listed as miscellaneous due to lack 
of reporting of the specific injury. Decreases, however, were 
seen in midseason 2021 compared to 2020 in the other up-
per extremity and infection categories (p<0.001). Infection 
listing returned to their pre-pandemic levels. 

2021 FULL SEASON VERSUS 2020 SEASON 

The overall incidence rate per 1000 athlete exposures in full 
season 2021 (8.67) compared to 2020 (8.66) was not signif-
icantly different (IRR= 1.00, p=0.952, Table 1). The over-
all injury incidence in pitchers (9.15, p=0.337) and posi-
tion players (8.20, p=0.263, Table 1) in full season 2021 was 
not significantly different from that of 2020. Pitchers in full 
season 2021 experienced fewer upper extremity (IRR=0.74, 
p<0.001) and spine/core injuries (IRR=0.63, p=0.016) com-
pared to 2020, but experienced an increase in “other” in-
juries (IRR=1.86, p=0.002, Table 1). Position players in full 
season 2021 also experienced an increase in “other” injuries 
(IRR=1.82, p=0.002, Table 1) compared to 2020. 

Significant increases in foot/ankle (IRR= 3.56 p<0.001, 
Table 2) and miscellaneous injuries (IRR=2.83, p<0.001, 
Table 2) were observed in full season 2021 versus 2020, 
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Table 1. Incidence comparison 2021 vs pre-COVID-19 and 2021 vs 2020 overall, pitchers, and position players               

Cohort Pre-
COVID-19 

2020 2021 IRR 2021 vs. pre-
COVID-19 (95% CI) 

p-value IRR 2021 vs. 
2020 (95% CI) 

p-value 

Overall 

Total 5.13 8.66 8.69 1.69(1.56-1.84) <0.001 1.00 (0.90-1.12) 0.952 

Upper 
extremity 

1.53 3.80 3.02 1.37(1.20-1.56) <0.001 0.79 (0.67-0.95) 0.010 

Lower 
extremity 

1.63 1.98 2.33 1.40(1.20-1.62) <0.001 1.18 (0.94-1.48) 0.159 

Spine/
core 

0.88 1.47 1.21 1.30(1.05-1.61) 0.015 0.78 (0.58-1.03) 0.077 

Other 0.37 1.41 2.01 5.87(4.64-7.44) <0.001 1.56 (1.20-2.03) <0.001 

Pitchers 

Total 5.87 9.84 9.15 1.56(1.39-1.74) <0.001 0.93 (0.80-1.08) 0.337 

Upper 
extremity 

3.31 5.68 4.21 1.27(1.09-1.49) 0.002 0.74 (0.60-0.91) <0.001 

Lower 
extremity 

1.42 1.27 1.61 1.27 (0.99-1.64) 0.060 1.61 (0.85-1.90) 0.234 

Spine/
core 

1.10 1.76 1.11 1.12(0.83-1.51) 0.441 0.63 (0.43-0.92) 0.016 

Other 0.30 1.19 2.22 7.39(5.10-10.70) <0.001 1.86 (1.25-2.78) 0.002 

Position 
players 

Total 4.44 7.48 8.20 1.85 (1.65-2.09) 
 

<0.001 1.10 (0.93-1.30) 0.263 

Upper 
extremity 

1.19 1.92 1.82 1.37 (1.20-1.56) <0.001 0.95 (0.68-1.33) 0.757 

Lower 
extremity 

2.04 2.73 3.05 1.40 (1.20-1.62) <0.001 1.12 (0.85-1.48) 0.435 

Spine/
core 

0.77 1.19 1.17 1.30 (1.05-1.61) 0.015 0.98 (0.64-1.51) 0.960 

Other 0.44 1.63 2.18 5.87 (4.64-7.44) <0.001 1.82 (1.23-2.74) 0.002 

COVID-19=coronavirus disease 2019; IRR=Incidence rate ratio; CI= confidence interval. Bold font indicates statistically significant differences. 

while significant decreases were observed in other lower 
extremity (IRR=0.41, p=0.003), elbow/forearm (IRR=0.65, 
p=0.003), other upper extremity (IRR=0.12, p<0.001), and 
infection (IRR=0.07, p<0.001, Table 2). 

ACWR COMPARISON 

Position players at the time of injury had a significantly 
higher ACWR (1.17 +/- 0.76) than position players overall 
(0.98 +/- 0.41, p<0.001). Pitchers also had a significantly 
higher ACWR at the time of injury (1.34 +/- 0.76) compared 
to the ACWR of pitchers overall (0.99 +/- 0.31, p<0.001). 

DISCUSSION 
2021 SEASON VERSUS PRE-COVID-19 SEASONS 

The primary finding of this analysis is that the rate of place-
ment on the IL in the 2021 MLB season was significantly 
higher than that of pre-COVID-19 seasons. This disproves 
the hypothesis that the overall 2021 injury incidence would 
not significantly differ from that of pre-COVID-19 seasons 
due to the return to regular preseason training. Further-

more, while injuries remained high in 2021, they did not in-
crease as expected in the second half of the season suggest-
ing the increase in injuries was not due to the return to a 
162-game season from a 60-game season. 

Many authors have examined the injury incidence in 
professional sports during the 2020 season following the 
disruptions to training and regular play,7,12–14,25 but to the 
best of the current authors’ knowledge, there are no studies 
to date examining the long-term effects of the COVID-19 
layoffs on the subsequent season. This finding of increased 
injury incidence in 2021 may be surprising to the sports 
community at large; an expert opinion in regards to the ef-
fects of COVID-19 on professional soccer hypothesized that 
there would be no long-term effects on injury incidence af-
ter return to normal play because players would have the 
offseason to recover and regular preseason to train.26 This 
study’s findings may indicate that there were other unfore-
seen factors, such as accumulated load, locomotion activ-
ity and intensity, mood and sleep quality, previous fatigue 
and other situational factors,26 that may have influenced 
injury rates in 2021. The most notable of these factors is 
perhaps the massive increase in the accumulated load from 
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Table 2. Detailed injury breakdown by body part 2021 vs pre-COVID-19 and 2021 vs. 2020              

Body Part Pre-
COVID-19 

2020 2021 IRR 2021 vs. pre-
COVID-19 
(95% CI) 

p-value IRR 2021 vs. 
2020 (95% CI) 

p-value 

Foot/Ankle 0.32 0.14 0.50 
 

1.56 (1.12-2.17) 0.009 3.56 (1.62-7.83) <0.001 

Knee 0.3 0.33 0.42 1.40 (0.98-1.99) 0.063 1.27 (0.73-2.22) 0.379 

Hip 0.15 0.11 0.14 0.95 (0.54-1.67) 0.569 1.30 (0.49-3.39) 0.509 

Hamstring 0.44 0.61 0.82 1.87 (1.43-2.45) <0.001 1.35 (0.90-2.03) 0.153 

Groin 0.19 0.36 0.29 1.54 (1.00-2.37) <0.001 0.81 (0.46-1.43) 0.430 

Other Lower 
Extremity 

0.26 0.41 0.17 0.64 (0.39-1.05) 0.751 0.41 (0.22-0.75) 0.003 

Spine/core 0.88 1.47 1.14 1.30 (1.05-1.60) 0.016 0.78 (0.58-1.03) 0.077 

Head 0.21 0.18 0.23 1.09 (0.69-1.72) 0.704 1.28 (0.60-2.71) 0.562 

Hand/wrist 0.51 0.78 0.86 1.69 (1.31-2.19) <0.001 1.11 (0.76-1.60) 0.575 

Elbow/
forearm 

0.74 1.55 1.01 1.37 (1.09-1.72) 0.007 0.65 (0.49-0.87) 0.003 

Shoulder/
chest 

0.78 1.15 1.10 1.41 (1.13-1.76) 0.002 0.96 (0.70-1.30) 0.80 

Other upper 
extremity 

0.17 0.34 0.04 0.23 (0.09-0.59) <0.001 0.12 (0.04-0.32) <0.001 

Infection 0.05 0.55 0.04 0.79 (0.28-2.24) 0.674 0.07 (0.03-0.19) <0.001 

Miscellaneous 0.11 0.68 1.92 17.48 
(11.73-26.07) 

<0.001 2.83 (1.97-4.06) <0.001 

COVID-19=coronavirus disease 2019; IRR=Incidence rate ratio for total cohort; CI= confidence interval. Bold font indicates statistically significant differences. 

60 games in 2020 to 162 games in 2021. Since the COVID-19 
pandemic presents an unprecedented situation, its long-
term effects on injury risk in the MLB and professional 
sports at large should continue to be studied. 

2021 MID AND FULL SEASON VERSUS 2020 SEASON 

Comparing the first half of the 2021 season to the short-
ened 2020 season provides an interesting look at early sea-
son injury rates. There was no significant difference in 
overall injury incidence observed between the 2021 MLB 
midseason and 2020 season, indicating that injury inci-
dence remained high in the first half of the 2021 season. 
This finding contrasts with the expected decrease in early 
season injury incidence as training and offseason routines 
were reestablished in 2021. One potential explanation for 
this finding is that the 2021 season once again began in 
early spring, making for colder weather on average com-
pared to the July start in 2020. While primary literature 
supporting colder temperatures as a risk factor for soft tis-
sue injury are scarce,27 some physicians and physical thera-
pists anecdotally suggest this is the case.28,29 Additionally, 
offseason routines may not have been reestablished as as-
sumed. It is possible that players may not have returned to 
performing pre-COVID-19 offseason training; however, this 
factor is uncontrolled for in this study. Furthermore, no sig-
nificant difference was observed in overall injury incidence 
between full season 2021 and 2020. 

Increases in early season injury were also observed in 
the NFL 2020-2021 season following the suspended pre-

season due to COVID-19.13 The injury rate during weeks 
one to four of the regular season of 2020-2021 was signif-
icantly elevated compared to the injury rate of weeks one 
to four of the preseasons and regular seasons of 2016-2017, 
2018-2019 and 2019-2020.13 The authors hypothesized that 
this increase in injury was due to deconditioning, muscle 
weakness, and fatigue, further emphasizing the importance 
of the NFL training camp for preparing athletes for the de-
mands of regular season play.13 These findings parallel the 
increase in injuries observed in the 2020 MLB season due to 
the disrupted preseason training,7 but also underscore that 
the sustained high injury incidence in 2021 is unexpected 
since preseason training returned to normal. 

An important secondary finding is that the distribution 
of injuries changed while injury incidence remained high. 
Lower extremity IL placements overall were significantly 
increased in early 2021 over 2020. Foot/ankle and “other” 
lower extremity injuries were significantly increased in the 
full 2021 season compared to 2020. Position players also 
experienced a significant increase in overall IL stints com-
pared to 2020 values in early 2021. Infections played a sig-
nificantly lesser role in increasing IL placements compared 
to 2020. 

These previous findings make the increase in lower ex-
tremity injuries particularly notable in 2021. In 2020, over-
all injury incidence increased in all broad injury categories 
other than those listed as “lower extremity.”7 In early 2021, 
lower extremity injuries significantly increased over both 
2020 and pre-COVID-19 due to, primarily, significant in-
creases in foot/ankle injuries and hamstring injuries. In the 
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full 2021 season, lower extremity injuries significantly in-
creased compared to pre-COVID-19 but only in the lower 
extremity subcategories of foot/ankle and “other” com-
pared to 2020. Ankle, lower leg, and hamstring injuries 
have been shown in previous seasons to be highest in MLB 
players at the beginning of the season,5,30 consistent with 
the reported rates of other baseball injuries.6,7 This pattern 
suggests a potential influence of ACWR in affecting lower 
extremity injuries. 

ACWR has been identified as a significant risk factor 
for soft tissue injury in a variety of professional sports.8 

The rapid increase in workload necessitated by the inter-
rupted 2020 preseason was hypothesized to be the main 
cause for increases in IL listings during the 60-game sea-
son.7 In 2021, both pitchers and position players had a sig-
nificantly higher ACWR at time of injury than the average 
ACWR for the 2021 population. While both starting pitchers 
and relief pitchers were analyzed together, the ACWR cal-
culation remains valid as it is a proportion of current work 
to previous work, therefore suggesting that increases in fre-
quency of appearance in both starters and relievers was as-
sociated with IL placement. This finding is consistent with 
previous literature on the topic. A recent study of colle-
giate baseball players found that players with an ACWR less 
than or greater than 33% were 8.3 times more likely to ex-
perience a throwing injury to the upper or lower extrem-
ity in the next week, indicating that an ideal ACWR is be-
tween 0.67-1.33.31 This study also identified a significant 
relationship between ACWR and upper extremity injuries.31 

The mean ACWR for injured players in 2021 was shown to 
be significantly higher than the overall average ACWR for 
those in 2021, further supporting an elevated ACWR as a 
potential contributing factor to injury. 

The continued increase in IL listing rates and the in-
creases in lower extremity injuries despite the return to 
a normal preseason suggest the effects of deconditioning 
due to the 2020 layoff may be persisting longer than ex-
pected. One possible variable that may have contributed to 
the increased lower extremity injuries in 2021 is a delayed 
effect of alterations in both core strength and neuromus-
cular adaptation that began during the 2020 layoff. Core 
strength has been demonstrated to play a role in lower ex-
tremity injury prevention,32–35 and a lack of core strength 
and neuromuscular control leads to higher rates of lower 
extremity injury.33,35–38 In conjunction with this, posterior 
chain weakness may have also been a risk factor for the in-
crease in lower extremity injuries observed. The posterior 
chain refers to the posterior musculoskeletal system, in-
cluding the trunk, pelvis, hamstring and calf muscle com-
plexes.39 The hamstring complex is the most frequently 
affected muscle of injuries within the posterior chain.39 

Modifiable risk factors for posterior chain injury include: 
strength deficits, training overload, sprint performance and 
decreased range of motion.39 These risk factors suggest 
that, if deconditioning that began during the 2020 
COVID-19 layoff persisted in the 2021 season, strength 
deficits, particularly of the posterior chain, may have con-
tributed to the increase in lower extremity injuries ob-
served in the 2021 season. 

Taking all factors into account, it was surprising that 
lower extremity injuries did not significantly increase dur-
ing the 2020 season. It is possible that lower extremity in-
juries were not as prevalent in 2020 because lower extrem-
ity conditioning may have been easier to accomplish during 
lockdown. The lower body can more easily be trained with 
body weight exercises and without extra equipment, as op-
posed to upper body, baseball-specific training, such as 
pitching and batting.7 

Another difference between 2021 and 2020 was the sig-
nificant decrease in infection as a reason for IL placement. 
COVID-19 infection was responsible for a substantial por-
tion of IL placements in 2020.7 Notably, there were far 
fewer infectious causes for IL placement in 2021 compared 
to 2020. This finding supports the conclusion from the pre-
vious study7 that the increase in IL placements was largely 
not attributed to infection or exposure to COVID-19. 

LIMITATIONS 

As with all studies, this investigation has limitations. The 
IL is fundamentally a roster management tool. Therefore, 
using IL transactions is not a perfect secondary measure 
for injury. However, the continued increase in IL listings in 
2021 compared to 2020 suggests many of the roster man-
agement factors that were particular to 2020 did not sig-
nificantly influence the rate of IL placements. With the re-
instatement of the minor leagues in 2021,40 and a more 
standard workflow pertaining to MLB rosters, these results 
show that the spikes in 2020 and 2021 were not likely due 
to these roster idiosyncrasies of 2020. 

Additionally, the population of MLB players renders the 
results not generalizable to most athletes. Utilizing publicly 
accessible data also limits details available for each injury. 
In 2020 and 2021, many IL placements were made without 
a specific reason and are sorted as “miscellaneous,” which 
is part of the broader “other” category. It is possible the 
COVID-19 protocol is responsible for many of these place-
ments. Furthermore, only injuries that resulted in a place-
ment on the IL were accounted for; therefore, this study 
did not capture injuries that did not result in an IL listing. 
Such a limitation suggests an underestimation of true in-
jury incidence. In addition, in 2020 the 60-day injured list 
was reduced to 45 days.18 This time difference combined 
with the inadequate injury detail did not allow for an as-
sessment of differences in injury severity between 2020 and 
2021 and pre-COVID-19 seasons. Moreover, the epidemio-
logic nature of the study is not suited to propose a cause 
or explanation for the increase in IL placements. While hy-
potheses for potential causes are presented and supported, 
the current study is not designed to determine causation. 
Finally, utilizing games played to calculate ACWR is an im-
perfect measure since it does not account for differences in 
workload between different players per game. For example, 
a pitcher who throws multiple pitches per game may have a 
higher workload than a position player. Additionally, there 
are multiple intrinsic (e.g. rating of perceived exertion) and 
extrinsic (e.g. altitude and weather) factors that may con-
tribute to workload that were unable to be measured in this 
study. 
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CONCLUSION 

Incidence of placement on the IL increased significantly 
during the 2020 MLB season compared to pre-COVID-19 
and remained elevated in 2021. Rate of IL placements at-
tributed to every anatomic zone, including upper extremity, 
lower extremity, spine/core, and other injuries were signifi-
cantly increased over pre-COVID-19 rates in 2021. Both po-
sition players and pitchers who experienced IL placement 
had a significantly higher ACWR than the average ACWR for 
the 2021 population, suggesting that elevated ACWR may 
be a risk factor for injury. This analysis suggests the inter-
ruption in sport in 2020 may have significant injury risk ef-
fects that persist longer than anticipated. 
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Background  
Patellofemoral pain syndrome (PFPS) is one of the most common musculoskeletal 
complaints seen in outpatient settings. It has been suggested that hip adduction creates 
loads on the iliotibial band and causes lateral displacement of the patella (patellar tilt), 
which can lead to uneven patellofemoral joint loading, and hence, cause patellofemoral 
pain. In previous studies in the literature, ultrasound has been used to measure lateral 
patellar displacement. However, the method lacks validity data. 

Purpose/Hypothesis  
The aim of this study was to validate the use of ultrasound to measure lateral 
displacement of the patella, by comparing the position of the patella as measured first by 
ultrasound, and then by direct measurement. 

Study Design   
Descriptive Laboratory Study. 

Methods  
Nine soft-fixed cadavers were used in this study. The cadavers had been donated for 
anatomical examination and research under the Human Tissue Act (2004). The distance 
between the lateral femoral condyle and the lateral edge of the patella were measured by 
B-mode real-time ultrasound, and then by direct measurement, in two positions, neutral 
and at 20° hip adduction. 

Results  
The mean difference in the patella-to-lateral femoral condyle distance in the neutral 
position and at 20° adduction was 0.27 cm (ultrasound), and 0.34 cm (direct 
measurement), respectively. There were no significant differences between the 
measurements obtained by US and by direct measurement (Pearson correlation= 0.97, 
p=0.83). 

Conclusion  
Ultrasound is a valid and reliable method for measuring patellar position relative to the 
femoral condyle, and the validity data reported here suggest that it can be used with 
confidence in clinic to assess lateral patellar displacement. 

Level of Evidence    
3 
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INTRODUCTION 

The patellofemoral joint (PFJ) consists of the posterior 
patella and the distal femur. The joint is widely studied 
due to the high prevalence of patellofemoral pain. While 
the etiology of patellofemoral pain (PFP) is multifactorial, 
patellar malalignment has been identified as one of the 
possible causes.1,2 The patella achieves the greatest stabil-
ity beyond 45° knee flexion, where it is fully engaged in the 
trochlear groove.3 The joint capsule, patellofemoral liga-
ment, iliotibial tract (ITB), and lateral patellar retinaculum 
all help to maintain the stability of the PFJ.4 Surrounding 
muscles, especially the distal portion of the vastus me-
dialis, i.e., the vastus medialis obliquus, are important in 
the dynamic stability of the joint.5 Weakness or damage to 
these stabilizing structures may lead to patellar displace-
ment,6 and hence, to patellofemoral pain.7 

Ultrasound (US) is an inexpensive and non-invasive 
imaging modality that has been widely used to investigate 
the knee joint.8–12 Results have been found to be con-
sistent, and valid in comparison with magnetic resonance 
imaging (MRI).10 Ultrasound has also been found to be ac-
curate and reliable when investigating patellar abnormali-
ties13 and diagnosing fractures.14,15 

Previous real time US studies on asymptomatic subjects 
have shown that 20° hip adduction results in lateral dis-
placement of the patella, compared to the neutral posi-
tion.9,12 Although the results in these studies were statisti-
cally significant, the validity of the US method in assessing 
patellar position in relation to hip adduction was not re-
ported. Consequently, it cannot be guaranteed that the 
patellar position measured by US was equivalent to the re-
sults that would have been obtained by direct measure-
ment. 

The aim of this study, therefore, was to validate the use 
of US to measure lateral displacement of the patella, by 
comparing the position of the patella as measured by US, 
and then by direct measurement. 

MATERIALS AND METHODS 

Nine soft-fixed cadavers (1 male, 8 females) donated for 
anatomical education and research under the UK Human 
Tissue Act (2004) were used in this study. Soft-fixed ca-
davers retain free movement of the joints and preserve a 
more life-like appearance. The mean age was 82.4± 6.02 
years (range: 71-90). None of the cadavers had any no-
ticeable lower limb pathology or deformity, and cause of 
death was unrelated to musculoskeletal pathology. How-
ever, three limbs had to be excluded from the study due to 
previous dissections of the knee area. 

A SonoSite Edge II ultrasound machine (SonoSite, Both-
ell, USA) with a SonoSite HL50x 15-6MHz linear-array 
probe (6 cm) was used for US imaging. The cadaver was 
positioned in the anatomical position with a block under 
the knee to maintain 20° flexion.9,12 The borders of the 
patella were palpated. The width and height were measured 
with a digital caliper, then a vertical line was drawn be-
tween the superior and inferior borders, and a horizontal 

Figure 1. Photograph showing the position of the       
ultrasound probe on the lateral side of the horizontal          
line drawn on the patella (M – medial, L – lateral, S –              
superior, I – inferior)     

line was drawn between the medial and lateral borders. 
The anterior superior iliac spine (ASIS) was palpated, and 
a steel ruler was placed on the cadaver, with one end on 
top of the ASIS and the other end on the mid-point of the 
patella. A straight line was then drawn from the mid-point 
of the patella to the ASIS. A standard 360° goniometer was 
used to position the lower limb. One arm of the goniome-
ter was aligned with the left and right ASIS, while the other 
was aligned with the line drawn from the mid-point of the 
patella to the ASIS. Initial measurements were taken in the 
neutral position. The limb was then moved into 20° adduc-
tion and maintained in position using a block. 

ULTRASOUND PROTOCOL 

The ultrasound probe was covered with cling film for hy-
giene purposes. Water-soluble transmission gel was placed 
between the scanner head and the cling film, and on the 
skin of the knee. It has been shown that this method does 
not affect the measurements or the physical characteristics 
of the probe.16 The probe was positioned perpendicular to 
the skin, on the lateral side of the knee, in line with the pre-
viously marked horizontal line (Figure 1). 

Minimal pressure was applied when placing the probe 
on the subject, sufficient to obtain a clear image without 
distorting the image or displacing the patella. Brightness 
mode (B-mode) real-time ultrasonography was then used to 
measure the patella-condyle distance in the neutral posi-
tion and in 20° adduction (Figure 2). Three measurements 
were taken for each position. To minimize operator vari-
ability, all measurements were taken by the same operator, 
who had received US training from the Clinical Physics De-
partment of the institution. 

DIRECT MEASUREMENT PROTOCOL 

Following ultrasound measurement, a scalpel was used to 
make a small, superficial, skin incision between the lateral 
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Figure 2. Ultrasound image taken from the right lower limb of a soft-fixed cadaver at 20° hip adduction (probe                  
position as in    Figure 1 .) The dotted line represents the lateral patella-condyle distance          

condyle of the femur and the lateral edge of the patella 
along the previous marked transverse line. Care was taken 
not to incise deeper than the superficial fascia. A self-re-
taining retractor was used to maximize visualization and 
access to the area. A digital caliper (resolution of 0.01 mm) 
was used to measure the patella-condyle distance at the 
apex of the lateral margin of the patella and the superior 
apex of the lateral femoral condyle (Figure 3). A measure-
ment was first taken in the neutral position, then in 20° ad-
duction. Again, three sets of measurements were taken in 
each position. 

INTRA-RATER RELIABILITY STUDY 

One subject was randomly selected for an intra-rater relia-
bility study. This subject’s knees were assessed nine times 
over three different days for both US and DM measure-
ments. All measurements were taken by the same investi-
gator, using the same equipment, in order to standardize 
measurements. 

Figure 3. Schematic diagram of the patellofemoral      
articulation in axial section, asterisks indicate where        
measurements were taken, dotted line indicates       
patella-femoral condyle distance    

STATISTICAL ANALYSIS 

Measurements obtained were analyzed using Microsoft Ex-
cel. A paired t-test was used, with the significance set at 
p<0.05. Data points were plotted on a scatter graph, and the 
Pearson correlation and the coefficient of determination R² 
were calculated. A two-sample t-test was used to compare 
results obtained in this study with data previously reported 
from an ultrasound study on young, asymptomatic volun-
teers.12 Intra-rater reliability was assessed using the coeffi-
cient of variation (CV) and variance. 

RESULTS 

A total of 15 lower limbs from nine soft-fixed cadavers were 
examined. The mean and variance of the 3 repeated mea-
surements for both methods showed close similarity, with 
low CV and variance (Tables 1 and 2). 

The mean difference between the neutral and adducted 
positions in both left and right limbs combined was 0.24 
cm. A paired t-test showed no significant difference in the 
measurements taken from the two different methods 
(p=0.83). A strong correlation between the methods was 
found (Pearson correlation=0.97, R²=0.9446) showing that 
the measurements obtained with US were valid and reliable 
(Figure 4). A two-sample t-test using the data reported here 
(mean difference 0.24 cm) compared to previously pub-
lished ultrasound data obtained from an asymptomatic, in-
vivo population (mean difference 0.18 cm)12 showed no sig-
nificant differences between the mean patellar-condyle 
distance in the neutral and adducted positions, indicating 
that the data obtained from soft-fixed cadavers were com-
parable to that of a patient population. 

The coefficient of variability (CV) for the intra-rater re-
liability test was 0.008 (0.8%) for US measurements and 
0.045 (4.5%) for direct measurements in the neutral posi-
tion; and 0.0057 (0.57%) and 0.003 (0.3%), respectively, in 
20° adduction. These values were all <5%, indicating that 
the results were reliable. 
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Table 1. The mean, standard deviation (SD), coefficient of variation (CV), variance, and range of the lateral                
patellar-femoral condyle distance, as measured by ultrasound (US) and direct measurement (DM) in the neutral                
position.  

Mean (cm) SD CV (SD/Mean) Variance Range (cm) 

US 1.32 0.01 0.008 0.00007 1.31 - 1.33 

DM 1.34 0.06 0.045 0.00004 1.33 - 1.34 

CV: coefficient of variance, SD: standard deviation 

Table 2. The mean, standard deviation (SD), coefficient of variation (CV), variance, and range of the lateral                
patellar-femoral condyle distance, as measured by ultrasound (US) and direct measurement (DM) in 20° hip                
adduction.  

Mean (cm) SD CV (SD/Mean) Variance Range (cm) 

US 1.05 0.006 0.0057 0.00002 1.04 - 1.05 

DM 1.00 0.003 0.003 0.000006 0.99 – 1.00 

CV: coefficient of variance, SD: standard deviation 

Figure 4. Scatter plot showing the correlation between combined mean ultrasound (US) and direct measurements              
of the lateral patella-femoral condyle distance (R² = 0.9446)          

DISCUSSION 

Ultrasound has previously been used to evaluate patellar 
position,8–12 morphology,13 and fractures.15 However, the 
validity of the US method in assessing patellar position was 
not reported, and hence, it has not been confirmed that 
US is a reliable method of assessment of patellar position 
in comparison with direct measurement. It is important, 
therefore, to validate the methodology before its applica-
tion in vivo to subjects in research, or in the clinic. This 
study fills the gap in the literature by comparing ultra-
sound results with direct measurements. It has previously 

been shown that good quality US images can be obtained 
from soft-fixed cadavers,6 therefore, this type of cadaver 
was used in this study. 

To the authors’ knowledge, the study reported here is 
the first to demonstrate, by direct measurement, the valid-
ity of using US to measure the position of the patella in 
the neutral position and then in 20° of passive adduction. 
The current results showed a very small mean difference 
between the US measurement and the direct measurement 
(0.02 cm in the neutral position and 0.05 cm in 20° hip 
adduction, respectively), suggesting that the two methods 
produce very similar results. There was also a high level of 
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correlation between the two methods (R²=0.9446, Pearson 
correlation=0.97), and there was no statistically significant 
difference in the results obtained (p=0.83). Therefore, the 
US technique used to measure patellar position is valid and 
can be used with confidence in clinical assessment of the 
position of the patella. 

For both US and direct measurement, the intra-rater re-
liability test showed that the CV was <5%, which indicates 
that the results were reliable. The standard deviation (SD) 
of the US measurement and direct measurement was 0.01 
and 0.06, respectively, in the neutral position, and 0.006 
and 0.003, respectively, in hip adduction. The low SD also 
suggests that the measurements were reliable, and unlikely 
to be due to measurement errors. 

It was found that in both US measurements and direct 
measurements (DM), hip adduction consistently produced 
a smaller patella-condyle distance than in the neutral po-
sition, and caused lateral displacement of the patella. The 
mean difference obtained by US and DM was 0.24 and 0.25, 
respectively. This is consistent with the in vivo study carried 
out by Herrington and Law,9 where 12 healthy males were 
recruited, and Kwan et al.'s study of a larger cohort of both 
males and females.12 

While axial x-ray or CT images are currently used clini-
cally to assess patellar tilt,17 real time US of lateral patellar 
displacement as described by Herrington et al.9 and Kwan 
et al.12 may present a potential alternative modality that 
could be easily applied in the clinic, although, since this 
was a cadaver study, more work will be necessary to validate 
the method in symptomatic patients. 

Although the current results have shown US to be a 
valid method for measuring patellar position relative to the 
femoral condyle, some limitations must be taken into con-
sideration. The sample size was relatively small, and the 
use of cadavers imposed its own limitations, as preserved 
tissue may not be completely comparable to living tissue. 
Also, the mean age of the cadavers was 82.4 ± 6.02 years, so 
it is likely that osteoarthritis, which affects more than 80% 
of the aged population,18 was present, which could have af-
fected the results. Out of the nine cadavers used, eight were 
female, which may also have skewed the results. Although 
limbs with obvious damage or pathology were excluded, 
there is a possibility that the subjects had underlying knee 

or hip pathology that was not detected. Unfortunately, the 
donors’ medical records were not available, so the relia-
bility of the results reported here could be compromised. 
However, the mean difference from both methods between 
the neutral and adducted positions recorded here (0.24 cm), 
is similar to the in vivo result (0.18 cm) reported in a much 
larger study of young, asymptomatic subjects,12 and fur-
thermore, data analysis suggested that the results reported 
here are not significantly different. It should, however, also 
be borne in mind that these measurements were all non-
weight-bearing and carried out after passive movement of 
the limb, so any direct comparison with patellar displace-
ment in a living, weight-bearing subject should be treated 
with caution. 

CONCLUSION 

This study shows a high level of correlation between US and 
direct measurement of the position of the patella in neutral 
and adducted hip positions. This suggests that US is a valid 
method of assessing lateral displacement of the patella in 
vivo. 
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Background  
Epidemiological data on sports injuries and illnesses depend on the surveillance 
methodology and the definition of the health problems. The effect of different 
surveillance methods on the data collection has been investigated for overuse injuries, 
but not for other health problems such as traumatic injuries and illnesses. 

Purpose  
The purpose of this study was to investigate the new surveillance method developed by 
the Oslo Sports Trauma Research Center (OSTRC), which is based on any complaint 
definition (new method), to identify health problems compared with the traditional 
surveillance method, which is based on time loss definition. 

Study design   
Descriptive epidemiology study 

Methods  
A total of 62 Japanese athletes were prospectively followed-up for 18 weeks to assess 
differences in health problems identified by both new and traditional methods. Every 
week, the athletes completed the Japanese version of the OSTRC questionnaire 
(OSTRC-H2.JP), whereas the teams’ athletic trainers registered health problems with a 
time loss definition. The numbers of health problems identified via each surveillance 
method were calculated and compared with each other to assess any differences between 
their results. 

Results  
The average weekly response rate to the OSTRC-H2.JP was 82.1% (95% CI, 79.8–84.3). 
This new method recorded 3.1 times more health problems (3.1 times more injuries and 
2.8 times more illnesses) than the traditional method. The difference between both 
surveillance methods’ counts was greater for overuse injuries (5.3 times) than for 
traumatic injuries (2.5 times). 
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Conclusions  
This study found that the new method captured more than three times as many health 
problems as the traditional method. In particular, the difference between both methods’ 
counts was greater for overuse injuries than for traumatic injuries. 

Level of evidence    
2b 

INTRODUCTION 

Epidemiological studies of injury and illness in sports are 
essential to protect the health of athletes.1 Definitions and 
methods of investigating the magnitude of injuries and ill-
nesses have been published in consensus statements for 
specific sports2–4 and multi-sport events by the Interna-
tional Olympic Committee.1,5 The following injury and ill-
ness definitions are recommended: all physical complaints 
regardless of their consequences (any complaint definition), 
injuries or illnesses leading to the athlete seeking attention 
from a qualified medical practitioner (medical attention de-
finition), and injuries or illnesses leading to the athlete 
being unable to complete the current or future training 
session or competition (time loss definition).1,6,7 To date, 
most injury surveillance studies have used time loss, the 
narrowest of all consensus-recommended definitions.8–10 

However, this approach underestimates the full impact of 
overuse injuries because athletes often continue to partic-
ipate in training and competitions despite persistent prob-
lems.11,12 To address these challenges, Clarsen et al.6 de-
veloped the Oslo Sports Trauma Research Center (OSTRC) 
Overuse Injury Questionnaire (OSTRC-O) in 2013 to record 
the extent of overuse injuries based on any complaint. Sub-
sequently, the Oslo Sports Trauma Research Center Ques-
tionnaire on Health Problems (OSTRC-H) was developed in 
2014 to record not only overuse injuries, but also traumatic 
injuries and illnesses.13 

Several authors have investigated the efficacy of the new 
surveillance methods in comparison with the traditional 
method, which uses the time loss definition.6,14 Clarsen et 
al.6 reported that the OSTRC-O captured 10 times more 
overuse injuries than the traditional method, with 75% 
rather than 11% of the athletes affected during the study 
period. Weiss et al.14 assessed professional basketball play-
ers throughout one season using the OSTRC-O, and re-
ported 6.5 times more overuse injuries than were reported 
with the traditional method. Thus, while the efficacy of the 
new surveillance methods has been examined for overuse 
injuries, they have not been compared with the traditional 
surveillance method for other health problems, such as 
traumatic injuries or illnesses. 
The OSTRC questionnaires, OSTRC-O and OSTRC-H, 

were updated in 2020 to the OSTRC-O2 and OSTRC-H2, 
respectively.12 These questionnaires have been translated 
into several languages and have been adopted in both 
sports injury research and clinical environments.7,12,15–19 

It is therefore crucial to distinguish the differences between 
the new and the traditional methods, not only for overuse 
injuries, but also for other health problems. The purpose of 
this study was to investigate the new surveillance method 

developed by the OSTRC, which is based on any complaint 
definition (new method), to identify health problems com-
pared with the traditional surveillance method, which is 
based on time loss definition. It was hypothesized that the 
new methods capture more health problems than the tra-
ditional method not only for overuse injuries, but also for 
traumatic injuries and illnesses. 

METHODS 
PARTICIPANTS AND RECRUITMENT 

The university coaches and athletic trainers for a male 
handball team, a female soccer team, and a female lacrosse 
team were approached. After presenting the purpose of the 
study, athletes from the three teams were recruited individ-
ually. The inclusion criteria were as follows: 1) at least 18 
years old and 2) able to speak and understand Japanese.7,18 

Athletes were included regardless of whether they had cur-
rent or previous injuries.7,18 This study was approved by the 
Ethics Committee of Osaka Electro-Communication Uni-
versity. All participants signed a written informed consent 
form. All methods were performed in accordance with rele-
vant guidelines and regulations. 
All athletes from each invited team (male handball, n = 

27 athletes; female soccer, n = 14 athletes; female lacrosse, 
n = 23 athletes) consented to participate in the study. Of 
these, two female lacrosse athletes stopped playing 
lacrosse during the study period and were thus excluded 
from the analyses. The demographics of the participants 
are summarized in Table 1. 

PROCEDURES 

The study followed the participants prospectively for 18 
weeks from April to August 2021. They were asked to com-
plete the Japanese version of the OSTRC-H2 (OSTRC-H2.
JP) weekly.7 The questionnaire was prepared using Google 
Forms, and the hyperlink was distributed via email.7 If no 
response was received from an athlete after two days at the 
end of each week, an automatic reminder email was sent.7 

In parallel, each team’s athletic trainers registered injuries 
and illnesses using the traditional method, which is based 
on a time loss definition.14 

INJURY AND ILLNESS REGISTRATION USING THE NEW 
SURVEILLANCE METHOD 

The OSTRC-H2.JP was used to record the athletes’ health 
problems based on any complaint.7 This questionnaire con-
sisted of four key questions regarding the symptoms and 
consequences of injuries and illnesses during the previous 
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Table 1. Participants’ characteristics. Data are presented as mean and standard deviation.           

　 
Male handball 

(n = 27) 
Female soccer 

(n = 14) 
Female lacrosse 

(n = 21) 
Total 

(n = 62) 

Age, years 19.3 ± 0.7 20.4 ± 1.4 20.1 ± 0.9 19.8 ± 1.0 

Height, m 1.72 ± 0.06 1.59 ± 0.04 1.60 ± 0.04 1.65 ± 0.08 

Weight, kg 69.2 ± 6.4 52.3 ± 4.0 56.4 ± 5.6 61.1 ± 9.2 

BMI, kg/m2 23.3 ± 1.9 20.8 ± 1.1 22.0 ± 1.9 22.3 ± 2.0 

Sports 
experience, 
years 

8.4 ± 2.3 11.2 ± 4.5 1.8 ± 1.1 6.8 ± 4.6 

Training 
volume, 
hours/week 

18.1 ± 2.1 13.3 ± 2.0 16.1 ± 2.7 16.4 ± 3.0 

BMI: body mass index 

seven days.7,12 In case of any health problems, the athletes 
were asked to define whether the problems were an injury 
or illness.20 They were further asked to classify any injury 
as a traumatic or as an overuse injury, and to disclose the 
body location. For an illness, they were asked to select the 
major symptoms that they experienced. For both injuries 
and illnesses, athletes also reported the number of days of 
complete time loss, which was defined as the total inabil-
ity to train or compete.13 Based on the players’ responses 
to the four key questions, the severity score for each health 
problem was calculated on a scale of 0–100.13 

An any complaint health problem was defined as a 
health problem sustained by an athlete during a match or 
training, regardless of whether it received medical atten-
tion or necessitated time loss from sports activities.2,21 An 
illness was defined as a health complaint or disorder that 
is unrelated to an injury.1 An injury was defined as tissue 
damage or other derangement of normal physical function 
due to participation in sports, resulting from the rapid or 
repetitive transfer of kinetic energy.1 An injury was fur-
ther classified as a traumatic or overuse injury; a traumatic 
injury was defined as caused by a single, clearly identifi-
able energy transfer, and an overuse injury was defined as 
caused by multiple accumulative bouts of energy transfer 
without a single, clearly identifiable event responsible for 
the injury.1,12,13,21 

INJURY AND ILLNESS REGISTRATION USING THE 
TRADITIONAL METHOD 

The athletic trainers were asked to register health problems 
based on the time loss definition.6,14 For each injury, the 
registration form requested information about whether it 
was a traumatic or overuse injury, the injury location, the 
type of injury, the number of time loss days, and the diag-
nosis. For an illness, the form requested information about 
major symptoms, the number of time loss days, and the di-
agnosis. The severity of each health problem was classified 
as minimal (1–3 days), mild (4–7 days), moderate (8–28 
days), or severe (>28 days) based on the number of time loss 
days.22,23 

A time loss health problem was defined as a health prob-
lem sustained by an athlete during training or a match that 

caused the athlete to be unable to participate fully in fu-
ture training or matches.2 Both surveillance methods used 
the same definitions of injury, illness, traumatic injury, and 
overuse injury. 

STATISTICAL ANALYSIS 

The participants’ basic information was presented as the 
mean and standard deviation. The weekly response rate of 
the OSTRC-H2.JP was presented as a percentage and 95% 
confidence interval (95% CI) for all athletes and each team. 
The prevalence of health problems based on the OSTRC-H2.
JP responses was calculated weekly by dividing the number 
of athletes reporting any type of problem by the number of 
questionnaire respondents.6,12,13 

To assess the differences between data collected by the 
new and traditional surveillance methods, the numbers of 
health problems were calculated and compared.6,14 Sta-
tistical analyses were performed using Microsoft Excel for 
Mac (version 16.54, Microsoft Corporation, Redmond, WA, 
USA) and SPSS (version 26.0, IBM Corporation, Armonk, 
NY, USA), with the significance level set at p < 0.05. 

RESULTS 
THE NEW SURVEILLANCE METHOD 

During the 18 weeks, the average weekly response rate to 
the OSTRC-H2.JP among all participants was 82.1% (95% 
CI, 79.8–84.3); responses were provided by 72.9% (95% CI, 
68.9–76.8) of the male handball team, 90.1% (95% CI, 
86.4–93.8) of the female soccer team, and 88.6% (95% CI, 
85.4–91.8) of the female lacrosse team. 
From the responses to the OSTRC-H2.JP, 120 health 

problems were identified in 48 athletes (77.4%), of which 
106 were injuries and 14 were illnesses (Table 2). Of these 
injuries, 64 were classified as traumatic injuries and 42 as 
overuse injuries. The average weekly prevalence of health 
problems was 31.2% (95% CI, 28.2–34.2) among all three 
teams. The average weekly prevalence of injuries and ill-
nesses was 28.0% (95% CI, 25.1–30.9) and 3.8% (95% CI, 
2.6–5.1), respectively. The average weekly severity score for 
health problems was 56.1 (95% CI, 54.7–57.6). The sever-
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ity score for injuries was 51.6 (95% CI, 50.1–53.2), and the 
severity score for illnesses was 81.0 (95% CI, 72.4–89.7). 
Table 3 shows the average weekly prevalence and the sever-
ity scores of health problems during the course of the study. 

THE TRADITIONAL SURVEILLANCE METHOD 

A total of 39 health problems that resulted in time loss were 
identified from 31 athletes (50.0%) by athletic trainers from 
all three teams (Table 2). Of these, 34 were classified as in-
juries and five as illnesses. Among the injuries, there were 
26 traumatic injuries and eight overuse injuries. The most 
affected body parts were the ankle (n = 11), the knee (n = 7), 
and the lumbo-sacral spine/buttock (n = 5) (Table 4). 

COMPARISON BETWEEN THE NEW AND TRADITIONAL 
SURVEILLANCE METHODS 

Throughout the study period, the new method recorded 3.1 
times more health problems than the traditional method 
(new method: n = 120, traditional method: n = 39). These 
health problems were reported by 48 athletes (77.4%) using 
the new method and 31 athletes (50.0%) using the tradi-
tional method. For injuries and illnesses, the new method 
found 3.1 times more injuries (new method: n = 106, tra-
ditional method: n = 34) and 2.8 times more illnesses (new 
method: n = 14, traditional method: n = 5) than the tradi-
tional method. For injuries, the difference between meth-
ods was greater for overuse injuries (new method: n = 42, 
traditional method: n = 8) than for traumatic injuries (new 
method: n = 64, traditional method: n = 26). The differences 
between the new and the traditional method are shown in 
Table 2 and Figure 1. 
Among injuries, the greatest difference between the new 

and traditional methods was for the head/face (6.0 times), 
followed by the shoulder (4.0 times) and the hand (4.0 
times) (Table 4). 

DISCUSSION 

In this study, Japanese athletes were prospectively followed 
to assess differences in the number of health problems 
identified with the new method, which used an any com-
plaint definition, and the traditional method, which used a 
time loss definition. The new method recorded more than 
three times as many health problems as the traditional 
method. Overuse injuries were identified as much as five 
times more often with the new method compared than with 
the traditional method. 
Throughout the study, 120 health problems were iden-

tified using the new method, which was 3.1 times more 
than when using the traditional method. Among the health 
problems, the differences between the two methods were 
similar for injuries and illnesses. A study investigating the 
characteristics of injuries and illnesses among elite Norwe-
gian athletes using the new method reported that out of 
262 recorded injuries, 124 injuries resulted in time loss.13 

This indicates that 2.1 times more injures were identified 
when using the any complaint definition than when using 
only the time loss definition.13 Although this is the first 

study to investigate differences between the new and tradi-
tional methods for determining health problems, not only 
for overuse injuries, but also for traumatic injuries and ill-
nesses, the results obtained from this study are comparable 
to those of previous studies on both injuries and illnesses.13 

The differences in injuries identified when using the new 
and the traditional methods were greater for overuse in-
juries (5.3 times) than for traumatic injuries (2.5 times). 
Overuse injuries are caused by repeated microtraumas 
without a single, identifiable event, and in many cases, do 
not result in time loss with absence from training or com-
petition.11,12 Symptoms such as pain or functional limita-
tion often appear gradually and may be transient; thus, it is 
likely that at least in the early stages, the athlete will con-
tinue to train and compete despite having overuse condi-
tions.12 In fact, the severity scores for overuse injuries in 
this study were significantly lower than those for traumatic 
injuries and illnesses, and overuse injuries were less likely 
than traumatic injuries and illnesses to be accompanied by 
an absence from training or competition. 
The difference between the two methods among overuse 

injuries in this study was similar to that of for targeted 
male professional basketball players,14 but lower than that 
of for targeted Norwegian athletes.6 Weiss et al.14 exam-
ined overuse injuries in professional basketball players us-
ing the new and the traditional methods, and showed that 
the new method recorded 6.5 times more overuse injuries 
than the traditional method. Clarsen et al.6 also investi-
gated overuse injuries using both methods, and found that 
the new method identified 10.1 times more overuse injuries 
than the traditional method. The study included athletes 
participating in handball, floorball, volleyball, cycling, and 
cross-country skiing.6 While the majority of participants 
(66.5%) were involved in non-contact sports such as vol-
leyball, cycling, and cross-country skiing,6 the majority of 
participants in our study (66.1%) were involved in contact 
sports such as handball and soccer. It has been reported 
that overuse injuries occur more frequently in non-contact 
sports than in contact sports.24,25 Hence, it is possible that 
the differences between the previous6 and current study are 
due to the characteristics of the sports in which the athletes 
participated. 
This is the study to investigate the differences between 

quantification of health problems, such as traumatic in-
juries and illnesses, by the new and traditional surveillance 
methods. The study does have some limitations. First, as 
the participants from only three university teams were en-
rolled; thus, it was not possible to extract a sufficient num-
bers of health problems for detailed examination of the 
differences between their quantification by the new and 
traditional methods in terms of the locations of injuries and 
illnesses. Additionally, although the questionnaires are in-
tended to be used for a variety of sports, only responses 
from athletes participating a few sports (handball, soccer, 
and lacrosse) were analyzed. In particular, the results might 
differ between contact and non-contact sports. Further-
more, the athletes self-reported their injuries and illnesses 
in the new method. As most athletes do not have adequate 
medical knowledge, erroneous information regarding their 
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Table 2. Differences of health problems identified between the new and traditional surveillance methods. Data are presented as the number of health problems and                       
multiples in difference.    

　 

Male handball Female soccer Female lacrosse Total 

New 
method 

Traditional 
method 

Difference 
(Times) 

New 
method 

Traditional 
method 

Difference 
(Times) 

New 
method 

Traditional 
method 

Difference 
(Times) 

New 
method 

Traditional 
method 

Difference 
(Times) 

Health problems 27 11 2.5 41 16 2.6 52 12 4.3 120 39 3.1 

26 10 2.6 36 13 2.8 44 11 4.0 106 34 3.1 

17 9 1.9 26 11 2.4 21 6 3.5 64 26 2.5 

9 1 9.0 10 2 5.0 23 5 4.6 42 8 5.3 

1 1 1.0 5 3 1.7 8 1 8.0 14 5 2.8 

Table 3. Average weekly prevalence and severity scores of health problems. Data are presented as mean and 95% confidence interval.                   

　 Male handball Female soccer Female lacrosse Total 

Prevalence (%) 

20.4% (16.2, 24.6) 44.0% (37.5, 50.4) 33.5% (28.5, 38.6) 31.2% (28.2, 34.2) 

19.5% (15.4, 23.7) 35.4% (29.1, 41.6) 31.8% (26.8, 36.8) 28.0% (25.1, 30.9) 

15.3% (11.6, 19.1) 24.9% (19.3, 30.6) 15.9% (12.0, 19.8) 17.9% (15.4, 20.4) 

4.5% (2.3, 6.6) 10.9% (6.8, 14.9) 19.2% (15.0, 23.4) 11.5% (9.5, 13.6) 

0.9% (-0.1, 1.9) 9.5% (5.7, 13.3) 2.9% (1.1, 4.7) 3.8% (2.6, 5.1) 

Severity score 

68.6 (63.6, 73.5) 54.9 (51.3, 58.6) 54.3 (50.5, 58.0) 56.1 (54.7, 57.6) 

66.8 (61.5, 72.1) 44.9 (41.1, 48.7) 51.7 (47.8, 55.5) 51.6 (50.1, 53.2) 

71.5 (65.2, 77.7) 49.2 (41.2, 57.2) 59.2 (51.6, 66.9) 57.3 (54.6, 60.0) 

33.2 (15.6, 50.8) 27.3 (17.4, 37.2) 43.3 (39.3, 47.2) 41.6 (39.9, 43.2) 

19.9 (-24.5, 64.3) 70.9 (51.6, 90.2) 9.9 (-4.2, 23.9) 81.0 (72.4, 89.7) 

Injury 

Traumatic 
injury 

Overuse 
injury 

Illness 

Health problems 

Injury 

Traumatic injury 

Overuse injury 

Illness 

Health problems 

Injury 

Traumatic injury 

Overuse injury 

Illness 
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Table 4. Location and severity of injuries and illnesses. Data are presented as the number of health problems and                  
multiples in difference.    

　 
Non time 

loss 

Time loss 
Total 

Difference 
(Times)‡ Minimal Mild Moderate Severe All 

Injury*† 72 8 3 11 13 35 107 3.1 

5 0 0 0 1 1 6 6.0 

1 0 0 0 0 0 1 - 

10 3 1 1 0 5 15 3.0 

6 0 1 1 0 2 8 4.0 

2 0 0 0 0 0 2 - 

1 0 0 0 0 0 1 - 

0 0 0 1 0 1 1 1.0 

3 0 0 0 1 1 4 4.0 

2 0 0 0 0 0 2 - 

4 1 0 2 0 3 7 2.3 

12 1 1 1 4 7 19 2.7 

4 0 0 0 2 2 6 3.0 

18 3 0 5 3 11 29 2.6 

4 0 0 0 2 2 6 3.0 

Illness 9 1 0 2 2 5 14 2.8 

*One injury included two body parts (lower leg/Achilles tendon and foot) 
†Four body parts (neck/cervical spine, chest, abdomen, upper arm) had no injury case and were excluded from the table. 
‡Data show the difference in the number of health problems identified by the new method (total) and traditional method (all time loss). 

conditions might have been reported. To minimize erro-
neous responses, the athletes were familiarised with the 
definitions of health problems during the pre-study meet-
ing. 

CONCLUSION 

This study found that the new surveillance method, which 
uses an any complaint definition, could capture more than 
three times as many health problems, including traumatic 
injuries, overuse injuries, and illnesses, as the traditional 
method, which uses a time loss definition. In particular, the 
methods differed more in their quantifications of overuse 
injuries than they did for traumatic injuries. 
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Figure 1. Venn diagram of the number of health problems captured by the new and traditional surveillance                
methods.  
The Gray circle indicated the number of health problems captured by the traditional surveillance method and the white circle that of captured by the new surveillance method. 
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Background  
Over the past decade, there has been an increased focus on collaboration within 
collegiate athletics based sports medicine. Specifically, athletic trainers (ATs) and 
physical therapists (PTs) are working together, often side-by-side, to provide optimal care 
for the injured athlete. However, the roles and responsibilities of the PT within this 
model are currently not well described. 

Purpose  
The purpose of this study was to identify educational training, credentials, roles, and 
responsibilities of the PT working with collegiate athletes. 

Study Design   
Cross-sectional survey 

Methods  
An anonymous, descriptive online survey focusing on the demographic and occupational 
characteristics of PTs providing care for collegiate athletes was created and distributed 
electronically through the American Academy of Sports Physical Therapy (AASPT), a 
subgroup within the American Physical Therapy Association (APTA). 

Results  
One hundred forty eligible responses were included. Sixty-four percent (90/140) of the 
respondents were male; 86% of the respondents (120/140) reported working in the 
National Collegiate Athletic Association (NCAA) Division I setting. Half (70/140) of 
respondents were also ATs, and 60% (83/140) were board-certified sports clinical 
specialists (SCS). All respondents (140/140) provide rehabilitation exercises; nearly all 
provide sports performance enhancement and manual therapy (97%, 136/140 and 96%, 
135/140, respectively). Other identified roles and responsibilities included 
communication with the athletic training staff, event coverage, and personnel 
management. 

Conclusions  
The role of the PT within collegiate athletics sports medicine is highly varied; years of 
experience, certification, credentials, and location of patient care are also variable. 
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Clinical Relevance   
PTs working in a collegiate athletics sports medicine setting have many paths to entry 
and diverse job duties. PTs interested in working in this setting should prioritize 
developing relevant experience and communication skills. 

Level of Evidence    
Level 3b 

INTRODUCTION 

The past decade has brought a paradigm shift in collegiate 
athletics sports medicine. In order to provide optimal out-
comes and best practice, there has been an effort to elevate 
the provision of medical services and increase interprofes-
sional practice and collaboration.1,2 A hallmark of collabo-
rative care is multiple caregivers from different professions 
utilizing best practices to improve patient outcomes.3,4 

When this model is superimposed upon collegiate athletics, 
the athlete (patient) may be supported by the athletic 
trainer (AT), primary care physician, orthopedic surgeon, 
physical therapist (PT), mental health counselor, strength 
and conditioning coach, dietician, and many others.5 

The field of physical therapy traverses a broad contin-
uum relating to age, gender, impairments, and functional 
limitations. By definition, a sports PT specializes in the 
health care management of the physically active individual 
that has been injured or aspires to return to athletic en-
deavors; they use evidence-based sports science to create 
and execute a customized plan of injury prevention, per-
formance enhancement, management of an acute care in-
jury, and return to sport.6 This includes earning the des-
ignation Sports Clinical Specialist (SCS) by the American 
Board of PT Specialties (ABPTS) which demonstrates com-
petence in the field of sports physical therapy. To date, 
board specialization is not mandatory, nor does it directly 
affect the ability to practice PT in any setting. Specific to 
sports, the collegiate setting is an environment in which 
a PT can utilize their skill set to care for student athletes 
by working collaboratively with the AT and the rest of the 
sports medicine team. Support for the collaboration be-
tween the PT and AT professions has been aided in-part by 
the American Physical Therapy Association (APTA) and Na-
tional Athletic Trainers’ Association (NATA) stating a part-
nered agenda via professional addresses and collaborative 
educational conferences.7,8 

At present, in the collegiate athletics sport medicine set-
ting, the fundamental roles and responsibilities of ATs and 
physicians have been well-defined.9 The AT is responsible 
for overseeing and directing care for student athletes while 
team physicians provide additional medical diagnosis and 
treatment. However, the roles and responsibilities of the PT 
working in a collegiate environment are not well known. 
Therefore, the purpose of this study was to identify edu-
cational training, credentials, roles, and responsibilities of 
the PT who provides care as a member of the collegiate 
athletic sports medicine teams. The hypotheses were that 
the PT will have additional certifications and/or credentials 
beyond that of an entry-level PT; and that their role as a 

member of the collegiate athletic sports medicine team will 
extend beyond rehabilitation services. 

METHODS 
SURVEY DEVELOPMENT 

The survey tool was initially developed by a group of PTs 
who are also American Academy of Sports Physical Therapy 
(AASPT) members (MZ, JTN, and JS) and provide physical 
therapy for collegiate athletes in the athletic training room 
at their respective universities. The group has over 20 years 
of experience working with collegiate athletes. The initial 
survey draft was piloted to seven additional AASPT mem-
bers with experience in collegiate athletics or research 
methodology. The pilot group completed the electronic sur-
vey via an email link; they were not compensated. Their 
critique regarding the survey’s questions, organization, and 
readability enhanced the face validity of the content. Based 
on this collective input, the survey was modified and a final 
document was prepared and reviewed by all authors. The 
survey was uploaded to Google Forms (Alphabet Inc, Moun-
tain View, CA), which has previously been demonstrated 
to be an appropriate electronic survey system for med-
ical questionnaires.10 The survey was designed to take less 
than 10 minutes to complete. This study was approved by 
the University of Maryland, Baltimore Institutional Review 
Board prior to survey distribution. 

An invitation email to AASPT members and a post on 
the AASPT website announced the purpose of the survey, 
emphasized anonymity through aggregate-only reporting, 
and informed individuals that voluntary consent was des-
ignated by responding to the survey. The link to the survey 
was available on the AASPT website for four weeks; two 
email reminders were sent to membership during that 
timeframe, encouraging them to complete the survey and 
to share the link with non-AASPT members who were 
known to treat collegiate athletes. Inclusion criteria re-
quired respondents to be licensed PTs with a formal, es-
tablished, working relationship with a United States colle-
giate athletic department. Responses were excluded from 
PTs who worked with collegiate athletes on a volunteer ba-
sis only or who worked with collegiate athletes in an unaf-
filiated outpatient office. 

The survey asked about demographic and educational 
background, such as age, gender, years of experience, resi-
dency completion, and information regarding other creden-
tials or certifications. Specific roles and responsibilities of 
the PT were also identified. Lastly, information relating to 
employer (athletics, contract work, or other) was obtained. 
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Data regarding whether renumeration was utilized (insur-
ance or other reimbursement) was also acquired. 

DESCRIPTIVE STATISTICS 

Descriptive statistics were used to summarize the sample 
population using frequency counts for categorical variables 
and means and standard deviations for continuous vari-
ables. Responses that were written in by respondents were 
manually coded. Exploratory analysis consisted of several 
group comparisons related to work history and number of 
job duties. Specifically, the number of years in college ath-
letics between self-identifying female and male respon-
dents and between PTs and dual PT/ATs were compared. 
Additionally, the number of job duties between self-identi-
fying female and male respondents, between PTs and dual 
PT/ATs, and between respondents with more or less than 15 
years of PT experience were compared. 

Prior to comparison, normality of data was assessed by 
visually observing the histograms of variables and perform-
ing a Shapiro-Wilk test. In the instance of non-normal data, 
a Wilcoxon signed rank test was used. Ninety-five percent 
confidence intervals (95% CI) were computed for all com-
parisons. Alpha was set a priori at 0.05. Data were analyzed 
using R Version 3.6.1 (R Foundation for Statistical Comput-
ing, Vienna, Austria). 

RESULTS 
GENERAL DEMOGRAPHICS 

Of the 6,106 AASPT members who the survey was emailed 
to in 2020, 183 completed surveys for a 2.91% response 
rate. Of the responses, 140 met the inclusion criteria and 
were included in the final analysis. A summary of demo-
graphic information of the respondents is presented in 
Table 1. The mean number of years in practice was 15.7 
years; nine years were spent working with collegiate ath-
letes. The majority of respondents [64% (90/140)] identified 
as male. Most respondents [86% (120/140)] reported work-
ing with NCAA Division I athletes; various additional cre-
dentials (SCS) or certifications (AT) were held by the re-
spondents. 

OPERATIONAL CHARACTERISTICS 

The employer category, location of service, financial model, 
and hours per week are presented in Table 2. Forty-three 
percent (60/140) of respondents reported working for a 
healthcare company that contracted with the athletic de-
partment. Of the respondents, 30% (42/140) provided some 
and 61% (85/140) provided all their care on-site at an ath-
letic department facility. Fifty-six percent (79/140) respon-
dents indicated they worked less than 50% of the work week 
with the athletic department. Regarding reimbursement, 
39% (54/140) of respondents reported seeking insurance re-
imbursement for their services. 

JOB RESPONSIBILITIES AND TREATMENTS PROVIDED 

Daily job responsibilities and treatments rendered by sur-
vey respondents are presented in Table 3 and Table 4, re-
spectively. Ninety percent (126/140) of the sample indi-
cated they communicated directly with athletics staff and 
44% (61/140) of the sample indicated they were involved 
with event coverage. One hundred percent (140/140) re-
spondents reported providing rehabilitation exercise. 

GROUP COMPARISONS 

The summary statistics for the variables in the group com-
parisons are displayed in Table 5. No data for group com-
parisons were normally distributed. Respondents with more 
than 15 years of PT experience had significantly more job 
duties than those with less than 15 years of PT experience 
(p=0.031; 95% CI: -1.0, -0.01). Given that less than 1% (n=1) 
of respondents did not self-identify as male or female, this 
group was not able to be included in the following group 
comparisons. There was no significant difference in years in 
collegiate athletics between self-identifying males and fe-
males (p=0.418; 95% CI: -2.99, 1.00) or respondents who 
PT/ATs compared to those who were PTs (p=0.110; 95% CI: 
-3.99, 0.001). There was also no significant difference in the 
number of job duties between individuals self-identifying 
as male or female (p=0.988; 95% CI: -1.00, 1.00) or those 
who were PTs or PT/ATs (p=0.080; 95% CI: -1.0, 0.001). 

DISCUSSION 

The purpose of this study was to identify patterns and 
themes in the educational training, credentials, roles, and 
responsibilities of the PT working in collegiate athletes. 
The results of the survey suggests that these PTs possess 
additional credentials beyond entry level PTs and their re-
sponsibilities extend beyond rehabilitation care alone. Al-
though varied educational background, years of experience, 
and responsibilities were identified, common practice 
themes emerged from the survey results that warrant fur-
ther discussion. 

DEMOGRAPHICS 

Of the respondents, 35% (49/140) identified as female, and 
64% (90/140) identified as male, while <1% preferred not 
to answer. Presently, the AASPT is comprised of 6,298 PT 
members, 38% of which identify as female, 57% as male, 
and 5% whom preferred not to answer. As such, the findings 
are reflective of the AASPT demographic data. In a similar 
study of the gender composition of team physicians in se-
lect NCAA Division I and professional teams, women com-
prised 18.1% of all team physicians and 7.7% of orthopaedic 
surgeon team physicians, a lower percentage than observed 
in the current study.11 While the gender demographics in 
this survey may be equitable when compared to AASPT 
membership, this cannot be generalized to all PTs or the 
medical field. 

In the 2020-20121 academic year, 44% of collegiate stu-
dent athletes identified as female.12 The NCAA reporting of 
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Table 1. Sample Demographics   

N Percent of sample Mean SD 

Gender 

Female 49 35% 

Male 90 64% 

Prefer not to answer 1 <1% 

Years as PT 140 100% 15.7 11.6 

Years in college athletics 140 100% 9.4 9.1 

Years in current position 140 100% 7.7 8.4 

Athletic level 

NCAA Division I 120 86% 

NCAA Division II 16 11% 

NCAA Division III 20 14% 

NAIA 8 6% 

Specialty training 

Sports residency 34 24% 

Sports fellowship 10 7% 

Orthopedic residency 3 2% 

Professional credentials 

SCS 84 60% 

AT 70 50% 

CSCS 42 30% 

OCS 33 24% 

FAAOMPT 11 8% 

AASPT member 
Yes 129 92% 

No 11 8% 

Terminal degree 

Bachelor's 27 19% 

Master's 28 20% 

Doctorate 66 47% 

PhD/EdD 19 14% 

N: Number of participants who responded yes to that category; SD: standard deviation; NCAA: National Collegiate Athletic Association; NAIA: National Association of Intercollegiate 
Athletics; SCS: sports certified specialist; AT: athletic trainer; CSCS: certified strength and conditioning specialist; OCS: orthopedic certified specialist; FAAOMPT: Fellow of the 
American Academy of Orthopedic Manual Physical Therapists; PhD: Doctor of Philosophy; EdD: Doctor of Education. 

athlete participation does not provide information for non-
binary gender classification. Based on this data, female PTs 
are likely underrepresented in collegiate athletics sports 
medicine when compared to the percentages of female stu-
dent athletes. Although not represented in NCAA partici-
pation data, individuals with non-binary identification may 
also be underrepresented by PTs in collegiate athletics.12 

As such, increasing the number of females and individuals 
identifying with a non-binary gender on the collaborative 
health care team should be considered. 

As demonstrated in Table 5, the number of years in col-
lege athletics as well as the number of job duties were sim-
ilar between male and female genders. This implies that 
both male and female PTs have had similar roles and re-
sponsibilities in collegiate sports and have had a presence 
for approximately the same length of time. However, when 
compared to the percentage of female athletes in collegiate 
sports, the number of female PTs is lacking. 

CREDENTIALS AND CERTIFICATIONS 

Of the survey respondents, 60% reported being board certi-
fied in sports physical therapy, whereas only 24% reported 

completing a sports residency (Table 1). As such, over half 
of the respondents completed eligibility requirements and 
successfully passed the SCS examination without complet-
ing a sports residency. In addition, half of the respondents 
reported that they were also ATs (Table 1) and 44% of all 
respondents reported that they were responsible for ath-
letic event coverage (Table 3). It cannot be determined if 
those individuals who provide athletic event coverage were 
also dual credentialed PT/ATs. The fact that AT or post-pro-
fessional PT training was not a universal finding suggests 
many viable paths to careers in collegiate athletics exist. 

Interestingly, there were a greater number of respon-
dents who identified as being a SCS (60%) then being an 
AT (50%). This finding may be based on numerous factors. 
First, the prevalence of the dual PT/ATs may be declining 
due to changes in AT education. Most recently, there has 
been a transition of the bachelor’s degree to an entry level 
master’s degree in athletic training education programs.13 

Given the likely rise in tuition costs and time commitments, 
individuals may be less likely to complete both a master’s 
degree in athletic training and a doctorate degree physical 
therapy. Second, the role of the PT only clinician in col-
legiate athletics may be sufficient as specialty PT training 
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Table 2. Occupational Characteristics   

N Percent of sample 

Employer Category 

Healthcare company 60 43% 

Academic department 38 27% 

Athletic department 32 23% 

Independent contractor 10 7% 

Service location 

On site 85 61% 

Off site 13 9% 

Combination 42 30% 

Financial model 

Wage-based 67 48% 

Insurance reimbursement 54 39% 

Mix of wage/insurance reimbursement 4 3% 

Fee per visit 4 3% 

Other 11 8% 

Percent of role dedicated to athletic department 

<25% 52 37% 

26-50% 27 19% 

51-75% 14 10% 

76-100% 47 34% 

N: Number of participants who responded ‘yes’ to that category. 

Table 3. Job Responsibilities   

N Percent of 
sample 

Communication with 
athletics staff 

126 90% 

Teaching 83 59% 

Event coverage 61 44% 

Research 54 39% 

Rehabilitation coordinator 52 37% 

Management of athletics 
personnel 

43 31% 

Sports science data 
management 

32 23% 

N: Number of participants who responded ‘yes’ to that category. 

Table 4. Interventions provided by the sports PT       

N Percent of 
sample 

Rehabilitation exercises 140 100% 

Sports performance 
enhancement 

136 97% 

Manual therapy 135 96% 

Modalities 106 76% 

Dry needling 78 56% 

N: Number of participants who responded ‘yes’ to that category. 

may provide relevant skillsets. For example, in the current 
study interventions such as rehabilitation exercises, sports 
performance enhancement and manual therapy were per-

formed by >95% of the respondents; dry needling was per-
formed by 56% of the respondents (Table 4). Perhaps col-
legiate athletics sports medicine teams are seeking 
individuals to perform these skills, thereby allowing ATs to 
focus on other responsibilities, such as sideline and event 
coverage, emergency care for the injured athlete, and prac-
tice preparation. In the case of dry needling, the AT may be 
unable to perform this skill due to their respective state AT 
practice act. Therefore, PTs may demonstrate value in col-
legiate athletics sports medicine settings by exceling in the 
services they provide. 

ROLES AND RESPONSIBILITIES, INTERVENTIONS 
PERFORMED 

An important finding is that nearly all respondents (90%, 
126/140) reported that they regularly communicated with 
the athletics staff. This finding is critical as communication 
is necessary to promote interprofessional collaboration and 
successful outcomes for the student-athlete. Developing 
and maintaining a high-performance sports medicine team 
includes incorporation of best practices from within each 
profession, ongoing communication, operating in unison, 
incorporating diversity, and maintaining proper perspec-
tive.14 

In addition, the number of job duties did not differ be-
tween self-identified male and female genders or between 
PTs and PT/ATs (Table 5). The only difference regarding the 
number of job responsibilities was related to years of ex-
perience. Those PTs with greater than 15 years of experi-
ence had statistically more job responsibilities than those 
with less than 15 years of experience, suggesting cumu-
lative experience may influence career advancement more 
than gender or credentials. 

Roles And Responsibilities Of The Physical Therapist In Collegiate Athletics: Results Of A National Survey

International Journal of Sports Physical Therapy



Table 5. Summary statistics and results from group comparisons between males and females            

Males Females p-value (95% CI) 

mean (SD) mean (SD) 

Years in college athletics 10.51 (10.48) 7.37 (5.43) 0.418 (-2.99, 1.00) 

Number of job duties 3.23 (1.57) 3.20 (1.70) 0.988 (-1.0, 1.0) 

 

PT/AT PT 

mean (SD) mean (SD) 

Years in college athletics 11.25 (10.49) 7.62 (7.09) 0.110 (-3.99, 0.001) 

Number of job duties 3.47 (1.65) 2.97 (1.53) 0.080 (-1.0, 0.001) 

 

PTs >15 years PTs <15 years 

mean (SD) mean (SD) 

Number of job duties 3.56 (1.66) 2.96 (1.52) 0.031 (-1.0, -0.01) 

SD: standard deviation; CI: confidence interval; PT: physical therapist; AT: athletic trainer; PT/AT: PT who is also an AT 

OCCUPATIONAL CHARACTERISTICS 

The data from the present study demonstrate that most 
PTs provide care for NCAA Division I athletes rather than 
other NCAA divisional levels or NAIA programs (Table 1). 
This finding mirrors previous studies that Division I pro-
grams staff significantly more full-time and part-time ATs 
than Division II, Division III, and NAIA programs; specifi-
cally, the average number of full-time ATs per department 
at the Division I, Division II, Division III, and NAIA levels 
were 10.4, 3.8, 3.3, and 2.4 respectively.1,15 In addition, the 
ratio of student-athletes to AT increases significantly be-
tween Division I and Division III. In Division I, the ratio of 
student-athletes to AT averages 58:1. In Division II and III, 
the ratio of student-athletes to AT increases to 118.3:1 and 
137.5:1, respectively.1 As such, one could argue that the Di-
vision II and III levels present an opportunity for PTs wish-
ing to support college athletes with potentially fewer re-
sources. 

The results found that PTs in collegiate athletics are em-
ployed in various ways. Half of all respondents are em-
ployed within the academic institution, either as an em-
ployee of the athletic department or employee of an 
academic department (Table 2). Forty-three percent of re-
spondents reported being employed by a health care com-
pany. As such, the respondents are nearly split equally be-
tween being employed by a health care company or being 
employed by the academic institution. This variation in em-
ployer category suggests that each athletic department may 
have unique resources and relationships that dictate their 
staffing models and that a variety of models may be viable. 

Interestingly, 91% of respondents provide care for the 
athlete in the athletic training room either exclusively 
(61%) or in a combined on-site/off-site model (30%) (Table 
2). However, to collaborate effectively across the team and 
raise the visibility of physical therapy, the ability to provide 
on-site care may be an important trend to facilitate real-
time communication and collaboration. 

LIMITATIONS 

This survey has several limitations that should be ad-
dressed. First, the survey was disseminated via the AASPT 
website and electronic communication; therefore, identify-
ing non-AASPT members practicing in the collegiate set-
ting was difficult. Further, it is likely that all genders of PTs 
working in collegiate athletics were not fully accounted for 
in the survey. The survey question requesting self-identifi-
cation was developed in line with how demographics are re-
ported for the AASPT but are not in keeping with current 
best practices, i.e. using questions that use gender confir-
matory language to permit self-identification of gender in 
a more inclusive manner. Individuals who do not identify 
as male or female may have not responded to the survey 
for that reason alone and are therefore under-represented 
in the results. Further, no demographics of race or ethnic 
background were accounted for in the study. This informa-
tion would be helpful to further identify areas for growth 
and inclusion in the collegiate athletics settings. Doing so 
would likely improve outcomes amongst the diverse popu-
lation of collegiate athletes served by PTs. Lastly, the sur-
vey was conducted during the COVID-19 pandemic, which 
may have affected the response rate or altered the roles 
of those participating in the study at the time. Further re-
search should include deeper insights into demographic in-
formation (gender, race, ethnicity, education), specific in-
terventions performed, detailed job descriptions, and 
service locations. A qualitative study seeking deeper under-
standing of these aspects of practice as well as monitoring 
these data longitudinally will provide useful information on 
how PTs can improve care in collaboration with collegiate 
sports health care teams. 

CONCLUSIONS 

The results of this survey research highlight demographic, 
occupational characteristics, roles, and responsibilities of 
PTs providing care in collegiate athletics sports medicine in 
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the United States. Themes that appeared were the under-
representation of female professionals, variability of cre-
dentials and post-professional PT education, and a smaller 
presence in Division II, III, and NAIA institutions. Com-
monality was found regarding use of treatment methods 
such as rehabilitation exercise, sports performance en-
hancement, and manual therapy. Given the rising emphasis 
of interprofessional collaboration within collegiate athlet-
ics sports medicine teams, it appears PTs provide a unique 
skillset that can support student athletics and their health-
care colleagues. Further research into other team members’ 
perspective of PTs in collegiate athletics sports medicine 
may help to define and maximize the efficacy of PT practice 
in this setting. Financial and administrative models need to 
be better understood to ensure long term sustainability of 

these roles. As the field of sports medicine evolves to im-
prove collaborative care, this survey highlights the current 
roles and responsibilities of the PT working in the colle-
giate athletics sports medicine setting and serves as a start-
ing point for further understanding and development of the 
sports PT specialty. 
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Background  
Instrument-assisted soft tissue mobilization (IASTM) is a commonly utilized intervention 
for musculoskeletal pain and dysfunction. However, little is known regarding the 
reliability of forces applied by clinicians of different experience levels during an IASTM 
intervention. 

Purpose  
The purpose of this pilot study was to assess intra-clinician reliability of IASTM force 
(i.e., mean normal force) during a simulated, one-handed stroke IASTM intervention 
across different levels of IASTM clinical experience. 

Design  
Descriptive laboratory study. 

Methods  
The researchers conducted a repeated measures trial in a laboratory setting with a 
convenience sample of ten participants who had previously completed professional 
IASTM training. Participants performed 15 one-handed sweeping strokes with an IASTM 
instrument on a skin simulant attached to a force plate for a standardized hypothetical 
treatment scenario. The participants performed the treatment on two separate days, 
24-48 hours apart. The researchers examined the intra-rater reliability for average 
(mean) normal forces using Bland-Altman (BA) plots and Coefficient of Variation (CV) 
values. 

Results  
The BA plot results indicated all participants (professional athletic training students = 4, 
athletic trainers = 6; males = 5, females = 5; age = 32.60 ± 8.71 y; IASTM experience = 3.78 
± 4.10 y), except participant D (1.9N, 190g), were consistently reliable within 1N (100g) or 
less of force for mean differences and within the maximum limits of agreement around 
3.7N (370g). Most participants’ CV scores ranged between 8 to 20% supporting reliable 
force application within each treatment session. 
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Conclusion  
The data indicated that IASTM trained clinicians could produce consistent forces within 
and across treatment sessions irrespective of clinical experience. 

Level of Evidence    
3 

INTRODUCTION 

Instrument-assisted soft tissue mobilization (IASTM) is a 
commonly utilized intervention for musculoskeletal pain 
and dysfunction.1–4 The use of instruments is thought to 
provide a mechanical advantage to transmit greater, and 
more controlled load to mobilize soft tissue restriction or 
myofascial adhesion than manual massage.1–3 The more 
targeted force transmission is thought to result in soft tis-
sue healing, collagen repair, resolution of scar tissue, and 
connective tissue remodeling.1–7 Further, IASTM is also 
thought to minimize clinician fatigue and enhance clinician 
detection of soft tissue anomalies.1–7 

Multiple theories regarding the mechanism of effect of 
IASTM have been proposed, with mechanical and neuro-
physiological theories often being cited. Mechanical theory 
advocates often suggest that IASTM provides pressure and 
shearing forces to release and address adhesions, fascial 
restriction, and scar tissue facilitated through the inflam-
matory phase of the tissue healing process.6–9 Neurophys-
iological theory advocates, in contrast, propose IASTM 
causes stimulation of both the high and low threshold 
mechanoreceptors.10–12 The stimulation also activates the 
ascending afferent pathways that signal the natural physi-
ological response of the body, causing blood flow changes 
and mechanoreceptor activity after an IASTM session.10–12 

The selected IASTM approach or tools may also activate 
different mechanoreceptors (e.g., Pacinian corpuscles, 
Meissner corpuscles, Merkle’s disks) based on force applied, 
instrument weight, bevel or angle degree, or stroke varia-
tions (e.g., stroke speed).10–12 

Clinicians have several IASTM instruments and training 
programs available to them, including, but not limited to, 
Técnica Gavilán®, RockBlades®, Edge Mobility System™, 
Fascial Abrasion Technique™, and the Graston Tech-
nique®.2,7 Several IASTM companies offer training pro-
grams with specific protocols, while others do not promote 
specific protocols or require training for instrument pur-
chase.2,7 Little is known regarding how differences in man-
ufactured IASTM instruments (e.g., instrument weight, 
beveling, number of edges, etc.), variations in IASTM train-
ing, or proposed manufacturer IASTM treatment protocols 
influence force production during treatment or patient out-
comes.2–7 The lack of evidence-based guidelines, inconsis-
tencies in required IASTM clinician training prior to instru-
ment purchase, irregularities across training programs, and 
variations within IASTM treatment variables (e.g., force 
applied, instrument weight, instrument bevel, treatment 
goals, etc.) may lead to inconsistencies in IASTM applica-
tion in research and clinical practice.1,2,7 

Currently, research is limited in determining the amount 
of force and the reproducibility of that force during the 

IASTM application. Researchers6,8,9,12–14 have more com-
monly quantified IASTM force application in animal model 
studies. Studies conducted on rodent ligaments with short 
durations of approximately 250-300 grams (g; ~2-3 new-
tons [N]) of downward force have demonstrated enhanced 
soft-tissue healing.8,9 Gehlsen, Gannon, and Helfst14 also 
reported short durations of increased forces ranging from 
0.5N (50g) to 1.5N (150g) enhanced fibroblast proliferation. 
However, it is not well understood how the forces used in 
the animal model studies compare to IASTM forces used 
in clinical practice, how these published results have in-
fluenced clinical practice, or how different forces influence 
treatment outcomes. 
To date, the IASTM forces used in human trials have 

been less commonly quantified or estimated, and the forces 
reported have varied more widely than those used in the 
animal model studies. Light force, as estimated by the 
weight of an IASTM tool (i.e., ~208g, ~2N) without assess-
ment of the actual force applied during treatment, has been 
used as an estimate for pressure during treatment; the light 
pressure was concluded to have improved pain pressure 
threshold in participants with delayed onset muscle sore-
ness.6 In contrast, Vardiman et al.13 documented force pro-
duction and reported large treatment force ranges (mean 
and peak pressure) varying from 2-9N (200-900g) within a 
treatment session; the use of IASTM in this scenario did 
not result in significant changes in range of motion, maxi-
mum voluntary contraction peak torque, and change in in-
flammatory markers in healthy participants. As minimal re-
search regarding force used during IASTM exists in human 
trials to guide evidence-based guidelines for IASTM appli-
cation, clinicians may be challenged to select an appropri-
ate treatment force and may rely on their IASTM training 
or personal preference to guide treatment application. Re-
cently, IASTM trained clinicians indicated that it is com-
mon to deviate from the recommendations of their IASTM 
training or to not consider the amount of force applied dur-
ing IASTM treatment.15 Thus, it may also be challenging to 
confirm that IASTM force application is consistent within a 
treatment session or across treatment sessions. 
Currently, few researchers have examined the amount 

of force clinicians utilize while treating patients, the con-
sistency of IASTM force application within or across treat-
ments, or how IASTM force application consistency may 
vary by clinician experience. Given the lack of IASTM force 
research, the variability of forces reported in the literature, 
and the clinician-noted deviations from training recom-
mendations, it is valuable to evaluate clinician-applied 
IASTM force and the reliability of those forces across treat-
ment sessions. Therefore, the purpose of this pilot study 
was to assess the intra-clinician reliability of IASTM forces 
(i.e., mean normal force) during a simulated, one-handed 
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stroke IASTM intervention among clinicians with different 
levels of IASTM and professional experience. 

METHODS 
DESIGN 

The University of Idaho Institutional Review Board ap-
proved the pilot study and informed consent was provided 
by participants prior to study participation. A repeated 
measures trial was conducted at a university research bio-
mechanics laboratory. All participants were provided with 
an identical standardized treatment scenario and in-
structed to perform the IASTM treatment using the Técnica 
Gavilán® instrument Ala (Tracy, CA; Ala, mass: 196g) as 
they would in clinical practice. A total of 15 one-handed 
strokes were completed across two data collection days; the 
average normal forces (i.e., the average force perpendicu-
lar to the treatment plane from the beginning to end of a 
single stroke) in newtons (N) were recorded for each IASTM 
stroke applied. 

PARTICIPANTS 

This study included a convenience sample of ten partic-
ipants (five females and five males; six certified athletic 
trainers and four athletic training students) who had com-
pleted at least one professional IASTM course prior to study 
participation. All participants had completed the introduc-
tory course offered by Técnica Gavilán®, while one of the 
participants had also completed additional IASTM courses 
(e.g., RockBlades® courses). Participants had a mean age of 
32.60 ± 8.71 years and a mean IASTM experience of 3.78 ± 
4.10 years. 
Participant experience was classified into five categories: 

1st Year Professional Student (i.e., student in their 1st year 
of professional program who completed their first IASTM 
course within the prior six weeks), 2nd Year Professional 
Student (i.e., student in their 2nd year of professional pro-
gram with one year of IASTM experience after completing 
their first IASTM course), Early Career Clinician (i.e., cre-
dentialed clinician with less than five years of IASTM ex-
perience post-completion of their first IASTM course), In-
termediate Experienced (Exp.) Clinician (i.e., credentialed 
clinicians with five to nine years of IASTM experience post-
completion of their first IASTM course), and Established 
Clinician (i.e., credentialed clinician with 10 + years of 
IASTM experience post-completion of their first IASTM 
course). 

INSTRUMENTATION 

Participants applied IASTM forces to a skin simulant (Com-
plex Tissue Model, Simulab Corporation©, Seattle, WA) of 
1-inch thickness designed to replicate skin, subcutaneous 
fat, fascia, and pre-peritoneal fat that was attached to a 
6"x6" force plate (HE6x6, AMTI©, Watertown, MA). The 
force plate was calibrated between each participant and raw 
data from the force plate were recorded at a rate of 500Hz 
using NetForce software (v. 3.5.3, AMTI©, Watertown, MA). 

Data were processed in MATLAB (v. 2019b, Natick, MS) and 
filtered using a 10Hz low-pass Butterworth filter to deter-
mine the beginning and end of each stroke. The skin simu-
lant attached to a force plate was then stabilized on a treat-
ment table for data collection (Figure 1). 
The Técnica Gavilán® instrument Ala has also been used 

in prior studies.1,2,7,16 The weight of the instrument is 
196g. The Técnica Gavilán® instrument is a stainless-steel 
tool with a single beveled edge which allows unilateral 
strokes by the clinician (Figure 2). The same instrument 
was used for consistency among clinicians and sessions. 

PROCEDURES 

All participants completed a familiarization protocol (i.e., 
practiced five one-handed strokes with the instrument on 
the skin simulant) before beginning the testing protocol. 
Participants were allowed to add their desired amount of 
emollient to the skin simulant and to practice strokes on 
the simulant/force plate until the participant reported feel-
ing comfortable applying an IASTM treatment on the appa-
ratus. Participants were then provided with a standardized 
treatment scenario for the medial gastrocnemius: an other-
wise healthy patient experiencing gastrocnemius tightness 
who they examined to confirm that an IASTM application 
was indicated. 
Once the familiarization protocol was completed, partic-

ipants then applied five one-handed, unilaterally directed 
sweeping strokes (distal to proximal) to the skin simulant 
with the IASTM instrument, emulating as closely as pos-
sible a typical patient treatment application for the sim-
ulated scenario. Participants lifted the instrument off the 
simulant between strokes to identify individual strokes 
more efficiently during data processing. The participant se-
lected the direction (i.e., distal-to-proximal or proximal-
to-distal) that felt most natural to them, and ultrasound gel 
could be added as emollient as needed during treatment. 
The testing protocol was repeated three times, for 15 to-

tal strokes with the Técnica Gavilán® instrument (Figure 
2) on two testing days. A total of 30 complete treatment 
strokes per participant were collected over the two treat-
ment sessions. The second treatment session occurred be-
tween 24 and 48 hours after the initial testing session for 
all participants. 

STATISTICAL ANALYSIS 

Coefficient of variation (CV) and descriptive statistics were 
calculated in Excel 16.46 (Microsoft©, 2021). The mean 
force (Newtons N) was defined as the average of the vertical 
forces produced across the entire length of a single stroke 
and divided by the number of trials (Table 1). Coefficient 
of variation ([SD/Mean]*100) was calculated over two days 
for individual participants and the total strokes with the 
Técnica Gávilan® instrument (Table 1). Lower CV values 
corresponded to higher reliability; CV values ≤ 20% were 
preferred,17,18 but values ≤ 30% were also considered low 
enough to indicate data homogeneity.19 Box and whisker 
plots were created to compare average (mean) forces be-
tween two treatment session days (Figure 3). 
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Figure 1. Skin simulant Setup.    
Complex Tissue Model (Simulab Corporation©, Seattle, WA) attached to a force plate (HE6X6, AMTI©, Watertown, MA) 

Bland-Altman (BA) plots (Figure 4) were constructed for 
each participant to determine the agreement between the 
average (mean) forces applied over the two-day treatment 
sessions. The BA plots were created with data points from 
the Técnica Gávilanâ instrument. The BA plots were con-
structed with R 3.6.2 (The R Foundation for Statistical Com-
puting Platform, 2019) and the BlandAltmanLeh (v0.3.1; 
Lehnert, 2015) software package. The BA plots were pre-
sented with mean differences, 95% limits of agreement 
(LOA), and the precision of those limits (e.g., 95% confi-
dence intervals). 

RESULTS 

The average forces produced across all 10 participants 
ranged from 1.6 to 9.0N (~160-900g). The highest average 
force was produced by Participant D (7.1-9.0N; 720-900g). 
The sample of participants demonstrated relatively small 

Figure 2. Técnica Gavilán® Instrument    Ala  (Tracy, CA;   
Ala, mass: 196g) (Front & Back)       

standard deviations (SD) in their mean force application for 
day one (≤ 1.2N; 120g) and day two (≤ 1.6N; 160g). The 
highest mean differences value for average force was also 
found with Participant D (1.9N; 190g), while the other par-
ticipants had mean differences of 1N (100g) or less. Box and 
whisker plots also support similar force application among 
participants across Day 1 and Day 2 (Figure 3). 
Only one CV value was above 20% (i.e., 23%) for any par-

ticipant across either of the two treatment sessions, with 
the other 19 values ranging between 8 to 20% (Table 1). The 
CV values indicate acceptable consistency among the forces 
within an IASTM treatment session. The BA plot analy-
sis suggested that all ten participants demonstrated agree-
ment with average force production over Day 1 and Day 2 
treatment sessions. Forces from all participants reflect that 
98% of the data points were within the LOA. When assess-
ing each participant, the LOA for average forces were nar-
rowest for participant E (-0.6N, 0.3N; 60g, 30g) and widest 
for participant D (-3.7N, -0.2N;37g, 20g). The consistent 
findings within the box and whisker plots in a simulated 
model with a single stroke, combine with low CV values and 
acceptable BA plot results supports acceptable IASTM force 
application reliability. 

DISCUSSION 

The researchers investigated the ability of clinically ex-
perienced (i.e., licensed professionals) and non-clinically 
experienced (i.e., professional-level student) participants 
to reliably apply IASTM forces during a simulated treat-
ment scenario. Participants who had at least completed the 
same IASTM training courses (i.e., the introductory IASTM 
Técnica Gavilánâ basic training course) were able to pro-
duce consistent treatment forces within and across the two 
treatment sessions. The box and whisker plots, CV values, 
and BA plots indicated the IASTM trained clinicians in this 
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Table 1. Participant Reliability   

Participant Category Mean Force (N) SD (N) CV (%) (N) BA 
Mean 

Diff. (N) 

BA 
Avg. Forces 

(N) 
95% CI 

Upper/Lower 

Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 

1st Year Professional 
Student 
 Participant A 
 Participant B 

2.6 
2.5 

2.5 
2.2 

0.3 
0.3 

0.5 
0.5 

10 
10 

18 
23 

0.1 
0.4 

-0.9, 1.0 
-0.7, 1.4 

2nd Year Professional 
Student 
 Participant C 
 Participant D 

2.8 
7.1 

2.5 
9.0 

0.5 
1.1 

0.4 
1.2 

18 
15 

18 
14 

0.4 
-1.9 

-0.5, 1.2 
-3.7, -0.2 

Early Career 
Clinician 
 Participant E 
Participant F 

1.6 
3.4 

1.8 
3.3 

0.1 
0.4 

0.2 
0.4 

9 
14 

10 
12 

-0.2 
0.1 

-0.6, 0.3 
-0.8, 1.0 

Intermediate Exp. 
Clinician 
 Participant G 
 Participant H 

3.6 
2.0 

4.0 
2.3 

0.6 
0.4 

0.8 
0.2 

17 
20 

19 
8 

-0.5 
-0.3 

-1.5, 0.6 
-1.0, 0.4 

Established Clinician 
 Participant J 
 Participant K 

2.7 
5.0 

3.7 
4.9 

0.4 
0.7 

0.4 
0.5 

14 
14 

11 
10 

-1.0 
0.1 

-1.7, -0.3 
-1.5, 1.7 

Mean Force equals the average force from all 15 strokes from all particiants for Day 1 and Day 2. Coefficient of variation (CV) was calculated as the ([SD/Mean]*100). Bland-Altman 
(BA) analysis, mean differences and 95% confidence intervals for the limits, are also presented. For reference: 2.5 newtons (N) = 250 grams (0.55 lbs), 2N = 204 grams (0.45 lbs), 1.0 
newtons (N) = 100 grams (0.22 lbs) and 0.02N = 2 grams (0.004 lbs). 

Figure 3. Box and Whisker Plots.     
Box and whisker plots for average force (Fmean) in Newtons for each of the 15 strokes for each participant over Day 1 (dark box) and Day 2 (light box) treatment sessions. Black dots 
indicate potential force outliers from an individual stroke. 
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Figure 4. Mean Forces (N).    
Bland-Altman plots for mean forces (N) for all participants Mean force equals the average force from each of the 15 strokes for Day 1 and Day 2. Each data point plotted denotes the 
vicinity to zero of a given difference plotted relative to the average value of the Day 1 and Day 2 measurements. 
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sample developed and maintained sufficient force consis-
tency after completing an IASTM training course irrespec-
tive of their clinical experience levels. 
The IASTM force ranges found in the study of 1.6N 

(160g) to 9N (900g) are similar to prior reported ranges of 
2N (200g) to 9N (900g) to the posterior leg of human par-
ticicipants.13 The force ranges are also consistent with a 
descriptive study where researchers analyzed IASTM forces 
using similar methodology (i.e., analyzed IASTM stroke ap-
plication on a skin simulant affixed to a force plate for mean 
and peak normal forces) and reported an average mean nor-
mal forces of 6N (600g) and peak normal forces of 8.9N 
(890g) across various instruments and professional clini-
cians.16 Evidence elucidating how IASTM force differences 
(e.g., force range, force peaks) influence physiological out-
comes in human trials is not available. Animal models8,9,14 

suggest a relationship between increased tissue healing and 
higher levels of force; however, the scenarios (e.g., enzyme 
induced injuries, smaller and more superficial tissue) and 
the IASTM forces (i.e., substantially lower) may not serve as 
good models for potential human trial results. 
These pilot study results provide initial support that 

clinicians who complete similar IASTM training may pro-
duce similar force across IASTM treatment sessions. How-
ever, these results are limited to similarly trained IASTM 
clinicians. Thus, it would be beneficial to confirm IASTM 
force consistency in a larger sample of clinicians and to ex-
amine how different training influences IASTM force pro-
duction ranges and consistency. Determining how IASTM 
force treatment ranges and IASTM training differences may 
or may not result in different physiological responses or pa-
tient outcomes at different IASTM dosages (e.g., amount of 
force, length force is applied) would help guide best-prac-
tice recommendations for IASTM application. 
The pilot study results also expand on previous find-

ings13,16 that provided insight into the amount of force that 
may be produced during an IASTM intervention to the me-
dial gastrocnemius in otherwise healthy people by report-
ing the reliability of those forces and if clinician experi-
ence substantially influenced force reliability. The current 
data suggests that trained Técnica Gavilánâ IASTM clini-
cians produce consistent forces within 1N (100g) of force 
application without requiring extensive experience post-
IASTM training. Although current research is indetermi-
nate regarding an optimal force application for IASTM, the 
current findings and previous research13,16 indicate that 
IASTM trained clinicians may produce similar and consis-
tent forces within and across IASTM treatment sessions. 
While clinicians have indicated that they may not try or 
know how to quantify forces during an IASTM treatment,15 

the results provide some data to indicate that clinicians 
may still be able to apply a relatively consistent force dur-
ing the treatment session. 

There were a few limitations identified in the pilot study. 
One limiting factor was the relatively small sample size of 
ten participants with similar training background (i.e., Téc-
nica Gavilánâ basic course), which may have influenced the 
forces participants applied during treatment sessions. An-
other limitation was using a single IASTM instrument and 
a single IASTM stroke; using different treatment strokes 
or IASTM instruments may influence force production and 
reliability. Additionally, the researchers methodology in-
cluded the use of a simulated tissue on a force plate versus 
actual patients; while force measurement may be more ac-
curate with the use of force plate technology, the amount of 
force used on the skin simulant may differ from human tis-
sue that is pathological or healthy. Further, force applica-
tion may vary by other clinical variables (e.g., table height, 
treatment goals, etc.) and the reported values may not be 
representative of all clinical scenarios or all clinicians. Fu-
ture research should explore how different IASTM training, 
length of experience using IASTM, and clinicians’ percep-
tions of IASTM mechanisms or treatment effects influences 
IASTM force production and reliability. Finally, as a stan-
dardized IASTM optimal force recommendation does not 
exist in practice, future research should also explore the 
ranges described in the literature to determine how differ-
ent amounts of IASTM force application and instrument 
technique affect treatment outcomes in clinical practice. 
This exploratory study provides insight and guidance for 
future studies on IASTM force application with patients. 

CONCLUSION 

The results of this pilot study provide insight into the 
amount of force and the consistency of forces during IASTM 
applied by trained clinicians with different levels of pro-
fessional experience within a simulated treatment scenario. 
The participants demonstrated acceptable consistency 
within and across the two treatment sessions. Thus, clini-
cians who complete similar IASTM training may be able to 
quickly develop consistent force production during IASTM 
treatments and may be able to maintain that consistency 
across their careers. 
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Background  
Traumatic shoulder instability is a common injury in athletes and military personnel. 
Surgical stabilization reduces recurrence, but athletes often return to sport before 
recovering upper extremity rotational strength and sport-specific abilities. Blood flow 
restriction (BFR) may stimulate muscle growth without the need for heavy resistance 
training post-surgically. 

Hypothesis/Purpose  
To observe changes in shoulder strength, self-reported function, upper extremity 
performance, and range of motion (ROM) in military cadets recovering from shoulder 
stabilization surgery who completed a standard rehabilitation program with six weeks of 
BFR training. 

Study Design   
Prospective case series 

Methods  
Military cadets who underwent shoulder stabilization surgery completed six weeks of 
upper extremity BFR training, beginning post-op week six. Primary outcomes were 
shoulder isometric strength and patient-reported function assessed at 6-weeks, 
12-weeks, and 6-months postoperatively. Secondary outcomes included shoulder ROM 
assessed at each timepoint and the Closed Kinetic Chain Upper Extremity Stability Test 
(CKCUEST), the Upper Extremity Y-Balance Test (UQYBT), and the Unilateral Seated 
Shotput Test (USPT) assessed at the six-month follow-up. 

Results  
Twenty cadets performed an average 10.9 BFR training sessions over six weeks. 
Statistically significant and clinically meaningful increases in surgical extremity external 
rotation strength (p < 0.001; mean difference, .049; 95% CI: .021, .077), abduction 
strength (p < 0.001; mean difference, .079; 95% CI: .050, .108), and internal rotation 
strength (p < 0.001; mean difference, .060; CI: .028, .093) occurred from six to 12 weeks 
postoperatively. Statistically significant and clinically meaningful improvements were 
reported on the Single Assessment Numeric Evaluation (p < 0.001; mean difference, 17.7; 
CI: 9.4, 25.9) and Shoulder Pain and Disability Index (p < 0.001; mean difference, -31.1; 
CI: -44.2, -18.0) from six to 12 weeks postoperatively. Additionally, over 70 percent of 
participants met reference values on two to three performance tests at 6-months. 
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Conclusion  
While the degree of improvement attributable to the addition of BFR is unknown, the 
clinically meaningful improvements in shoulder strength, self-reported function, and 
upper extremity performance warrant further exploration of BFR during upper extremity 
rehabilitation. 

Level of Evidence    
4, Case Series 

INTRODUCTION 

Traumatic shoulder instability is a common upper extrem-
ity injury.1 Incidence rates range from 23.9 per 100,000 per-
son-years in the general population2 to 435 per 100,000 
person-years in military cadets.3,4 Surgical stabilization re-
duces recurrence and improves self-reported function com-
pared to conservative management for active young 
adults.5,6 Return to sport typically occurs six months post-
operatively, with time from surgery used as the primary 
measure of readiness.7 However, athletes often lack rota-
tional strength and upper extremity performance,8 with 
only 80% of athletes and 68% of overhead throwing athletes 
reaching their pre-injury play level.9 Since the rotator cuff 
stabilizes the humeral head within the glenoid, incomplete 
recovery of rotational strength may contribute to recurrent 
instability and failure to return to sport following shoulder 
stabilization surgery. 
Exercising with loads at 70-85% of one-repetition max-

imum improves muscle strength but is challenging, symp-
tom-producing, or sometimes even contraindicated follow-
ing surgery.10 Blood flow restriction (BFR) training uses a 
tourniquet to impede arterial inflow while occluding ve-
nous return, stimulating anaerobic metabolism without 
heavy resistance.11–14 Blood flow restriction training is safe 
and well-tolerated in the acute phase of tissue heal-
ing.11,14,15 Local physiologic adaptations from BFR training 
primarily occur in muscles distal to tourniquet placement. 
However, increased metabolite accumulation, selective re-
cruitment, cellular swelling, and myostatin down-regula-
tion may activate a systemic release of anabolic hormones 
− growth hormone and insulin-like growth factor-1 − sug-
gesting BFR training may stimulate muscle growth prox-
imal to tourniquet placement.1–5,13,16–19 Long occlusion 
times with combined aerobic and anaerobic exercise may 
add to the systematic release of anabolic hormones, further 
contributing to proximal muscular adaptations seen with 
BFR training.4–6 

Exercising with BFR is gaining popularity for upper ex-
tremity injuries,20–24 but its effectiveness following shoul-
der stabilization surgery requires additional exploration. 
Therefore, the purpose of this case series was to observe 
changes in shoulder strength, self-reported function, upper 
extremity performance, and range of motion (ROM) in mil-
itary cadets recovering from shoulder stabilization surgery 
who completed a standard rehabilitation program with six 
weeks of BFR training. 

METHODS 

This study was a prospective case series. Eligible partici-
pants were current military cadets, fluent in English, and 
within six weeks of shoulder stabilization surgery. Shoulder 
stabilization was defined as any procedure to tighten or re-
pair the glenoid labrum or glenohumeral ligaments. Par-
ticipants were excluded if they were immunocompromised; 
required general anesthesia for another medical procedure 
within six weeks of consent; underwent concomitant rota-
tor cuff repair; had a humeral neck or shaft fracture; or had 
a history of deep vein thrombosis, endothelial dysfunction, 
or bleeding disorders. 
Twenty-three military cadets, status-post shoulder sta-

bilization surgery were screened for eligibility and enrolled 
in the study (Figure 1). The most common surgical proce-
dure performed was a Bankart repair of the anterior-infe-
rior glenoid labrum. Of the 23 participants, three dropped 
from the study, with two failing to follow up within the re-
quired time points and one unable to receive BFR treat-
ments after enrollment due to COVID-19-related illness. 
Eighteen participants completed all follow-up assessments, 
with two graduating before the six-month evaluation. 

PHYSICAL THERAPIST 

A single physical therapist recruited, treated, and assessed 
the outcomes on all participants. The physical therapist 
was board certified in orthopedic physical therapy and a fel-
low in training at a Division 1 sports physical therapy fel-
lowship program. The physical therapist provided tailored 
manual therapy and home exercise programs addressing in-
dividual impairments as needed as part of standard rehabil-
itation. 

BLOOD FLOW RESTRICTION 

Blood flow restriction treatments began post-op week six 
when participants were cleared from ROM restrictions and 
permitted to begin isotonic resistance exercises. Partici-
pants performed two to three BFR treatments per week 
in addition to a standard rehabilitation protocol. A Delfi 
Personalized Tourniquet System (Delfi Medical Innovations 
Inc., Vancouver, Canada) was used to automatically regu-
late pressure with the tourniquet (18 x 4.5-inch contour 
cuff) applied to the upper brachium of the surgical extrem-
ity (Figure 2). Inflation time was set to 30 minutes, and 
limb occlusion pressure was set to 50%. The tourniquet re-
mained inflated during all exercises but did not exceed 30 
minutes per session. 
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Figure 1. Flow diagram of patient recruitment and retention        
Abbreviations: NPRS, Numeric Pain Rating Scale; SANE, Single Assessment Numeric Evaluation; SPADI, Shoulder Pain and Disability Index; QuickDASH, Quick Disabilities of Arm Shoulder 
and Hand; ROM, Range of Motion; USMA, United States Military Academy 

DETERMINING INTENSITY AND RESISTANCE 

Perceived exertion is a good indicator of physical strain and 
is used to help prescribe and regulate intensity during aer-
obic and anaerobic training.25–29 Participants were given a 
Rating of Perceived Exertion (RPE) scale at the beginning 
of each treatment.29 Before applying the tourniquet, par-

ticipants performed a few repetitions of each exercise with-
out BFR on both extremities to determine the load-RPE for 
their working sets.26 For their surgical extremity, partici-
pants selected a resistance at an RPE between seven (ex-
tremely light) to nine (very light), corresponding to 30% 
of a one-repetition maximum effort.26 This was used as 
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Figure 2. The Blood Flow Restriction tourniquet was       
applied to the upper brachium of the surgical         
extremity  

the starting resistance for their surgical extremity. On their 
non-surgical extremity, participants performed the same 
procedure but selected a resistance at an RPE between 15 
(hard) to 17 (very hard), corresponding to between 70% 
to 90% of a one-repetition maximum effort.26 Participants 
were permitted to adjust the resistance as needed but were 
instructed to keep pre-BFR resistance within the predeter-
mined RPE ranges. 

AEROBIC EXERCISE 

Participants began treatment with an upper body cycling 
exercise on a Biodex Upper Body Cycle (UBC) (Model 
950-138, Shirley, New York). Participants cycled forward at 
their self-selected pace for five minutes at a pre-BFR resis-
tance RPE between nine (very light) to eleven (light).27 

STRENGTH EXERCISES 

Participants performed three strengthening exercises tar-
geting the rotator cuff and periscapular musculature: re-
sisted external rotation, scapular retraction with shoulder 
extension, and scapular plane abduction. A Keiser Func-
tional Trainer (Keiser Corp model 003025.15, Fresno, CA) 
was used to adjust resistance and transition between ex-
tremities and exercises easily. For the surgical extremity, 
four sets of each exercise were performed using the 
30-15-15-15 repetition method recommended by Patterson 
et al.14 For the non-surgical extremity, four sets of 12 rep-
etitions were performed without BFR. Participants alter-
nated between extremities completing one exercise before 
moving to the next. If participants failed to complete all ex-
ercises in the allotted 30 minutes, the tourniquet was re-
moved, and participants finished the remaining exercises 
without BFR. 

OUTCOME MEASURES 

Primary outcomes included shoulder isometric strength 
and patient-reported function measured from the surgical 
date at three follow-up assessments: six weeks, 12 weeks, 
and six months. Secondary outcomes included physical 
function assessed by performance tests during the six-
month follow-up and shoulder active range of motion mea-
sured at six weeks, 12 weeks, and six months postopera-
tively. 

ISOMETRIC STRENGTH 

The physical therapist assessed isometric shoulder external 
rotation, internal rotation, and abduction strength using 
a hand-held dynamometer (Microfet 2, Hoggan Health In-
dustries Inc. Draper, UT, USA). Hand-held dynamometry is 
reliable and has concurrent validity with isokinetic test-
ing while being practical in a clinical setting.30 Participants 
performed a submaximal effort at 50% before performing 
two test efforts in each position. Test efforts consisted of 
a five-second maximal contraction. The surgical extremity 
was tested before the non-surgical extremity. Strength was 
normalized by dividing the average force in kilograms pro-
duced by kilograms of body mass and then compared to the 
contralateral extremity. For analysis, a percent change of 
15% is considered clinically meaningful.31 

External and internal rotation strength was assessed in 
the supine position with the shoulder in 45 degrees of ab-
duction (Figure 3). This position stabilizes the scapulotho-
racic articulation and is described as the optimal position 
to reduce the coefficient of variation.32–34 A bolster was 
placed under the elbow to maintain neutral shoulder flex-
ion and extension and between the arm and trunk to main-
tain 45 degrees of abduction.34 The hand-held dynamome-
ter was positioned proximal to the styloid process of the 
wrist joint. 
Abduction strength was assessed with the participant 

seated on the plinth with their shoulder abducted 45 de-

Figure 3. Handheld dynamometry testing for shoulder      
external rotation   
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Figure 4. (A) Closed Kinetic Chain Upper Extremity Stability Test (CKCUEST), (B) Upper Quarter-Y-Balance Test              
(UQYBT), (C) Unilateral Seated Shotput Test (USPT).        

grees in the scapular plane.34 The hand-held dynamometer 
was placed proximal to the elbow. 

PATIENT-REPORTED FUNCTION 

Participants completed the Numeric Pain Rating Scale 
(NPRS), the Single Assessment Numeric Evaluation (SANE), 
the Shoulder Pain and Disability Index (SPADI), and the 
modified Disability Arm Shoulder Hand (QuickDASH) at 
each follow-up assessment. The NPRS assessed pain inten-
sity on an 11-point scale (zero being no pain and ten be-
ing the worst). The NPRS is reliable, valid, and responsive, 
with a change of two or more considered clinically mean-
ingful.35 The SANE assessed shoulder function as a per-
centage of normal (zero being no function and 100% be-
ing normal). The SANE is reliable, valid, and responsive, 
with a change of 15% considered clinically meaningful.36,37 

The SPADI and QuickDASH are reliable, valid, and respon-
sive for assessing pain and disability for multiple shoulder 
conditions. A change of 18 points was considered clinically 
meaningful for the SPADI38,39 and 16 points for the Quick-
DASH.40–42 

PERFORMANCE TESTS 

Participants performed the CKCUEST (Figure 4a), the 
UQYBT (Figure 4b), and the USPT (Figure 4c) following iso-
metric strength testing at the six-month follow-up assess-
ment. The surgical shoulder was assessed before the non-
surgical shoulder for all tests. 
The CKCUEST is a reliable measure of upper extremity 

closed kinetic chain function.43 Participants assumed a 
standard push-up position with their hands placed inside 
two pieces of athletic tape measured 36 inches apart and 
their feet no more than 12 inches apart. When instructed, 
participants reached, alternating hands, touching the ath-
letic tape under the opposite hand. The total number of 
cross-body touches in 15 seconds was recorded. Partici-
pants performed a submaximal trial before performing 
three test efforts. An average of three efforts was used for 
analysis. Results were compared to reference values with 
a score of greater than or equal to 21 touches considered 
above average for healthy college-aged students.8,43–45 

The UQYBT is a reliable measure of unilateral upper ex-
tremity closed kinetic chain excursion.44,46 Participants as-
sumed a standard push-up position with their feet no more 
than 12 inches apart. Participants reached as far as possible 
in three directions with their free hand. Participants per-
formed three practice trials before performing three test ef-
forts.44 A total excursion score was calculated by summing 
the average of each reach direction. A composite score was 
calculated to normalize for limb length, taking the total ex-
cursion distance and dividing it by three times the upper 
limb length.44 Limb symmetry index (LSI) was then calcu-
lated by dividing the composite score of the surgical ex-
tremity by the composite score of the non-surgical extrem-
ity and then multiplying by 100. Scores were compared to 
reference values from a cohort of military cadets, with an 
LSI of 95% considered normal.44 

The USPT is a functional test of upper extremity power 
with good test-retest reliability in college male and female 
athletes.47,48 Participants sat with their back against a wall, 
feet flat on the floor, knees at a 90-degree angle, and their 
non-testing hand across their chest. In a pushing motion, 
participants maximally tossed a 2.72-kilogram medicine 
ball from shoulder height as far forward as possible while 
keeping their head, non-tested scapula, and back in contact 
with the wall. Participants performed three submaximal 
practice tosses before performing three test efforts. Using 
the methods described by Chmielewski et al., average 
scores were allometrically scaled ([distance (cm)/body mass 
(kg)]0.35) with body mass as the anthropometric measure.48 

The exponent 0.35 removed the influence of body mass, 
yielding a body size-independent measure.48 An LSI of 90% 
accounted for limb dominance and was considered nor-
mal.48 

ACTIVE RANGE OF MOTION 

Before isometric testing, the physical therapist measured 
active flexion, external rotation, and internal rotation using 
a digital inclinometer (Baseline Digital Inclinometer 
12-1057; Fabrication Enterprises INC, New York, USA). Par-
ticipants were positioned supine with their knees flexed, 
feet flat, and low back flush on a standard treatment plinth. 
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Table 1. Demographics, mean (SD)    

n Age (yrs) Sex (M/F) Height (cm) Weight (kg) Surgical Limb (R/L) Dominant Limb (R/L) 

20 21.3 (1.9) 17 / 3 178.3 (8.1) 79.9 (11.8) 13 / 7 19 / 1 

Abbreviations: M/F, male / female; R/L, right / left 

Measurement was recorded at the end of available active 
ROM (loss of test position or limitation due to pain). Two 
trials were completed bilaterally, with the average used for 
analysis. 
Shoulder flexion was measured with the digital incli-

nometer positioned on the arm between the olecranon 
process and axilla for flexion. External and internal rotation 
were measured in 90 degrees shoulder abduction, 90 de-
grees elbow flexion, and neutral forearm rotation.49,50 The 
distal half of the humerus was positioned off the plinth to 
allow for full ROM. The therapist applied manual anterior-
posterior pressure to the humeral head to decrease com-
pensatory movements.49,50 The digital inclinometer was 
placed on the forearm between the ulnar styloid process 
and the olecranon process.49 

DATA ANALYSIS 

Descriptive statistics, including central tendency and vari-
ability measures, were the primary means of analyzing 
data. A one-way, repeated-measures analysis of variance 
was used to analyze changes in all outcome measures over 
time. An alpha of .05 was set with time as the within-
subject factor. A Bonferroni correction was used for three 
planned pairwise comparisons to examine the differences 
between the various time points (α = .0167), with 95% con-
fidence intervals (CIs) calculated for mean differences. All 
data were analyzed using SPSS Version 28 for Windows 
software (SPSS Inc, Chicago, IL.). 

OUTCOMES 

Participant characteristics are summarized in Table 1. 

ISOMETRIC STRENGTH 

Participants experienced statistically significant improve-
ments in surgical extremity external rotation strength (F = 
10.0, p < 0.001), abduction strength (F = 25.8, p < 0.001), 
and internal rotation strength (F = 11.3, p < 0.001). Post hoc 
comparisons revealed statistically significant increases in 
external rotation strength, internal rotation strength, and 
abduction strength from six to 12 weeks (Table 2). From 
six weeks to 12 weeks, 17 of 20 participants achieved clin-
ically meaningful improvements in surgical extremity ex-
ternal rotation strength (Figure 5), 17 of 20 for abduction 
strength, and 14 of 20 for internal rotation strength. No sta-
tistically significant strength increases occurred in the non-
surgical extremity. 

PATIENT-REPORTED FUNCTION 

Participants experienced statistically significant improve-
ments in reported function measured by the SANE (F = 19.7, 
p < 0.001), the SPADI (F = 24.8, p < .0001) and the Quick-
DASH (F = 61.8, p < 0.001). Post hoc comparisons revealed 
statistically significant improvements and clinically mean-
ingful improvements on the SANE and SPADI from six to 
12 weeks and statistically significant improvements on the 
SANE, the SPADI, and QuickDASH from six weeks to six 
months (Table 3). From six to 12 weeks, 16 of 20 partici-
pants achieved clinically meaningful improvements on the 
SANE and 17 of 20 on the SPADI. 

PERFORMANCE TESTS 

Five of 18 participants met or exceeded reference values 
on all three performance tests, nine of 18 passed only two 
tests, three passed only one test, and one participant failed 
to pass a single test (Table 4). Only three of 18 participants 
met or exceeded reference values on all performance tests 
and had 90% limb symmetry for each isometric strength 
measure at the 6-month assessment. No performance test 
had a higher pass rate, as 12 of 18 participants met the ref-
erence value for each test. 

ACTIVE RANGE OF MOTION 

Participants experienced statistically significant improve-
ments in surgical extremity external rotation ROM (F = 
40.02, p < 0.001), flexion ROM (F = 33.56, p < 0.001), and 
internal rotation ROM (F = 16.7, p < 0.001). Post hoc com-
parisons revealed statistically significant improvements in 
surgical extremity ROM across all timepoints (Table 5). 

DISCUSSION 

This case series aimed to observe changes in shoulder 
strength, self-reported function, upper extremity perfor-
mance, and shoulder ROM in military cadets recovering 
from shoulder stabilization surgery who completed a stan-
dard rehabilitation program with six weeks of BFR training. 
To the authors’ knowledge, this is the first study to explore 
the addition of upper extremity BFR training to rehabili-
tation following shoulder stabilization surgery. Statistically 
significant and clinically meaningful improvements in 
shoulder strength and self-reported function were observed 
in participants who performed BFR training twice a week, 
beginning six weeks postoperatively. Most participants met 
or exceeded reference values on two upper extremity per-
formance tests. No adverse events occurred, and no partici-
pant discontinued BFR treatments. 
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Table 2. Surgical Extremity Isometric Strength, mean difference (95% CI)         

Isometric Strength Assessment Time Within-Group Difference† 

External Rotation 
6 weeks - 12 weeks 

12 weeks - 6 months 
6 weeks - 6 months 

.049 (.021, .077)* 

.002 (-.042, .046) 

.051 (-.006, .108) 

Abduction 
6 weeks - 12 weeks 

12 weeks - 6 months 
6 weeks - 6 months 

.079 (.050, .108)* 

.011 (-.060, .082) 

.068 (-.015, .151) 

Internal Rotation 
6 weeks - 12 weeks 

12 weeks - 6 months 
6 weeks - 6 months 

.060 (.028, .093)* 

.016 (-.043, .075) 

.045 (-.024, .113) 

*Significant post hoc comparisons, p<.0167 
†Normalized by body mass (strength in kg/body mass in kg) 

Figure 5. Surgical Extremity External Rotation Isometric Strength Measures by Participant at 6 and 12 weeks               
Abbreviations: ER, external rotation 
*Significant Post hoc comparisons<.0167 
^Represents the 15% improvement needed to reach a clinically meaningful change for each participant 

Table 3. Patient-Reported Outcomes, mean difference (95% CI)       

Patient-Reported Assessment Time Within-Group Difference 

SANE 
6 weeks - 12 weeks 

12 weeks - 6 months 
6 weeks - 6 months 

17.7 (9.4, 25.9)* 
12.2 (-.9, 25.2) 

29.8 (15.1, 44.6)* 

SPADI 
6 weeks - 12 weeks 

12 weeks - 6 months 
6 weeks - 6 months 

-31.1 (-44.2, -18.0)* 
-6.4 (-15.1, 2.3) 

-24.7 (-34.0, -15.5)* 

QuickDASH 
6 weeks - 12 weeks 

12 weeks - 6 months 
6 weeks - 6 months 

-6.9 (-9.2, -4.6)* 
-3.2 (-6.3, -.2)* 

-10.2 (-12.9, -7.6)* 

Abbreviations: SANE, Single Assessment Numeric Evaluation; SPADI, Shoulder Pain and Disability Index; QuickDASH, Disability Arm Shoulder Hand 
*Post Hoc Comparisons, p<0.0167 

Few studies have examined BFR training for the upper 
extremity, and even fewer have examined BFR training fol-
lowing an upper extremity musculoskeletal injury.20–24 In a 
randomized study of 32 healthy adults, Lambert et al. com-
pared BFR training to low-intensity exercise alone on rota-
tor cuff strength and endurance.23 After eight weeks of BFR 

training, the only statistically significant between-group 
change was increased internal rotation strength for par-
ticipants in the BFR group. Likewise, Brumitt et al. found 
no between-group difference in rotator cuff strength in 46 
healthy participants who performed BFR training compared 
to those who performed exercise alone.24 
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Table 4. Number of Participants who met or exceeded Reference Values on the Performance Tests              

CKCUEST, UQYBT, 
USPT 

CKCUEST, 
UQYBT 

CKCUEST, 
USPT 

UQYBT, 
USPT 

2 of 3 Tests Only 1 Test None 

5 2 4 3 14 3 1 

Abbreviations: CKCUEST, Closed Kinetic Chain Upper Extremity Stability Test; UQYBT, Upper Quarter Y-Balance Test; USPT, Unilateral Seated Shotput Test 

Table 5. Surgical Extremity Active Range of Motion, mean difference (95% CI)           

Range of Motion Assessment Time Within-Group Difference (degrees) 

External Rotation 
6 weeks - 12 weeks 

12 weeks - 6 months 
6 weeks - 6 months 

24.56 (13.20, 35.91)* 
20.94 (12.36, 25.53)* 
45.50 (32.11, 58.89)* 

Flexion 
6 weeks - 12 weeks 

12 weeks - 6 months 
6 weeks - 6 months 

20.94 (14.00, 27.90)* 
9.28 (2.37, 16.19)* 

30.22 (19.90, 40.55)* 

Internal Rotation 
6 weeks - 12 weeks 

12 weeks - 6 months 
6 weeks - 6 months 

15.11 (6.04, 24.18)* 
10.5 (2.86, 18.14)* 

25.61 (14.18, 37.04)* 

*Significant post hoc comparisons, p<0.0167 

In contrast, Bowman et al. found BFR training to be 
more beneficial than exercise alone in improving shoulder 
strength in 24 healthy adults.22 After six weeks of training, 
participants in the BFR group averaged 48%, 39%, and 33% 
improvement in shoulder scaption, flexion, and abduction 
isometric strength, respectively.22 Regarding rotational 
strength, participants in the BFR group averaged a peak 
torque improvement of 11% for internal rotation and 15% 
for external rotation.22 Participants in the BFR cohort per-
formed exercises with continuous BFR on one extremity 
and without BFR on the contralateral extremity, whereas 
Lambert et al. and Brumitt et al. had participants perform 
exercises on one extremity.22–24 

In the current study, surgical extremity external rota-
tion, abduction, and internal rotation strength improved 
by an average of 42%, 44%, and 40% from six weeks to 
12 weeks, whereas, the non-surgical extremity had a per-
cent change of six percent, seven percent, and minus seven 
percent respectively. Our BFR parameters were consistent 
in training frequency, tourniquet pressure, and restriction 
method outlined by a panel of experts in occlusion train-
ing.14 The protocol followed methods outlined by Cancio 
et al., who found 30 minutes of low load continuous BFR 
training at 50% limb occlusion pressure more beneficial in 
improving self-reported function than standard care alone 
in participants recovering from distal radius fractures.20 

Like Cancio et al., no participant in the current study dis-
continued BFR treatments. However, five participants in 
our study needed the limb occlusion pressure reduced from 
50% to 40% during the initial BFR treatment due to moder-
ate discomfort in the surgical extremity. 
Studies investigating a return to sport criteria following 

shoulder stabilization surgery have identified time from 
surgery as the most common indicator of readiness, with 
athletes typically cleared for sport between five to six 
months postoperatively.7,51 Wilson et al. used a battery of 
tests consisting of isokinetic strength testing and two func-

tional tests to assess return to play readiness in compet-
itive athletes six months following shoulder stabilization 
surgery.8 Only 20 of 43 athletes had an LSI of 90% for inter-
nal rotation strength, and only 12 of 43 had an LSI of 90% 
for external rotation strength.8 

The current study observed an LSI of 90% in 13 of 20 par-
ticipants for internal rotation strength and nine of 20 for 
external rotation strength at 12 weeks postoperatively. At 
six months, an LSI of 90% was observed in 12 of 18 par-
ticipants for internal rotation strength and 11 of 18 for ex-
ternal rotation strength. While Wilson et al. did not assess 
abduction strength, an LSI of 90% for abduction was ob-
served in 14 of 20 participants at 12 weeks and 13 of 18 at 
six months postoperatively. Despite the observed improve-
ments, only three of 18 participants had 90% limb symme-
try on all strength measures and met reference values on all 
performance tests at the six-month assessment, suggesting 
the need for further research to define the best return to 
sport criteria after shoulder stabilization surgery. 
Although the authors are uncertain of the mechanism of 

action and contribution that BFR had to the observed im-
provements in the current study, the results are promising 
and, at minimum, provide preliminary data for future stud-
ies. 

LIMITATIONS 

While statistically significant and clinically meaningful 
changes in shoulder strength and self-reported function 
were observed, a causal relationship between intervention 
and outcome cannot be assumed. The small sample size 
and lack of a control group mean observed changes may 
have been a product of time, the natural progression of the 
condition, or standard rehabilitation. The participants were 
homogenous regarding age, health, and activity level lim-
iting generalizability to populations outside of young ath-
letes. Furthermore, home exercise programs and manual 
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therapy were tailored to participants, possibly confounding 
the BFR-specific effects. 

CONCLUSION 

After shoulder stabilization surgery, significant improve-
ments in shoulder strength, self-reported function, and 
ROM were observed with six weeks of BFR training in 20 
military cadets. No participant discontinued the BFR treat-
ments, and no adverse events occurred. While the degree 
of improvement attributable to the addition of BFR is un-
known, the clinically meaningful improvements in shoulder 
strength, self-reported function, and upper extremity per-
formance warrant further exploration of BFR during upper 
extremity musculoskeletal rehabilitation. Future studies 
should include randomized control groups with and with-
out BFR and explore varying occlusion times to determine 
the effectiveness of adding BFR to standard postoperative 
rehabilitation. 
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Background  
Valgus extension overload syndrome (VEOS) of the elbow is a condition associated with 
overhead athletes. However, the non-surgical management of these individuals is not 
well documented. 

Purpose  
To discuss the unique presentation, management, and outcomes of an adolescent 
baseball player with a chronic history of VEOS experienced during hitting. 

Case Description   
A 15-year-old right-handed high school baseball catcher presented with a six-month 
history of right-sided ulnar elbow pain. Elbow MRI w/ contrast was consistent with VEOS. 
The initial examination demonstrated excessive resting right-sided humeral external 
rotation compared to his left. Valgus stress testing in the subject’s hitting position 
reproduced symptoms, which were alleviated with retest while correcting excessive 
humeral external rotation. Weakness of the humeral internal rotators and stiffness/
shortness of the posterior shoulder were found and thought to relate to the humeral 
contribution to his elbow movement dysfunction. Rehabilitation emphasized addressing 
impairments contributing to excessive humeral external rotation with reintegration into 
batting. 

Outcomes  
After five weeks of physical therapy, the subject returned to soft toss hitting at 
approximately 75% velocity for the first time since symptom onset, without pain. At 
seven months after discharge, a phone conversation confirmed that the subject had 
returned to baseball without limitations. 

Discussion  
Despite the concept of ‘regional interdependence’, common proximal impairments are 
often assumed to contribute to elbow pain without a clear biomechanical rationale. 
Future research demonstrating the specific biomechanical effects of the shoulder on the 
elbow is needed, in addition to more accessible examination strategies to assess their 
relationship. 
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Level of Evidence    
5 

BACKGROUND AND PURPOSE 

Valgus extension overload syndrome (VEOS) is a condition 
that results from impingement of the posteromedial tip of 
the olecranon process on the posteromedial wall of the ole-
cranon fossa. VEOS is common among overhead athletes 
such as baseball pitchers. During pitching, the elbow is said 
to be exposed to angular velocities up to 3000°/sec1 with 
valgus forces of 64 Nm, during late cocking, and compres-
sive forces of 500 N experienced at the lateral radiocapitel-
lar joint as the elbow rapidly moves from 120° of flexion to 
25° at ball release.2 

In 20-120° of flexion, the anterior bundle of the ulnar 
collateral ligament (UCL) is the primary restraint to valgus 
forces, when the elbow is moving into extension. Repeated 
valgus forces upon the UCL can lead to micro instability, 
resulting in excessive stress where the posteromedial por-
tion of the olecranon contacts the olecranon fossa. This 
stress can create osteochondritis dissecans (OCD) of the ca-
pitulum, UCL injuries, and pathology at the posteromedial 
compartment of the humeroulnar joint (i.e. osteophyte for-
mation, olecranon stress fractures, chondromalacia).3 

Osteochondritis dissecans occurs at the anterolateral or 
central capitulum almost exclusively, comprising 97.5% of 
OCD lesions of the elbow and is correlated with valgus 
stress and axial loading. Stable lesions (those with patency 
of the articular cartilage and subchondral bone) often re-
spond well to conservative treatment. Unstable lesions typ-
ically require procedures such as osteochondral autograft 
transplantation (OAT) or internal fixation. Return to sport 
is extremely variable after surgery, ranging from 62-100%.4 

Conservative treatment for associated UCL injury fo-
cuses on restoring glenohumeral internal rotation and 
strength of the axioscapular, rotator cuff, and flexor-prona-
tor musculature.5 Should conservative intervention be un-
successful, UCL reconstruction (Tommy John) surgery is 
preferred with an approximate 85% return to play for ado-
lescent baseball players.6 

Little is documented on conservative treatment for pos-
teromedial impingement without frank compromise of the 
articular cartilage, subchondral bone, or UCL. Surgical out-
comes for adolescents with posteromedial impingement 
has not been documented. In adults, surgical outcomes for 
posteromedial impingement are mixed, with greater suc-
cess rates (72%) for those with isolated posteromedial com-
partment pathology7 compared to those with combined le-
sions or UCL insufficiency (42%).8 There have been no case 
reports of adolescent baseball players with persistent VEOS 
symptoms and difficulty returning to hitting. Therefore, the 
purpose of this case report is to describe a movement-fo-
cused examination and treatment strategy for such an indi-
vidual, emphasizing the role of the physical therapist as a 
movement expert. 

Figure 1. Elbow MRI with intra-articular contrast      
demonstrating bone marrow edema of the medial        
epicondyle (red circle).    

CASE DESCRIPTION 

A 15-year-old right-handed male high school catcher pre-
sented to physical therapy with an approximate six-month 
history of medial elbow pain of gradual onset, having had 
an MRI with contrast (Figure 1). The accompanying radio-
logic report confirmed no presence of osteochondral lesion, 
fracture, or compromise of the anterior band of the ulnar 
collateral ligament. The report noted “marrow edema pat-
tern of the distal humerus, medial epicondyle, olecranon, 
and proximal ulna involving the sublime tubercle and coro-
noid process most consistent with stress reaction in the set-
ting of valgus extension overload.” 
The subject denied a specific mechanism of injury, but 

reported a gradual increase with throwing, after which he 
began to experience “sharp” pain at the medial elbow with 
right-handed hitting. He initially underwent an initial set 
of six weeks (12 sessions) of physical therapy with another 
clinician at the same clinic, approximately three months af-
ter onset, consisting of forearm pronator strengthening at 
90° of elbow flexion, scapular stabilizer, trunk, and sagit-
tal plane lower extremity exercise (e.g. squats). Throwing 
improved significantly with treatment without any recur-
rence reported during follow-up with his orthopedic sur-
geon approximately 2.5 weeks after discharge. However, he 
reported a return of his medial elbow symptoms when re-
suming hitting. 
He followed up with his hitting coach for several weeks, 

hitting off a tee, while continuing his home exercise pro-
gram from previous physical therapy treatment. However, 
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Figure 2. Standing alignment posterior view.     
Reproduction of subject’s initial posture demonstrating scapular asymmetry and in-
creased humeral external rotation. 

pain continued to persist with ball contact during hitting. 
He elected to take a break from throwing and hitting. He 
consulted his orthopedist, who referred him for further 
physical therapy. The subject of this case report was in-
formed the data of this case would be submitted for publi-
cation and consented to the release of information. 

EXAMINATION 

The subject was 5’10", weighing 155 lbs., with an ectomor-
phic body build. Subject’s static posture was significant for 
the discrepancy between the subject’s right humeral posi-
tion in comparison to his scapula. The right scapula was 
relatively depressed and abducted in comparison to the left, 
which may have been expected given the subject’s right-
hand dominance.9 However, despite greater right scapular 
internal rotation, the right humerus appeared to rest in 
greater external rotation and extension. The increased ob-
served right scapular internal rotation suggested external 
humeral rotation was especially prevalent (Figure 2).10 

Movement observation consisted of overhead elevation 
and simulation of subject’s hitting position in combination 
with single leg squat due to the gluteal demand required 
during optimal hitting.11 Overhead elevation demonstrated 
early right scapular upward rotation and greater internal 
rotation, a pattern associated with posterior shoulder mo-
bility deficits.12 The subject’s hitting motion was simulated 
during the examination, with marked right humeral exter-
nal rotation observed during the drive phase. The humeral 
alignment appeared to compensate for the expected fore-
arm supination of the trailing upper extremity, with the 
medial and lateral epicondyle near-parallel to the predicted 

line of force that would occur during ball contact. Sudden 
valgus force applied to the elbow in this position to sim-
ulate sudden ball contact reproduced the subject’s symp-
toms. Manually internally rotating the humerus and then 
reapplying valgus force to the elbow made the motion pain 
free (Figure 3). No laxity was appreciated during valgus 
stress testing. At this point in the examination it was hy-
pothesized the subject’s primary movement dysfunction 
was excessive humeral external rotation resulting in in-
creased valgus force at the elbow on the trailing upper ex-
tremity during ball contact. Additional impairments that 
could contribute to the preference for this hitting strategy 
were also assessed. 
Shoulder and elbow range of motion were evaluated. Pri-

mary deficits included loss of bilateral shoulder internal 
rotation, although significantly more limited on the right 
(L 30°, R 10°; measured at 90° of abduction). Although 
humeral retroversion is common in overhead athletes, the 
total arc of motion on the subject’s symptomatic side was 
125°, well below previously established estimates (e.g. 
160°).13 Forearm supination was more limited on the left (L 
80°, R 90°), while pronation was more limited on the right 
(L 80°, R 60°). 
Key muscles involved in scapulohumeral and elbow me-

chanics were tested (strength measures are noted in table) 
using manual muscle testing (MMT). The subject’s right 
serratus anterior, middle, and lower trapezius were graded 
equal or greater than the strength of the left. However, the 
subject’s humeral internal rotators including the subscapu-
laris and pectoralis major were a full grade weaker (L 5/5, 
R 4/5). Muscles were all tested by the same examiner using 
MMT, which has been found to have acceptable intrarater 
reliability.14 

Lower extremity and trunk movement patterns were also 
screened, as the gluteal and trunk musculature are crucial 
for force development during hitting. Rolling was chosen as 
a transverse plane trunk stability pattern based on prior im-
plementation in athletes and the absence of an established 
gold standard assessment for transverse plane lumbopelvic 
control,15 which was symmetrical and negative for trunk 
and extremity dissociation. The single leg squat was chosen 
to functionally assess gluteal performance, as it has been 
shown to correlate to weakness of the hip extensors.16–18 

Observational analysis during the single leg squat demon-
strated greater hip adduction and internal rotation on the 
right. 

ASSESSMENT 

The subject demonstrated signs and symptoms consistent 
with valgus extension overload syndrome, confirmed on 
MRI and during physical examination. During both static 
standing and simulation of the batting position during the 
drive phase, the subject’s humerus (and therefore elbow 
joint) appeared to be in excessive external rotation. This 
external rotation appeared to be a significant contributor 
to the loads sustained at the right medial elbow. Symptom 
reproduction during the rapid applications of valgus force 
with complete resolution with medial rotation of the 
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Figure 3. Initial painful varus stress test (left) vs. painless varus stress test (right) with a red line to denote                   
position of the humeral epicondyles.      
Note original test position was performed in a position simulating hitting, although modified above for clarity to the reader. 

Table. Objective Examination Data     

Examination 
Measure 

Data 

Shoulder 
PROM 

ER (0º abduction): L 90º, R 95º 
ER (90º abduction): L 100º, R 105º 
IR (90º abduction): L 30º, R 10º 

Elbow 
PROM 

Extension (forearm supinated): L 10º of 
hyperextension, R 5º of hyperextension 
Supination: L 80º, R 90º 
Pronation: L 80º, R 60º 

Flexibility 
Assessment 

Wrist flexor-pronator flexibility (wrist and 
elbow extended with palm supinated): 
Stiffness throughout mid and end-range 
on right only 

Manual 
Muscle 
Testing 

Pectoralis Major (sternal fibers): L 5/5, R 
4/5 
Pectoralis Major (clavicular fibers): L 5/5, 
R 4/5 
Serratus Anterior: L 4-/5, R 5/5 
Middle Trapezius: L 4-/5, R 4/5 
Lower Trapezius: L 4/5, R 4/5 
Subscapularis: L 5/5, R 4/5 
Pronator Teres: L 5/5, R 4/5 
Grip Strength (2nd position on Jamar hand 
dynamometer) tested in the following 
positions was symmetrical (100-110 lbs/
force bilaterally): 

Gluteus Maximus: L 5/5, R 3+/5 

humerus assisted in confirming a movement diagnosis of 
excessive humeral external rotation and the interpretation 
of relevant impairments to kinesiopathology. 

There exists a paucity of data regarding elbow forces 
sustained during hitting or ball contact during baseball. 
However, during a baseball swing, the rear forearm must 
supinate to optimize bat contact with a pitch while the el-
bow rapidly extends at approximately 1200 to 1500º/sec.19 

If the humerus excessively externally rotates instead of 
forearm supination occurring, then the valgus moment at 
the humeroulnar joint significantly increases. Of signifi-
cance was the subject’s posterior shoulder stiffness. During 
swing, the rear humerus horizontally adducts to make ball 
contact. Flexibility impairments of the posterior shoulder 
are more profound in horizontal adduction and would con-
tribute to increased humeral external rotation during swing 
as the humerus adducts,20 driven by stiffness of the poste-
rior cuff and external rotators. 
Although very little is known about upper extremity 

muscle activation during baseball hitting, it is known key 
humeral internal rotators such as the pectoralis major and 
latissimus dorsi are active during ball contact.21 Strength 
has also been correlated to upper quarter alignment.22 The 
combination of excessive stiffness or shortness of the pos-
terior shoulder with inadequate humeral internal rotator 
strength and activation during hitting would contribute to 
the excessively externally rotated humeral position and val-
gus stress at the elbow during ball contact. Although the 
lack of pronounced weakness (when tested via MMT) of the 
subject’s right scapular stabilizers and posterior cuff mus-
culature was somewhat surprising, the subject had previ-
ously completed a six-week physical therapy program fo-
cused on improving strength of these muscle groups. 
Signs of weakness of the right gluteus maximus (e.g., 

during MMT and single leg squat)16–18 were also thought 
to contribute to decreased pelvic rotation induced through 
the rear limb during the swing. This would result in a need 
for increased humeral horizontal adduction, placing further 
strain on the subject’s stiff and short posterior shoulder 

• Elbow flexed to 90º: 

• Elbow fully extended: 

◦ Forearm fully supinated 

◦ Forearm neutral 

◦ Wrist fully supinated 
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musculature and exacerbating humeral external rotation 
induced through the flexibility deficits of the posterior 
glenohumeral structures. 
Although the subject’s supination range of motion was 

slightly greater on the right, this could be explained 
through decreased pronator teres strength, which would 
also contribute to decreased dynamic resistance to valgus 
force.23,24 The discrepancy between sides was minor and 
falls within the standard error of measure for goniometry at 
the elbow, which has been reported up to 11.5°.25 As sev-
eral thousand pounds of force occur during bat ball con-
tact,26 the primary focus of treatment was to prevent exces-
sive humeral external rotation placing the coronal axis of 
the humeroulnar joint in-line with ball contact rather than 
attempting to improve dynamic elbow stability through 
pronator strength alone. 
The above findings suggested a final movement diagno-

sis of excessive humeral external rotation contributing to 
the subject’s symptoms and limitations during baseball. 

INTERVENTION 

The treatment plan for this subject was focused on im-
proving posterior shoulder flexibility, increasing strength 
and stiffness of the humeral medial rotators, and progres-
sively integrating the concept of slightly increased humeral 
medial rotation into hitting maneuvers to decrease valgus 
stress at the medial elbow. The subject was provided insight 
regarding the underlying hypothesis and singular goal of 
treatment based on the excessive humeral external rotation 
movement diagnosis throughout the examination process. 
This was intended to empower him early on to correct any 
daily habits that may contribute to excessive humeral ex-
ternal rotation. Recent literature suggests in regard to re-
habilitation, activity performance changes result in longer 
lasting and more meaningful change than exercise alone.27 

Kinesiology tape was applied in a novel method, origi-
nating at the right medial antebrachial and elbow regions, 
and then spiraling proximally across the humerus to the 
right scapular region (Figure 4). The purpose of this taping 
was primarily to provide medial elbow support while re-
ducing external humeral rotation throughout the day. Only 
one study has investigated the use of kinesiology tape for 
medial elbow pain,28 which improved forearm control over 
that of sham taping. However, multiple studies have found 
benefits for the use of kinesiology tape for treatment of lat-
eral epicondylitis regarding decreasing pain and improving 
grip strength.28,29 Multiple authors have that found the di-
rection of kinesiology tape does not change outcomes.30,31 

Soft tissue mobilization to the posterior shoulder mus-
culature was also performed early within treatment to im-
prove the subject’s ability to perform humeral internal ro-
tation exercise through a larger range. Soft tissue 
mobilization has been shown to improve posterior shoulder 
flexibility in multiple populations32,33 including baseball 
players. Humeral internal rotation at 90° of abduction im-
proved 30° after a single session of soft tissue mobilization. 
The subject was instructed on self-soft tissue mobilization 
to preserve these gains, an intervention which has been 

Figure 4. Novel kinesiology taping technique to      
promote humeral internal rotation.     
Stretch was applied distal-to-proximal across the proximal antebrachium and medial 
epicondyle to the scapula. 

Figure 5. Prone shoulder internal rotation exercise to       
promote subscapularis use while inducing a stretch to         
the posterior shoulder.    

shown to be effective at improving humeral internal rota-
tion.34 

Manual therapy was combined with exercises to decrease 
posterior shoulder stiffness while concurrently increasing 
humeral internal rotator strength and stiffness. Prone (Fig-
ure 5) and supine (Figure 6) humeral rotation exercise in 
90° of abduction was prescribed. Rotation with the humerus 
in 90° of abduction has been found to result in a relatively 
high percentage of subscapularis activation.35 

Supine shoulder internal rotation with a dumbbell was 
also prescribed to eccentrically activate the humeral exter-
nal rotators (Figure 6). Eccentric exercise was chosen to de-
crease actual stiffness and shortness of the posterior shoul-
der contributing to inadequate humeral internal rotation, 
as this contraction type has been shown to add sarcomeres 
in series.36 Although very short-duration stretching pro-
grams may improve stretch tolerance and ROM, their ef-
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Figure 6. Supine shoulder internal rotation exercise to promote increased posterior shoulder flexibility (left).             
Incorrect performance (right) with compensatory anterior migration or extension of the humerus. 

Figure 7. Humeral internal rotator strengthening with      
cues to prevent compensatory scapular internal       
rotation.  

fects on changing the actual biomechanical properties of 
tissues is still being investigated.37 

Strengthening of the pectoralis major and forearm 
pronators was also performed. The subject stood with a 
heavy band anchored to the side, while he horizontally ad-
ducted the humerus and pronated the forearm against re-
sistance (Figure 7). The subject was cued to avoid internally 
rotating the scapula during this exercise to impart a stretch 
to the posterior shoulder. This exercise was aimed to opti-
mize posterior shoulder flexibility by allowing the subject 
to assume a humeral position nearly identical to an across 
body stretch position38 while maximizing force generation 
of the pectoralis major.39 

As the subject advanced, neuromuscular reeducation 
during gripping was added to train the subject to allow for 
forearm supination without compensatory external rota-
tion of the humerus (Figure 8). A two-pound bar was used, 
which the subject could simulate using his aluminum bat. 
The subject stood with the humerus flexed to 90° and ob-
served his cubital fossa. He was instructed to grip the “bat” 
and then first rotate his humerus medially. He then ro-
tated the “bat” outward, ensuring he did not also exter-
nally rotate the humerus during forearm supination. This 
was aimed to both teach control of the humerus during hor-
izontally adducted positions that would be required during 
batting while also activating the flexor-pronator forearm 
musculature to assist in providing dynamic stability against 
elbow valgus.24,40 

Integration of the gluteal musculature in a transverse 
pattern using a heavy resistance band was prescribed to im-
prove pelvic and trunk rotation during batting, therefore 
reducing the requisite amount of horizontal humeral ad-
duction (and therefore decreasing posterior shoulder flex-
ibility demands that could induce external humeral rota-
tion), during this movement. It is important to note the 
subject reported an improvement in symptoms prior to any 
specific intervention to address the trunk and pelvis, which 
were implemented at visit 4. The specific effect of the lower 
limbs on shoulder and elbow positioning and force are not 
well studied. However, it is known that the gluteus max-
imus is active during the earlier portions of swing41 and 
that pelvic rotation is crucial for generating force to achieve 
ball contact.42 

The subject’s daily activities and existing exercise regi-
men were reviewed and modified to augment gains from the 
above program. For example, bench pressing was modified 
with cueing to adduct the scapula and avoid scapular pro-
traction during the concentric phase of the press (Figure 9). 
This position would not only encourage humeral horizon-
tal adduction for high-load pectoralis major activation, but 
also contribute to stretch of the posterior shoulder mus-
culature under load. Exercises such as Pallof pressing were 
integrated into the subject’s standard gym routine to op-
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Figure 8. Forearm supination neuromuscular    
reeducation exercise to teach dissociation from       
humeral external rotation.    

timize transverse plane trunk stability while also encour-
aging humeral horizontal adduction for posterior shoulder 
flexibility. 
After this time, focus was placed on returning to hitting 

while the subject continued the above exercises. Interval 
return to sport programs exist as suggested by Reinold et 

Figure 9. Bench press neuromuscular reeducation activity modified to promote a posterior shoulder stretch while              
strengthening the pectoralis major (left). Incorrect performance (right) with scapular internal rotation.             

al.42 as well as return to hitting suggested by Monti in 
2015.43 Similar guidelines were utilized for this subject’s 
return to sport. Return to hitting was conducted in three 
phases; hitting from a tee, soft toss, then from a pitch at 
moderate effort behind L-screen in batting cage. Swings 
were complete at subject perceived effort of 75-80%. Each 
phase consisted of progressive swing repetitions with at 
least 1 day rest in between to assess tolerance. The subject 
remained at one step in each phase until he could bat with-
out symptoms before progressing, a similar methodology to 
those utilized in previously established return to play inter-
val programs. 
Two drills also were performed to specifically address the 

trailing elbow position to improve maintenance of the el-
bow posterior to the knob of the bat, and therefore to de-
crease the magnitude of external rotation of the humerus 
and during the acceleration and follow through phases of 
the bat swing.43 During the first drill, a 10 lbs. dumbbell 
was utilized while the subject moved the weight through 
the 1st half of the swing with an isometric hold at what 
would be the contact point of the swing (Figure 10). The 
second drill was completed with a PVC pipe, maintaining 
the same position as the first drill with the isometric hold, 
then carrying out the remainder of the swing (Figure 11). 
Video analysis with the subject’s phone was utilized as 
biofeedback. 

OUTCOMES 

After four physical therapy sessions, the subject had re-
turned to practice and resumed all throwing activities. He 
denied any recurrence of symptoms with throwing and 
humeral internal rotation PROM at 90° of abduction had 
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Figure 10. Hitting Drill for swing phase to ball contact         
to prevent positioning of the elbow anterior to the          
knob of the bat, therefore reducing potential varus         
force.  

Figure 11. Hitting drill for retraining follow-through      
phase.  
Note the right humerus remains in significant relative internal rotation compared to the 
magnitude of forearm supination. 

improved from 10° to 30°. After 9 physical therapy sessions, 
he reported a 100% alleviation of symptoms with hitting. 
At the conclusion of physical therapy treatment, he contin-
ued to be able to throw without any limitations and had re-
turned to hitting from live arm without pain at full effort. 
Follow-up via phone at seven months after discharge re-
vealed that the subject had returned to play at full-capacity 
without any symptom recurrence. 

DISCUSSION 

The subject presented to physical therapy with chronic me-
dial elbow pain and confirmed MRI evidence of VEOS. Al-
though he noted mild symptoms with throwing, he reported 
his primary aggravating activity was hitting. He had par-
ticipated in 12 physical therapy sessions earlier during the 
year including traditional scapular stabilizer strengthening 
exercises (e.g. shoulder taps, Ys and Ts), but had experi-

enced a recurrence of symptoms upon return to hitting. Af-
ter completing nine physical therapy visits over five weeks, 
he was able to return to all activities such as hitting without 
any pain. 
Regional interdependence has been discussed for two 

decades44,45 and adapted to encompass the general inter-
actions between various physiologic systems.46 The preva-
lence of scapular dysfunction in overhead athletes47 and 
comprehensive rehabilitation programs for the elbow that 
include exercises for the rotator cuff, lower and middle 
trapezius, and serratus anterior48 may contribute to a pro-
fession-wide assumption that these exercises will address 
the underlying movement problems in this population. 
This case exemplifies the importance of a systematic 

movement examination and assessment of potential rele-
vant contributing impairments for individuals who do not 
fall in the majority regarding common movement dysfunc-
tions that lead to a given condition. For example, the sub-
ject did not present with any findings suggestive of re-
markable scapular stabilizer (serratus anterior, middle, and 
lower trapezius) weakness or dyskinesis49 that could con-
tribute to his elbow dysfunction. Grip strength, tested to 
determine function of the medial elbow stabilizers such as 
the flexor digitorum superficialis and profundus measured 
at 100-110 lbs. of force (symmetrical between hands) in 
multiple positions and elbow angles, well above the 75th 

percentile for a 15 year-old male.50 The subject had previ-
ously participated in a strengthening program consisting of 
exercises to address the scapular and medial elbow stabiliz-
ers with little success, and thus determining an underlying 
aberrant movement cause of continued pain was the focus 
upon the subject’s return to physical therapy. 
Although medial elbow pain in relation to throwing is 

relatively well researched,51,52 there exists a paucity of lit-
erature regarding its incidence with hitting. Furthermore, 
unlike throwing, the contribution of the lower extremi-
ties,53 trunk,54,55 the scapula,56 and the humerus57 to 
forces at the elbow during hitting have not been studied. 
Dissimilar to pitching, batting is a reactive movement pat-
tern that changes significantly in response to the 
pitcher.58–60 This makes the study of an optimal movement 
pattern for batting difficult, as multiple strategies may be 
ideal based on the location and velocity of the ball. 
However, the general phases of batting have been well-

defined43,61 and include preparatory, stance, stride, drive, 
bat acceleration, and follow-through phases.43 The 
preparatory phase describes the initial batting stance pre-
ferred by each hitter. This transitions into the stance phase, 
during which the batter lifts their front leg, shifting their 
weight to the rear leg while coiling their trunk and upper 
extremities in reverse of the pitcher. This coiling continues 
as the batter then brings the front leg forward (stride phase) 
and then makes lead leg contact with the ground (drive 
phase). During drive phase, maximal energy storage is 
achieved through a further 12° of reverse arm motion.43 At 
the end of the drive phase, the trailing elbow should be 
flexed with the shoulder adducted. The goal of these ini-
tial phases is to capitalize on the stretch-shortening cy-
cle to generate optimal force during the swing. This kinetic 
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energy is transferred during the bat acceleration phase 
through rapid uncoiling beginning at the lower extremities, 
and then transitioning to the pelvis, trunk, shoulder, and 
elbows.61 The final follow-through phase allows the batter 
to optimize pelvic rotation. 
The moment of ball contact during the bat acceleration 

phase in relationship to the subject’s pattern of humeral 
rotation is of specific relevance to this case. Bat velocity 
is assisted through rapid elbow extension just prior to ball 
contact, previously estimated at 948º/sec.61 The rapid el-
bow extension to accelerate the bat combined with exces-
sive humeral external rotation would increase valgus force 
on ball contact and replicate forces that occur during VEOS 
often seen in pitchers.62 

Based on these phases of batting, a reasonable compre-
hension of movement requirements (e.g. rapid pelvic rota-
tion, rear upper extremity horizontal adduction, rapid el-
bow extension) can be established by a physical therapist 
and systematically tested. The importance of beginning a 
physical examination with movement observation and tests 
confirming specific hypotheses of an underlying movement 
cause cannot be overstated. For example, for this subject, 
excessive right humeral external rotation was noted both at 
rest and with functional movements. The valgus stress test 
was positive for symptom reproduction when the subject 
replicated upper extremity position simulating ball contact 
and rapid valgus force was applied manually by the physi-
cal therapist. This test was implemented to simulate forces 
experienced by the subject during ball contact. 
The hypothesis that excessive humeral external rotation 

was resulting in the subject’s pain and pathology viewed on 
MRI was supported by then manually rotating the humerus 
into slightly greater internal rotation and repeating the 
same valgus stress test. For many subjects, multiple move-
ments that are symptom provoking could be used with sys-
tematic modification of the movement to establish a pat-
tern suggesting an underlying movement dysfunction. This 
is analogous to prior research that has found a battery of 
tests in physical examination is generally more useful in es-
tablishing a diagnosis than a single test.63,64 

Impairments were then systematically assessed based on 
the movement diagnosis and movement observations. Fac-
tors relevant to their contribution to excessive humeral ex-
ternal rotation with batting were examined. For example, 
inadequate participation or stiffness of the humeral inter-
nal rotators such as the subscapularis, pectoralis major, and 
latissimus dorsi, or excessive stiffness of the humeral ex-
ternal rotators (especially those which would be placed in 
tension with forward humeral flexion) could contribute to 
the subject’s preferred but painful hitting strategy. These 
impairments were all tested based on the initial standing 
static postural, movement, and functional testing exami-
nation. For example, during forward reaching and shoulder 
elevation, excessive early scapular upward rotation was 
noted. This is a pattern suggestive of inadequate mobility 
of the glenohumeral joint12 and therefore, posterior shoul-
der stiffness contributing to excessive humeral external ro-
tation was hypothesized to be a relevant contributing factor 
to the movement syndrome. This was then tested in more 

isolation during measures such as humeral internal rota-
tion mobility and palpation to the posterior shoulder mus-
culature. Using this strategy, the clinician was able to sys-
tematically establish relevant impairments to the subject’s 
movement dysfunction. 
This case exemplifies the unique role of physical ther-

apists as movement experts who are well equipped to ad-
dress specific kinesiopathology based on physical exam-
ination. Although the profession has more recently 
transitioned to various classification models that match in-
tervention to specific presentations in regions such as the 
lumbar spine,65 programs in the upper quarter trend toward 
consistently addressing the rotator cuff and axioscapular 
musculature.48,66 The prevalence of scapular dysfunction 
in overhead athletes47 and comprehensive rehabilitation 
programs for the elbow that include exercises for the rota-
tor cuff, lower and middle trapezius, and serratus anterior48 

may contribute to the assumption that these exercises are 
beneficial for all subjects with elbow or shoulder movement 
conditions. For the above subject, previous treatment in-
cluding traditional scapular stabilization exercise was not 
effective in reducing his symptoms upon return to hitting, 
suggesting the importance of customizing intervention to 
specific patterns of movement dysfunction. 

LIMITATIONS 

The presented case report has notable limitations, includ-
ing the inability to generalize and non-experimental nature 
of this study. Furthermore, due to a lack of normative data 
regarding humeroulnar rotation during batting and subject 
privacy logistics, actual video analysis of upper quarter po-
sition throughout the hitting maneuver was not obtained. 
Pelvic and lower quarter normative data exist for bat-
ting,61,67 and therefore video analysis may have revealed 
whether the integration of specific pelvic and trunk retrain-
ing during physical therapy was actually needed. Addition-
ally, certain physical examination measures such as manual 
muscle testing in the shoulder possess questionable inter-
rater reliability and reproducibility68 and should be inter-
preted with caution. 

CONCLUSIONS 

This case report exemplifies the importance of a systematic 
movement examination to establish an underlying move-
ment diagnosis with which to efficiently guide treatment. 
The subject presented with continued signs of VEOS and 
limitations with baseball batting despite prior participation 
in physical therapy including exercises typically cited in a 
regional interdependence model. A systematic evaluation 
established an atypical movement diagnosis of excessive 
humeral external rotation contributing to valgus force dur-
ing ball contact. This diagnosis guided all subsequent inter-
vention. After nine physical therapy visits over five weeks, 
the subject was able to return to soft toss hitting, con-
firming a 100% return to play without recurrence at seven 
month follow-up. These outcomes demonstrate the suc-
cessful implementation of a movement-based intervention 
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program. Furthermore, they imply the importance of a spe-
cific application of human movement knowledge rather 
than generally implementing the concept of regional inter-
dependence. 

DISCLOSURES 

The authors of this case report have no conflicts of interest. 

Submitted: February 22, 2022 CDT, Accepted: June 27, 2022 

CDT 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre-

ativecommons.org/licenses/by-nc/4.0/legalcode for more information. 

The Management of Valgus Extension Overload Syndrome Experienced with Hitting in a High School Baseball Player: A Case Report

International Journal of Sports Physical Therapy



REFERENCES 

1. Kibler WB. Pathophysiology of overload injuries 
around the elbow. Clin Sports Med. 
1995;14(2):447-457. doi:10.1016/s0278-5919(20)3023
5-0 

2. Fleisig GS, Andrews JR, Dillman CJ, Escamilla RF. 
Kinetics of baseball pitching with implications about 
injury mechanisms. Am J Sports Med. 
1995;23(2):233-239. doi:10.1177/03635465950230021
8 

3. Park JY, Yoo HY, Chung SW, et al. Valgus extension 
overload syndrome in adolescent baseball players: 
clinical characteristics and surgical outcomes. J 
Shoulder Elbow Surg. 2016;25(12):2048-2056. doi:10.1
016/j.jse.2016.09.007 

4. Chau MM, Klimstra MA, Wise KL, et al. 
osteochondritis dissecans: Current understanding of 
epidemiology, etiology, management, and outcomes. 
J Bone Joint Surg Am. 2021;103(12):1132-1151. doi:1
0.2106/jbjs.20.01399 

5. Swindell HW, Trofa DP, Alexander FJ, Sonnenfeld 
JJ, Saltzman BM, Ahmad CS. Nonsurgical 
management of ulnar collateral ligament injuries. J 
Am Acad Orthop Surg Glob Res Rev. 2021;5(4). doi:1
0.5435/jaaosglobal-d-20-00257 

6. Hadley CJ, Edelman D, Arevalo A, Patel N, Ciccotti 
MG, Dodson CC. Ulnar collateral ligament 
reconstruction in adolescents: A systematic review. 
Am J Sports Med. 2021;49(5):1355-1362. doi:10.1177/
0363546520934778 

7. Cohen SB, Valko C, Zoga A, Dodson CC, Ciccotti 
MG. Posteromedial elbow impingement: Magnetic 
resonance imaging findings in overhead throwing 
athletes and results of arthroscopic treatment. 
Arthroscopy. 2011;27(10):1364-1370. doi:10.1016/j.art
hro.2011.06.012 

8. Andrews JR, Pierre RK, Carson WG Jr. Arthroscopy 
of the elbow. Clin Sports Med. 1986;5(4):653-662. do
i:10.1016/s0278-5919(20)31081-4 

9. Pontin JCB, Stadniky SP, Suehara PT, Costa TR, 
Chamlian TR. Static evaluation of scapular 
positioning in healthy individuals. Acta Ortop Bras. 
2013;21(4):208-212. doi:10.1590/s1413-78522013000
400005 

10. Sahrmann SA. Movement System Impairment 
Syndromes of the Extremities, Cervical and Thoracic 
Spines: Considerations for Acute and Long-Term 
Management. Mosby Elsevier; 2011. 

11. Reyes GF, Dickin DC, Crusat NJK, Dolny DG. 
Whole-body vibration effects on the muscle activity 
of upper and lower body muscles during the baseball 
swing in recreational baseball hitters. Sports Biomech. 
2011;10(4):280-293. doi:10.1080/14763141.2011.6292
08 

12. Ludewig PM, Reynolds JF. The association of 
scapular kinematics and glenohumeral joint 
pathologies. J Orthop Sports Phys Ther. 
2009;39(2):90-104. doi:10.2519/jospt.2009.2808 

13. Cieminski CJ, Klaers H, Kelly SM, Stelzmiller MR, 
Nawrocki TJ, Indrelie AJ. Total arc of motion in the 
sidelying position: evidence for a new method to 
assess glenohumeral internal rotation deficit in 
overhead athletes. Int J Sports Phys Ther. 
2015;10(3):319-331. 

14. Wadsworth CT, Krishnan R, Sear M, Harrold J, 
Nielsen DH. Intrarater reliability of manual muscle 
testing and hand-held dynametric muscle testing. 
Phys Ther. 1987;67(9):1342-1347. doi:10.1093/ptj/6
7.9.1342 

15. Lehr ME, Cheek W, Dacko S, et al. Movement 
patterns and neuromusculoskeletal impairments 
observed in a female olympic field hockey team: An 
observational cohort study. J Bodyw Mov Ther. 
2021;26:128-133. doi:10.1016/j.jbmt.2020.12.037 

16. Stickler L, Finley M, Gulgin H. Relationship 
between hip and core strength and frontal plane 
alignment during a single leg squat. Phys Ther Sport. 
2015;16(1):66-71. doi:10.1016/j.ptsp.2014.05.002 

17. Alzahrani AM, Alzhrani M, Alshahrani SN, 
Alghamdi W, Alqahtani M, Alzahrani H. Is hip muscle 
strength associated with dynamic knee valgus in a 
healthy adult population? A systematic review. Int J 
Environ Res Public Health. 2021;18(14):7669. doi:10.3
390/ijerph18147669 

18. Friesen KB, Shaw RE, Shannon DM, Dugas JR, 
Andrews JR, Oliver GD. Single-leg squat 
compensations are associated with softball pitching 
pathomechanics in adolescent softball pitchers. 
Orthop J Sports Med. 2021;9(3):2325967121990920. do
i:10.1177/2325967121990920 

19. Dowling B, Fleisig GS. Kinematic comparison of 
baseball batting off of a tee among various 
competition levels. Sports Biomech. 
2016;15(3):255-269. doi:10.1080/14763141.2016.1159
320 

The Management of Valgus Extension Overload Syndrome Experienced with Hitting in a High School Baseball Player: A Case Report

International Journal of Sports Physical Therapy

https://doi.org/10.1016/s0278-5919(20)30235-0
https://doi.org/10.1016/s0278-5919(20)30235-0
https://doi.org/10.1177/036354659502300218
https://doi.org/10.1177/036354659502300218
https://doi.org/10.1016/j.jse.2016.09.007
https://doi.org/10.1016/j.jse.2016.09.007
https://doi.org/10.2106/jbjs.20.01399
https://doi.org/10.2106/jbjs.20.01399
https://doi.org/10.5435/jaaosglobal-d-20-00257
https://doi.org/10.5435/jaaosglobal-d-20-00257
https://doi.org/10.1177/0363546520934778
https://doi.org/10.1177/0363546520934778
https://doi.org/10.1016/j.arthro.2011.06.012
https://doi.org/10.1016/j.arthro.2011.06.012
https://doi.org/10.1016/s0278-5919(20)31081-4
https://doi.org/10.1016/s0278-5919(20)31081-4
https://doi.org/10.1590/s1413-78522013000400005
https://doi.org/10.1590/s1413-78522013000400005
https://doi.org/10.1080/14763141.2011.629208
https://doi.org/10.1080/14763141.2011.629208
https://doi.org/10.2519/jospt.2009.2808
https://doi.org/10.1093/ptj/67.9.1342
https://doi.org/10.1093/ptj/67.9.1342
https://doi.org/10.1016/j.jbmt.2020.12.037
https://doi.org/10.1016/j.ptsp.2014.05.002
https://doi.org/10.3390/ijerph18147669
https://doi.org/10.3390/ijerph18147669
https://doi.org/10.1177/2325967121990920
https://doi.org/10.1177/2325967121990920
https://doi.org/10.1080/14763141.2016.1159320
https://doi.org/10.1080/14763141.2016.1159320


20. Dashottar A, Borstad J. Quantifying range-of-
motion changes across 4 simulated measurements of 
the glenohumeral joint posterior capsule: An 
exploratory cadaver study. J Orthop Sports Phys Ther. 
2016;46(12):1080-1085. doi:10.2519/jospt.2016.6440 

21. Escamilla RF, Andrews JR. Shoulder muscle 
recruitment patterns and related biomechanics 
during upper extremity sports. Sports Med. 
2009;39(7):569-590. doi:10.2165/00007256-20093907
0-00004 

22. Ucurum SG, Karabay D, Ozturk BB, Kaya DO. 
Comparison of scapular position and upper extremity 
muscle strength in patients with and without lateral 
epicondylalgia: A case-control study. J Shoulder Elbow 
Surg. 2019;28(6):1111-1119. doi:10.1016/j.jse.2018.1
2.010 

23. Udall JH, Fitzpatrick MJ, McGarry MH, Leba TB, 
Lee TQ. Effects of flexor-pronator muscle loading on 
valgus stability of the elbow with an intact, stretched, 
and resected medial ulnar collateral ligament. J 
Shoulder Elbow Surg. 2009;18(5):773-778. doi:10.101
6/j.jse.2009.03.008 

24. Pexa BS, Ryan ED, Myers JB. Medial elbow joint 
space increases with valgus stress and decreases 
when cued to perform a maximal grip contraction. 
Am J Sports Med. 2018;46(5):1114-1119. doi:10.1177/
0363546518755149 

25. van Rijn SF, Zwerus EL, Koenraadt KL, Jacobs WC, 
van den Bekerom MP, Eygendaal D. The reliability 
and validity of goniometric elbow measurements in 
adults: A systematic review of the literature. Shoulder 
Elbow. 2018;10(4):274-284. doi:10.1177/17585732187
74326 

26. Adair RK. The Physics of Baseball. 3rd ed. Harper 
Perennial; 2002. 

27. van Dillen LR, Lanier VM, Steger-May K, et al. 
effect of motor skill training in functional activities 
vs strength and flexibility exercise on function in 
people with chronic low back pain: A randomized 
clinical trial. JAMA Neurol. 2021;78(4):385-395. doi:1
0.1001/jamaneurol.2020.4821 

28. Chang HY, Cheng SC, Lin CC, Chou KY, Gan SM, 
Wang CH. The effectiveness of kinesio taping for 
athletes with medial elbow epicondylar tendinopathy. 
Int J Sports Med. 2013;34(11):1003-1006. doi:10.1055/
s-0033-1333747 

29. Eraslan L, Yuce D, Erbilici A, Baltaci G. Does 
Kinesiotaping improve pain and functionality in 
patients with newly diagnosed lateral epicondylitis? 
Knee Surg Sports Traumatol Arthrosc. 
2018;26(3):938-945. doi:10.1007/s00167-017-4691-7 

30. Giray E, Karali-Bingul D, Akyuz G. The 
Effectiveness of Kinesiotaping, sham taping or 
exercises only in lateral epicondylitis treatment: A 
randomized controlled study. PM R. 
2019;11(7):681-693. doi:10.1002/pmrj.12067 

31. Choi IR, Lee JH. Effect of kinesiology tape 
application direction on quadriceps strength. 
Medicine (Baltimore). 2018;97(24):e11038. doi:10.109
7/md.0000000000011038 

32. Laudner K, Compton BD, McLoda TA, Walters CM. 
Acute effects of instrument assisted soft tissue 
mobilization for improving posterior shoulder range 
of motion in collegiate baseball players. Int J Sports 
Phys Ther. 2014;9(1):1-7. 

33. Jusdado-García M, Cuesta-Barriuso R. Soft tissue 
mobilization and stretching for shoulder in 
crossfitters: A randomized pilot study. Int J Environ 
Res Public Health. 2021;18(2):575. doi:10.3390/ijerph1
8020575 

34. Le Gal J, Begon M, Gillet B, Rogowski I. Effects of 
self-myofascial release on shoulder function and 
perception in adolescent tennis players. J Sport 
Rehabil. 2018;27(6):530-535. doi:10.1123/jsr.2016-02
40 

35. Suenaga N, Minami A, Fujisawa H. 
Electromyographic analysis of internal rotational 
motion of the shoulder in various arm positions. J 
Shoulder Elbow Surg. 2003;12(5):501-505. doi:10.101
6/s1058-2746(03)00169-1 

36. Douglas J, Pearson S, Ross A, McGuigan M. 
Eccentric exercise: Physiological characteristics and 
acute responses. Sports Med. 2017;47(4):663-675. do
i:10.1007/s40279-016-0624-8 

37. Freitas SR, Mendes B, Le Sant G, Andrade RJ, 
Nordez A, Milanovic Z. Can chronic stretching 
change the muscle-tendon mechanical properties? A 
review. Scand J Med Sci Sports. 2017;28(3):794-806. d
oi:10.1111/sms.12957 

38. McClure P, Balaicuis J, Heiland D, Broersma ME, 
Thorndike CK, Wood A. A randomized controlled 
comparison of stretching procedures for posterior 
shoulder tightness. J Orthop Sports Phys Ther. 
2007;37(3):108-114. doi:10.2519/jospt.2007.2337 

39. Lee HM. Force direction and arm position affect 
contribution of clavicular and sternal parts of 
pectoralis major muscle during muscle strength 
testing. J Hand Ther. 2019;32(1):71-79. doi:10.1016/j.j
ht.2017.08.007 

The Management of Valgus Extension Overload Syndrome Experienced with Hitting in a High School Baseball Player: A Case Report

International Journal of Sports Physical Therapy

https://doi.org/10.2519/jospt.2016.6440
https://doi.org/10.2165/00007256-200939070-00004
https://doi.org/10.2165/00007256-200939070-00004
https://doi.org/10.1016/j.jse.2018.12.010
https://doi.org/10.1016/j.jse.2018.12.010
https://doi.org/10.1016/j.jse.2009.03.008
https://doi.org/10.1016/j.jse.2009.03.008
https://doi.org/10.1177/0363546518755149
https://doi.org/10.1177/0363546518755149
https://doi.org/10.1177/1758573218774326
https://doi.org/10.1177/1758573218774326
https://doi.org/10.1001/jamaneurol.2020.4821
https://doi.org/10.1001/jamaneurol.2020.4821
https://doi.org/10.1055/s-0033-1333747
https://doi.org/10.1055/s-0033-1333747
https://doi.org/10.1007/s00167-017-4691-7
https://doi.org/10.1002/pmrj.12067
https://doi.org/10.1097/md.0000000000011038
https://doi.org/10.1097/md.0000000000011038
https://doi.org/10.3390/ijerph18020575
https://doi.org/10.3390/ijerph18020575
https://doi.org/10.1123/jsr.2016-0240
https://doi.org/10.1123/jsr.2016-0240
https://doi.org/10.1016/s1058-2746(03)00169-1
https://doi.org/10.1016/s1058-2746(03)00169-1
https://doi.org/10.1007/s40279-016-0624-8
https://doi.org/10.1007/s40279-016-0624-8
https://doi.org/10.1111/sms.12957
https://doi.org/10.1111/sms.12957
https://doi.org/10.2519/jospt.2007.2337
https://doi.org/10.1016/j.jht.2017.08.007
https://doi.org/10.1016/j.jht.2017.08.007


40. Hoshika S, Nimura A, Takahashi N, Sugaya H, 
Akita K. Valgus stability is enhanced by flexor 
digitorum superficialis muscle contraction of the 
index and middle fingers. J Orthop Surg Res. 
2020;15(1):121. doi:10.1186/s13018-020-01640-7 

41. Shaffer B, Jobe FW, Pink M, Perry J. Baseball 
batting. An electromyographic study. Clin Orthop 
Relat Res. 1993;292:285-293. doi:10.1097/00003086-1
99307000-00038 

42. Reinold MM, Wilk KE, Reed J, Crenshaw K, 
Andrews JR. Interval sport programs: Guidelines for 
baseball, tennis, and golf. J Orthop Sports Phys Ther. 
2002;32(6):293-298. doi:10.2519/jospt.2002.32.6.293 

43. Monti R. Return to hitting: an interval hitting 
progression and overview of hitting mechanics 
following injury. Int J Sports Phys Ther. 
2015;10(7):1059-1073. 

44. Wainner RS, Flynn TW, Whitman JM. Spinal and 
Extremity Manipulation: The Basic Skill Set for Physical 
Therapists. Manipulations, Inc; 2001. 

45. Wainner RS, Whitman JM, Cleland JA, Flynn TW. 
Regional interdependence: A musculoskeletal 
examination model whose time has come. J Orthop 
Sports Phys Ther. 2007;37(11):658-660. doi:10.2519/jo
spt.2007.0110 

46. Sueki DG, Cleland JA, Wainner RS. A regional 
interdependence model of musculoskeletal 
dysfunction: research, mechanisms, and clinical 
implications. J Man Manip Ther. 2013;21(2):90-102. d
oi:10.1179/2042618612y.0000000027 

47. Burn MB, McCulloch PC, Lintner DM, Liberman 
SR, Harris JD. Prevalence of scapular dyskinesis in 
overhead and nonoverhead athletes: A systematic 
review. Orthop J Sports Med. 
2016;4(2):2325967115627608. doi:10.1177/232596711
5627608 

48. Wilk KE, Macrina LC, Cain EL, Dugas JR, Andrews 
JR. Rehabilitation of the overhead athlete’s elbow. 
Sports Health. 2012;4(5):404-414. doi:10.1177/194173
8112455006 

49. Kibler WB, Sciascia A. Evaluation and 
management of scapular dyskinesis in overhead 
athletes. Curr Rev Musculoskelet Med. 
2019;12(4):515-526. doi:10.1007/s12178-019-09591-1 

50. Bohannon RW, Wang YC, Bubela D, Gershon RC. 
Handgrip strength: A population-based study of 
norms and age trajectories for 3- to 17-year-olds. 
Pediatr Phys Ther. 2017;29(2):118-123. doi:10.1097/p
ep.0000000000000366 

51. Takagishi K, Matsuura T, Masatomi T, et al. 
Shoulder and elbow pain in junior high school 
baseball players: Results of a nationwide survey. J 
Orthop Sci. 2019;24(4):708-714. doi:10.1016/j.jos.201
8.12.018 

52. Kurokawa D, Muraki T, Ishikawa H, et al. The 
influence of pitch velocity on medial elbow pain and 
medial epicondyle abnormality among youth baseball 
players. Am J Sports Med. 2020;48(7):1601-1607. doi:1
0.1177/0363546520914911 

53. Deal MJ, Richey BP, Pumilia CA, et al. Regional 
interdependence and the role of the lower body in 
elbow injury in baseball players: A systematic review. 
Am J Sports Med. 2020;48(14):3652-3660. doi:10.117
7/0363546520910138 

54. Bullock GS, Strahm J, Hulburt TC, Beck EC, 
Waterman BR, Nicholson KF. The relationship of 
range of motion, hip shoulder separation, and 
pitching kinematics. Intl J Sports Phys Ther. 
2020;15(6):1119-1128. doi:10.26603/ijspt20201119 

55. Oyama S, Yu B, Blackburn JT, Padua DA, Li L, 
Myers JB. Improper trunk rotation sequence is 
associated with increased maximal shoulder external 
rotation angle and shoulder joint force in high school 
baseball pitchers. Am J Sports Med. 
2014;42(9):2089-2094. doi:10.1177/036354651453687
1 

56. Itami Y, Mihata T, McGarry MH, et al. Effect of 
increased scapular internal rotation on glenohumeral 
external rotation and elbow valgus load in the late 
cocking phase of throwing motion. Am J Sports Med. 
2018;46(13):3182-3188. doi:10.1177/03635465188002
67 

57. Dines JS, Frank JB, Akerman M, Yocum LA. 
Glenohumeral internal rotation deficits in baseball 
players with ulnar collateral ligament insufficiency. 
Am J Sports Med. 2009;37(3):566-570. doi:10.1177/03
63546508326712 

58. Cañal-Bruland R, Filius MA, Oudejans RR. Sitting 
on a fastball. J Mot Behav. 2015;47(4):267-270. doi:1
0.1080/00222895.2014.976167 

59. Ranganathan R, Carlton LG. Perception-action 
coupling and anticipatory performance in baseball 
batting. J Mot Behav. 2007;39(5):369-380. doi:10.320
0/jmbr.39.5.369-380 

60. Kuo SY, Cheng KB, Lee YC. Differences in baseball 
batting movement patterns between facing a pitcher 
and a pitching machine. Res Q Exerc Sport. 
2021;92(3):420-428. doi:10.1080/02701367.2020.1741
499 

The Management of Valgus Extension Overload Syndrome Experienced with Hitting in a High School Baseball Player: A Case Report

International Journal of Sports Physical Therapy

https://doi.org/10.1186/s13018-020-01640-7
https://doi.org/10.1097/00003086-199307000-00038
https://doi.org/10.1097/00003086-199307000-00038
https://doi.org/10.2519/jospt.2002.32.6.293
https://doi.org/10.2519/jospt.2007.0110
https://doi.org/10.2519/jospt.2007.0110
https://doi.org/10.1179/2042618612y.0000000027
https://doi.org/10.1179/2042618612y.0000000027
https://doi.org/10.1177/2325967115627608
https://doi.org/10.1177/2325967115627608
https://doi.org/10.1177/1941738112455006
https://doi.org/10.1177/1941738112455006
https://doi.org/10.1007/s12178-019-09591-1
https://doi.org/10.1097/pep.0000000000000366
https://doi.org/10.1097/pep.0000000000000366
https://doi.org/10.1016/j.jos.2018.12.018
https://doi.org/10.1016/j.jos.2018.12.018
https://doi.org/10.1177/0363546520914911
https://doi.org/10.1177/0363546520914911
https://doi.org/10.1177/0363546520910138
https://doi.org/10.1177/0363546520910138
https://doi.org/10.26603/ijspt20201119
https://doi.org/10.1177/0363546514536871
https://doi.org/10.1177/0363546514536871
https://doi.org/10.1177/0363546518800267
https://doi.org/10.1177/0363546518800267
https://doi.org/10.1177/0363546508326712
https://doi.org/10.1177/0363546508326712
https://doi.org/10.1080/00222895.2014.976167
https://doi.org/10.1080/00222895.2014.976167
https://doi.org/10.3200/jmbr.39.5.369-380
https://doi.org/10.3200/jmbr.39.5.369-380
https://doi.org/10.1080/02701367.2020.1741499
https://doi.org/10.1080/02701367.2020.1741499


61. Welch CM, Banks SA, Cook FF, Draovitch P. 
Hitting a baseball: A biomechanical description. J 
Orthop Sports Phys Ther. 1995;22(5):193-201. doi:10.2
519/jospt.1995.22.5.193 

62. Dugas JR. Valgus extension overload: Diagnosis 
and treatment. Clin Sports Med. 2010;29(4):645-654. 
doi:10.1016/j.csm.2010.07.001 

63. Laslett M, Aprill CN, McDonald B, Young SB. 
Diagnosis of sacroiliac joint pain: Validity of 
individual provocation tests and composites of tests. 
Man Ther. 2005;10(3):207-218. doi:10.1016/j.math.20
05.01.003 

64. Wainner RS, Fritz JM, Irrgang JJ, Boninger ML, 
Delitto A, Allison S. Reliability and diagnostic 
accuracy of the clinical examination and subject self-
report measures for cervical radiculopathy. Spine 
(Phila Pa 1976). 2003;28(1):52-62. doi:10.1097/00007
632-200301010-00014 

65. Alrwaily M, Timko M, Schneider M, et al. 
Treatment-based classification system for low back 
pain: Revision and update. Phys Ther. 
2016;96(7):1057-1066. doi:10.2522/ptj.20150345 

66. Kibler WB, Sciascia A. Current concepts: Scapular 
dyskinesis. Br J Sports Med. 2010;44(5):300-305. doi:1
0.1136/bjsm.2009.058834 

67. Ae K, Koike S, Fujii N, Ae M, Kawamura T, 
Kanahori T. A comparison of kinetics in the lower 
limbs between baseball tee and pitched ball batting. 
Hum Mov Sci. 2018;61:126-134. doi:10.1016/j.humo
v.2018.07.010 

68. IJspeert J, Kerstens HCJW, Janssen RMJ, Geurts 
ACH, van Alfen N, Groothuis JT. Validity and 
reliability of serratus anterior hand held 
dynamometry. BMC Musculoskelet Disord. 
2019;20(1):360. doi:10.1186/s12891-019-2741-7 

The Management of Valgus Extension Overload Syndrome Experienced with Hitting in a High School Baseball Player: A Case Report

International Journal of Sports Physical Therapy

https://doi.org/10.2519/jospt.1995.22.5.193
https://doi.org/10.2519/jospt.1995.22.5.193
https://doi.org/10.1016/j.csm.2010.07.001
https://doi.org/10.1016/j.math.2005.01.003
https://doi.org/10.1016/j.math.2005.01.003
https://doi.org/10.1097/00007632-200301010-00014
https://doi.org/10.1097/00007632-200301010-00014
https://doi.org/10.2522/ptj.20150345
https://doi.org/10.1136/bjsm.2009.058834
https://doi.org/10.1136/bjsm.2009.058834
https://doi.org/10.1016/j.humov.2018.07.010
https://doi.org/10.1016/j.humov.2018.07.010
https://doi.org/10.1186/s12891-019-2741-7


Clinical Commentary/Current Concept Review 

Maximizing Recovery in the Postpartum Period: A Timeline for          
Rehabilitation from Pregnancy through Return to Sport        
Rachel Selman 1   a , Kate Early 2   , Brianna Battles 3   , Misty Seidenburg 4   , Elizabeth Wendel 5   , Susan Westerlund 6  
1 Physical Therapy, Benchmark Physical Therapy, 2 Department of Kinesiology & Health Sciences, Columbus State University, 3 Pregnancy and 
Postpartum Athleticism, 4 Clinical Programs, Upstream Rehabilitation Institute, 5 Urology, Piedmont Healthcare, 6 Obstetrics and Gynecology, 
Piedmont Healthcare 

Keywords: pregnancy, postpartum, physical therapy, strength and conditioning, female athlete 

https://doi.org/10.26603/001c.37863 

International Journal of Sports Physical Therapy 

Increased participation and duration in sport has become commonplace for women with 
their involvement often including the transition to motherhood in the peak of their 
athletic careers. No rehabilitation models that assess the full spectrum of pregnancy to 
postpartum have been developed for women to assist in safe exercise progressions that 
reduce postpartum symptoms and optimize performance during the return to full 
activity. Referral to physical therapy both in the prenatal and postnatal period is 
currently not considered standard of care to reduce prevalence of symptoms such as 
musculoskeletal pain, diastasis recti, and pelvic floor dysfunction which may ultimately 
interfere with physical activity and performance. This commentary presents a timeline 
and suggested progression for exercise participation to improve awareness of the 
musculoskeletal changes that occur after labor and delivery. The concepts covered may 
increase the understanding of how to manage pregnant and postpartum athletes from a 
musculoskeletal perspective and serve as a starting point for establishing appropriate and 
guided rehabilitation for safe return to sport after childbirth. 

INTRODUCTION 

Musculoskeletal parameters in pregnancy and postpartum 
care have been an area of much debate and scrutiny, with 
continuous changes in these recommendations being in-
consistent at best and conflicting at worst. The ability to 
stay active during and after pregnancy provides significant 
physiological benefits, regardless of prior training sta-
tus.1–5 From a medical perspective, physical activity during 
pregnancy decreases risk of developing conditions such as 
gestational diabetes, pre-eclampsia, hypertension, depres-
sion, and both prenatal and postpartum incontinence.1 

Physical activity also been shown to not increase the likeli-
hood of adverse outcomes including low birth weight, mis-
carriage, or perinatal mortality.1 Despite the known ben-
efits of physical activity in this population, there is little 
guidance on how to safely progress programming during 
pregnancy or how to return to sport performance postpar-
tum.6,7 The six-week postpartum check is largely agreed 
upon as a point where medical clearance to return to nor-
mal activity occurs – however, it is becoming more clear 
that appropriate musculoskeletal interventions could safely 

begin in the immediate postpartum period. Discussions 
with the mother surrounding what types of exercise are 
safe to perform and what symptoms are normal/abnormal 
are not commonly included at this time, and musculoskele-
tal exams are rarely performed despite pregnancy and de-
livery being both medical and musculoskeletal events.8,9 

Delaying guided rehabilitation until the six-week postpar-
tum mark may compromise safe return to activity as many 
women work to navigate this phase independently. Cur-
rently, no peer-reviewed return to sport protocols for post-
partum women exist despite the fact that 75% of postpar-
tum runners return to running within eight weeks after 
delivery.10 Thus, women may be missing the benefit of 
guided rehabilitation and targeted exercise in a time frame 
where they can minimize postpartum symptoms and ade-
quately prepare for return to sport. 

Peak athletic performance has been shown to coincide 
with the predicted peak fertility years.1 As such, female 
athletes frequently sustain careers spanning these years, 
which often includes managing the physical transition from 
pregnancy to motherhood. Prevalent postpartum condi-
tions including musculoskeletal pain, urinary incontinence, 
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abdominal separation, and pelvic organ prolapse are factors 
that may limit physical performance and safe return to 
sport.11 Christopher et al. and de Mattos Lourenco et al. 
have found that more than one-third of postpartum run-
ners experience pain upon their return as well as some form 
of urinary incontinence.10,12 While these symptoms may 
be present prior to or immediately upon return to activ-
ity, they may also demonstrate a delayed onset over time, 
as return to exercise may not consider the potential for 
dysfunctional pelvic floor and/or abdominal musculature. 
In addition, postpartum symptoms such as urinary incon-
tinence or hip and knee pain appearing with return to ac-
tivity may be dismissed as “normal”, potentially leading to 
continued deferral of treatment until the athlete is often 
several years postpartum. The lack of distinction between 
common versus normal symptoms in the first three months 
postpartum often delays appropriate management despite 
evidence that physical therapy can be beneficial in prevent-
ing and resolving these symptoms.13–15 

Exercise guidance through the postpartum period is war-
ranted for athletes to return to full activity safely and ef-
fectively. This clinical commentary proposes and outlines 
guidelines to encourage recreational and other elite ath-
letes to engage in early physical activity in a progressive 
manner. Safe return to sport guidelines would allow women 
to address the facets of the musculoskeletal system that 
have been affected by pregnancy and return to sport and 
impact activity safely, using the first six weeks to their ad-
vantage. 

ADAPTATIONS TO PREGNANCY AND POSTPARTUM 

A wide variety of physiologic changes occur during preg-
nancy, which often can be managed with thorough mus-
culoskeletal assessment and intervention. Weight gain, lig-
amentous laxity, postural changes, and center of gravity 
changes that occur during pregnancy all require different 
demands on strength, endurance, and postural control. The 
abdominal musculature is stretched to 115% of its resting 
length by 38 weeks of pregnancy.16 Cardiac output in-
creases by 30-50%, (driven by increasing heart rate and 
stroke volume) by mid-pregnancy, along with a 10-20% 
increase in baseline oxygen consumption. Together, these 
cardiovascular alterations result in decreased available oxy-
gen for aerobic activity.17,18 Pregnant athletes are often 
still anecdotally encouraged to stay below a target heart 
rate (formerly recommended as <140 bpm) and avoid lifting 
more than 25 pounds, conflicting with the more recent ev-
idence that indicates these heart rate monitoring and ab-
solute limits on weight lifting are no longer appropriate re-
strictions for low risk pregnancies.4,5 

During labor and delivery, pelvic floor musculature is 
stretched to 250% of its resting length during delivery.9 Re-
covery of the pelvic floor muscles (levator ani and associ-
ated connective tissue) is thought to be maximized by four 
to six months postnatal, although unrestricted clearance to 
activity is typically obtained well before this point.9 Blad-
der neck mobility postpartum remains higher than when 
measured at 37 weeks gestation and can require increased 
musculoskeletal support to limit symptoms such as inconti-

nence.19 With cesarean section delivery, uterine scar thick-
ness is still increased at the six-week postnatal point in-
dicating continued remodeling despite the fact that many 
women are told that they may begin unrestricted activity 
at this point, and notable pelvic floor dysfunction including 
weakness or difficulty with coordination may also still be 
present associated with the pressure of the growing uterus 
throughout pregnancy.20 

“CORE CANISTER” HEALTH AND DYSFUNCTION 

Pregnant and postpartum women may have limited edu-
cation on their own bodies and the musculoskeletal adap-
tations that occur. They may also not realize that many 
of the symptoms that they may experience in pregnancy 
and postpartum are common but not normal. In the United 
States, pelvic floor rehabilitation is not currently recom-
mended for women as a standard of care requiring many 
to self-advocate for such treatment. Prevalence of pelvic 
floor dysfunction (urinary stress incontinence, urgency uri-
nary incontinence, overactive bladder, pelvic organ pro-
lapse, and fecal or anal incontinence) is high, with over 
one in four women experiencing at least one of these con-
ditions.21 The presence of incontinence during pregnancy 
may be indicative of the presence of incontinence in post-
partum. Those who have persistent incontinence at three 
months postpartum have a significantly greater likelihood 
of continued incontinence at the five-year postpartum mark 
compared to the general population.22 Postpartum urinary 
incontinence creates a barrier to exercise, and may limit 
athletes from completing their desired sport or exercise 
program.13 The total number of women including female 
athletes who will undergo surgery for correction of pelvic 
organ prolapse alone is expected to increase by ~48% over 
the next four decades.23 Despite many of the commonly ex-
perienced signs and symptoms of pelvic floor dysfunction 
being improved or prevented with rehabilitation, there is 
little discussion of a guided protocol to limit the likelihood 
of onset such dysfunction during pregnancy and postpar-
tum.19,24–27 

As would be expected, given the duration and intensity 
of change imparted upon the pelvic floor musculature, fol-
lowed by the largely musculoskeletal event of labor and de-
livery, the pelvic floor muscles are typically dysfunctional 
postpartum with regard to strength, motor control, and en-
durance.9 For many women who were unaware of how to 
utilize pelvic floor muscles appropriately prior to delivery 
or for women who have had multiple babies without ad-
equate rehabilitation and recovery, there may be signifi-
cant dysfunction in attempts to self-train these muscles.2 

Recommendations for musculoskeletal intervention post-
partum vary from no activity until medical consult to full 
clearance to self-guided exercise at six weeks, suggesting 
discussions of varying types of delivery and tearing or in-
jury may not be included when assessing return to ac-
tivity/sport.25 When prescribed appropriately, performance 
of deep core exercises during pregnancy results in signifi-
cantly fewer incontinence symptoms during late pregnancy 
and the postpartum period.8 
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DEMANDS OF RETURNING TO SPORT 

Running is a specialized skill requiring very specific muscu-
lar endurance and strength demands. While it is common 
to use physical therapy to restore running mechanics in 
the post-operative and post-injury populations, the use of 
physical therapy in postpartum women looking to safely re-
turn to running is less commonly utilized. Optimizing post-
natal recovery is a critical factor given the pregnant and 
postpartum musculoskeletal changes that occur as physical 
therapist’s accommodate these athletes and their desire to 
return to previous levels of activity. 

There is considerable demand on the pelvic floor mus-
culature during a task such as running. High impact activ-
ities are associated with a sudden rise in intra-abdominal 
pressure as well as ground reaction forces of 1.6-2.5x body-
weight.28,29 Given the structure and location of the pelvis 
as a force transmission site from the lower to the upper 
body, it is expected that the attaching musculature would 
be required to quickly contract and relax repeatedly 
throughout a task such as running. If the pelvic floor mus-
culature is unable to contract and relax on demand in a su-
pervised setting such as pelvic floor rehabilitation, it would 
be expected that the ability to perform that role during an 
often subconscious task such as running would be dimin-
ished and as such could result in potential activity-related 
dysfunction associated with that lack of ability including 
incontinence and prolapse.28 

High impact exercise has been found to increase risk of 
pelvic floor dysfunction nearly five-fold as compared to low 
impact exercise, further warranting additional healing time 
prior to resuming high impact tasks.12 Just as physical ther-
apists typically defer return to running in post-operative 
cases where notable anatomical healing must occur, per-
haps physical therapists should also advocate for a return to 
running protocol that corresponds both to a time and crite-
rion-based approach in the postpartum phase.25 A recom-
mendation of this nature was initially made by Goom and 
colleagues,2 who advised that return to running be con-
sidered at or around the three months postpartum period. 
Based on the baseline demands of running as a power, en-
durance, and strength movement, the aim of the following 
recommendations is to restore asymptomatic tolerance for 
return to running. For most athletes, clearance for return to 
running readies them to participate in a more sport-specific 
training program as desired. 

REHABILITATION TIMELINE 
RECOMMENDATIONS 

In the absence of absolute or relative contraindications, 
pregnant women should be encouraged to participate in a 
regular, moderate intensity exercise program supported by 
the American College of Sports Medicine (ACSM) as well 
as the American College of Obstetricians and Gynecologists 
(ACOG) guidelines.5,30 General physicians have self-re-
ported that they do not typically feel that they have ad-
equate training in postpartum exercise prescription, and 
variations in regards to anecdotal recommendations are 

common.31 From a physical therapy perspective, Table 1 
outlines a rehabilitation timeline with suggested goals and 
criterion for exercise participation to encourage a timely 
and safe full return to sport. As with any protocol, parame-
ters may be adjusted to some extent depending on the in-
dividual, but these are best adjusted under the guidance of 
an appropriately trained professional.32 Such professionals 
should be well versed in the warning signs during exercise 
as well as contraindications to exercise when working with 
pregnant and postpartum clients.5,31 

Each phase of the following protocol should ideally be 
monitored by a pelvic health physical therapist who can 
best make determinations on readiness to progress to the 
next phase and ensure that the pelvic floor muscles are con-
tracting and relaxing correctly. Working with trained indi-
viduals in the area of pelvic health may also help to reduce 
fear avoidance behaviors and increase compliance during 
the pregnancy period.33 Understanding that high-impact 
tasks like running are necessary and appropriate for max-
imizing performance allows increased focus on safe move-
ment with core and pelvic floor control, posture, and mo-
bility. 

FIRST TO THIRD TRIMESTER 

Initially, cardiovascular activity should be kept at a conver-
sational pace, but is no longer limited to the 140 beats per 
minute metric.7 When a patient is self-assessing intensity, 
clinicians should discuss how to use the rate of perceived 
exertion (RPE) modified scale (0-10), aiming for between 
1-4 for light to moderate.22 Occasional higher intensity car-
diovascular tasks may be completed for short time periods, 
but time spent exceeding the RPE ranges of 5-7 should be 
limited due to the added pressure on the pelvic floor mus-
cles as a fetus develops. Exercises may include running, sta-
tionary biking, low impact aerobics, step aerobics, swim-
ming, or walking may be encouraged, which may vary day 
to day with specific symptoms of the mother.5,31 Contact 
sports, activities that increase likelihood of falls (horseback 
riding, cycling, downhill skiing, etc.), scuba diving, and/or 
hot yoga should be avoided.1,2,36 Incorporation of rest pe-
riods throughout cardiovascular effort (walking, stopping, 
stretching, etc.) should be considered to reflect the meta-
bolic needs of the mother as pregnancy progresses. 

Risk versus benefit analysis should be performed with 
continued impact work, as some athletes will be able to 
continue running and jumping during this phase but should 
closely monitor symptoms to determine whether this 
should be modified or eliminated. In similar fashion, run-
ning may be continued but duration can be reduced to limit 
the amount of stress on the pelvic floor and changes to gait 
with changing posture and growing fetus. Incline jogging/
running and interval runs, for example, can be encouraged 
in bouts to reduce the volume of repetitive impact and as-
sist with maintenance of running if desired. For athletes 
training for an upcoming race or needing to return quickly 
to an elite athlete level, continued safe impact work may be 
warranted and monitored closely. Other forms of cardiores-
piratory activity that are lower impact and encourage more 
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Table 1. Goals for Prenatal and Postnatal Performance.     5,31,34  

Stage Goals Example Criterion 

First Trimester 

Second Trimester 

Third Trimester 

Postpartum Weeks 0-2 

Postpartum Weeks 3-4 

Postpartum Weeks 5-6 

Postpartum Weeks 7-12 

Postpartum Weeks 13+ 

• Discuss musculoskeletal changes 

• Discuss physiological changes associated 

with pregnancy 

• Introduce transverse abdominis control in as-

sociation with proper diaphragmatic breath-

ing 

• Instruction in Rate of Perceived Exertion 

(RPE) 

• Establish guidelines and develop exercise pre-

scription 

• Discuss warning signs and contraindications 

for exercise during pregnancy 

• Medical clearance for exercise 

• Independence in RPE ratings 

• Ability to appropriately contract and relax transverse 

abdominis without breath holding 

• Encourage safe exercise and mobility 

• Develop postural strength and endurance 

• Review warning signs and contraindications 

for exercise during pregnancy 

• Medical clearance for exercise 

• Awareness and independence of appropriate standing 

and sitting postures 

• Improve coordination in relaxation of the 

pelvic floor musculature to allow for delivery 

while maintaining adequate facilitation for 

continence 

• Continue focus on postural strength and en-

durance 

• Education regarding potential birth positions 

as desired 

• Medical clearance for exercise 

• Ability to contract and relax pelvic floor musculature 

without breath holding 

• Awareness of options regarding birthing positions both 

with and without epidural intervention 

• Encourage safe and appropriate movement to 

facilitate healing 

• Limit subjective pain levels associated with 

the expected decrease in activity after deliv-

ery 

• Instruct and incorporate proper body me-

chanics for handling of newborn 

• Anterior/posterior pelvic tilting to assist with postural 

restoration 

• Appropriate performance of diaphragmatic breath 

• Light standing open kinematic chain (OKC) movements 

to mimic walking 

• Slowly improve coordination with pelvic floor 

and transverse abdominis musculature in as-

sociation with proper diaphragmatic breath-

ing 

• Initiate a short duration (<15 minutes) walk-

ing program with frequency increasing as de-

sired with increasing frequency and duration 

as tolerated 

• Transversus abdominis sets – 20x5s holds in supine, 

side-lying, and quadruped 

• Bridges – double leg 30x5s 

• 10 minutes of asymptomatic walking 

• Pelvic floor contract/relax – short holds (<5s) 

• Increase walking program duration (<30 min-

utes) so long as symptoms are not noted dur-

ing or after performance 

• Incorporate functional movements required 

of the athlete for activities of daily living 

• Muscular endurance tasks i.e. repetitions of 15-30 with 

weights <10 lbs (baby can often be used as “weight” for 

functional performance) 

• Pelvic floor contract/relax – long holds (10s) 

• Clamshells, reverse clamshells, standing march/hip ab-

duction/hip extension, quadruped fire hydrants/donkey 

kicks, sit to stand, double leg calf raises, 4-way straight 

leg raise 

• Discuss medical clearance and differences in 

medical and musculoskeletal clearance for ex-

ercise 

• Integrate strength, endurance, and power 

training to prepare for high impact exercise 

• Potentially include impact exercise (8-10 

week mark) 

• Muscular strength tasks i.e. repetitions of 8-12 with 

weights as tolerated 

• Squats, single leg sit to stand, mountain climbers (to 

table), single leg calf raise, step ups 

• 30 minutes asymptomatic walking 

• Return to full activity including running/sport 

• Running-specific medical interview to assist 

with prescription of individualized running 

plan35 

• Exercises completed with a metronome consistent with 

desired athlete cadence 

• 60s of symptom free performance - single leg calf raise, 

single leg hop down from step, single leg hopping, jump 

in place, wall sit, plank hold 
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Table 2. Musculoskeletal Protocol for Pregnancy through Return to Sport.       7,31,34,36  

Stage Focus Recommendations 

First Trimester 

Cardiovascular 
activity 

Neuromuscular 
activity 

Strength Training 

Pelvic floor 

Modifications for 
this phase 

Second Trimester Cardiovascular 
activity 

Neuromuscular 
activity 

Pelvic Floor 

Strength Training 

Modifications for 
this phase 

Third Trimester Cardiovascular 
activity 

Neuromuscular 
activity 

Strength Training 

Pelvic Floor 

Modifications for 
this phase 

a. Light-moderate activities kept at a conversational pace (RPE 1-4), occasional bursts 

of RPE range 5-7 (<10 minutes) 

b. Modify interventions based on daily symptoms 

c. 150 minutes of moderate activity each week over a minimum of 3 days/week but pre-

ferred daily 

d. Variety of physical activities to include aerobic, strength training, and mobility work 

e. Awareness of appropriate warm up and cool down (5-10 minutes of gentle activity 

prior to and after completion of exercise routine) 

a. Education on diastasis recti 

b. Eliminate and/or modify exercises creating coning 

c. Coordination of diaphragmatic breathing (exhale with pelvic floor contraction, inhale 

with pelvic floor relaxation) 

a. At least 2 days of resistance training/week with selection of desired exercises by the 

individual patient and provider within surrounding limitations. 

b. Strength training should incorporate full body focus 

a. Internal muscle exam typically deferred 

a. Work around varying symptoms including fatigue, nausea, and discomfort 

a. Light-moderate activities kept at a conversational pace (RPE 1-4), occasional bursts 

of RPE range 5-7 (<10 minutes) 

b. Running may continue but athlete should consider more interval training to assist 

with musculoskeletal demand of the pelvic floor as baby grows 

c. Cross training (biking, swimming) should be encouraged 

a. Same as first trimester with continued focus on appropriate loading of transversus 

abdominis, linea alba 

a. If agreed upon with the athlete’s medical providers, internal muscle exam may be per-

formed if desired by patient to determine baseline pelvic floor function and address 

range of motion and strength/endurance deficits 

b. External muscle exam may also be performed to limit risk of infection associated with 

internal muscle examination 

a. At least 2 days of resistance training/week with selection of desired exercises by the 

individual patient and provider within surrounding limitations. 

b. Strength training should incorporate full body focus 

a. Heavier focus on anti- core movements to encourage stability 

b. Eliminate/modify tasks that require power movement of barbell over abdomen 

c. Limit/modify supine activity if patient is symptomatic 

a. Light-moderate activities kept at a conversational pace (RPE 1-4) 

b. Running may continue but athlete should consider more interval training and more 

frequent rest to assist with musculoskeletal demand of the pelvic floor as baby grows 

c. Heavier focus on cross training (biking, swimming) should be encouraged as opposed 

to running 

a. Increase focus on down-training techniques to assist with delivery 

b. Increase focus on postural endurance as center of gravity shifts forward 

a. At least 2 days of resistance training/week with selection of desired exercises by the 

individual patient and provider within surrounding limitations. 

b. Strength training should incorporate full body focus 

a. Perineal massage may be discussed to begin around 34 weeks gestation 

b. Discussion of appropriate birthing positions for pelvic mobility and opening of pelvic 

outlet 

c. Heavy focus on down-training/relaxation of pelvic floor musculature and breath 

techniques to assist with delivery 

a. All previous modifications maintained 
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Stage Focus Recommendations 

Postpartum Weeks 0-2 Cardiovascular 
activity 

Neuromuscular 
activity 

Pelvic Floor 

Postpartum Weeks 3-4 Cardiovascular 
activity 

Neuromuscular 
activity 

Pelvic Floor 

Postpartum Weeks 5-6 Cardiovascular 
activity 

Neuromuscular 
activity 

Pelvic Floor/
Strength 

Postpartum Weeks 7-12 Cardiovascular 
activity 

Neuromuscular 
activity 

Pelvic Floor 

Strength 

Impact-Specific 
Markers for 
Readiness for 
Progression 

Functional Testing 
Options 

Postpartum Weeks 13+ Cardiovascular 
activity 

b. Impact work (jump/run) may be continued if asymptomatic for short bouts and in-

creased rest time 

a. Minimize musculoskeletal stress to allow healing 

b. Household ambulation in small bouts 

c. Education related to nutrition (within scope of the provider) to ensure appropriate 

intake to accommodate for nursing and exercise 

a. Diaphragmatic breathing, pelvic mobility as tolerated 

b. Gentle and pain free mobility/postural work 

c. Education regarding proper body mechanics for handling of newborn infant i.e. lift-

ing, carrying, and holding 

a. Light transverse abdominis/pelvic floor contract/relax – defer if symptomatic 

a. Walking program with shorter duration (<10-15 minutes), frequency may increase as 

tolerated 

a. Increase focus on transversus abdominis coordination – supine, side-lying, and 

quadruped 

a. Pelvic floor contract/relax with focus on short holds (5 seconds) 

b. Continue to defer if symptomatic 

a. Walking program may slowly increase in duration (<20-30 minutes) 

b. Speed may gradually increase, but should be kept below jogging 

a. Postural strength and endurance to include thoracic and cervical spine 

b. Coordination of transversus abdominis in more functional movements such as sit-

ting/standing 

a. Open kinetic chain hip strength in combination with appropriate pelvic floor con-

tract/relax 

b. Pelvic floor contract/relax with focus on long holds (10 seconds) 

c. Light functional movements (sit to stand, step ups) 

a. Slow increase in duration of walking program with gradual speed increases 

b. Short <60s bouts of jogging may be appropriate at the 8 week or beyond mark (de-

pendent on response to impact readiness tasks) 

c. Recovery intervals should be 2x that of work phase in jogging (ie 60s jog:120s recov-

ery) 

d. Work phases should be kept conversational with RPE <6 

a. Awareness/improvement of postural changes that often persist postpartum 

b. Thoracic rotation/extension, improving excessive pelvic tilting (anterior or posterior) 

should be addressed 

c. Horizontal impact work (ie table plank position – mountain climbers) may be slowly 

progressed to begin force absorption focus until patient is ready to tolerate this in an 

upright position 

a. Internal muscle exam performed if desired by patient to determine baseline function 

b. Focus should be both on appropriate contract/relax as well as strength/endurance to 

determine individual need for up vs. down-training 

a. Closed kinetic strength tasks beginning with slow performance and increasing speed 

of movement as tolerated 

b. Progression from double to single leg weight bearing tasks 

a. Double leg jump downs, heel raises with bounce, forward/lateral/reverse lunging per-

formed rapidly, kettle bell swing variations to include the sagittal, transverse, and 

frontal planes 

a. Musculoskeletal pain or pelvic symptoms with loading and impact25 

b. Run Readiness Scale36 

a. Slow increase in mileage and speed with walking/jogging/rest throughout run as 

needed 

b. 2D running assessment may be performed to limit likelihood of injury 
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Stage Focus Recommendations 

Strength/Power 

full body strength training and could potentially encourage 
a faster return to running and sport in the postnatal phase. 

The importance of transversus abdominis control should 
be established, and challenging this control in a variety 
of positions including supine, sitting, and standing is im-
portant for function. Coordinating this movement with di-
aphragmatic breathing is also important as encouraging pa-
tients to perform this movement as they exhale can assist 
with control and pelvic floor coordination. Awareness and 
modifications around activities that cause coning would in-
dicate limited tension management through the linea alba 
and as such should be modified until the patient is able 
to perform appropriately to help load the affected tissue 
safely. If the athlete is unable to modify this movement 
without the presence of continuous or repetitive coning, 
the movement may need to be eliminated to decrease 
severity of potential diastasis recti (Figure 1). As pregnancy 
progresses, repeated lumbar flexion movements should be 
limited and instead focus on stability movements of the 
core/spine such as anti-rotation, anti-extension, and anti-
rotation drills with modifications as needed to avoid and 
manage abnormal tension at the linea alba. In the final 
months of pregnancy, breath work and coordination of 
pelvic floor relaxation should be focused upon, in order to 
increase the ability to relax the pelvic floor musculature 
during both deep inhalation and exhalation to prepare for 
delivery. Increased focus should be placed on postural en-
durance and mobility as the center of gravity shifts forward 
to include thoracic extensors, thoracic rotators, transversus 
abdominis, internal/external obliques, and hip flexors and 
extensors. 

Work that includes power movements of a barbell across 
the abdomen (i.e., snatches) should be modified as posture 
and bar path change. Movements such as this can be broken 
down into smaller multi- or single-joint exercises (deadlift, 
overhead press). Dumbbells may be substituted for bar ex-
ercises depending on the need and desires of the individual. 
Supine work may also be modified on an as needed basis de-
pendent on symptoms such as pallor, increased heart rate, 
increased blood pressure, or generally feeling unwell. Such 
symptoms may indicate potential compression and can be 
quickly managed by moving the patient to at least a 30 de-
gree reclined position.37 Positions that require stretching 
of the pelvic floor stretches such as deep squatting, child’s 
pose, and hip adductor stretching may be integrated to as-
sist with muscular down-training techniques. Perineal mas-
sage techniques can be discussed around the 34-week mark 
for integration at home. Labor and delivery positions can 
be discussed in preparation for birth to include quadruped, 
deep squatting, or side-lying. Options should also be dis-
cussed for mothers who prefer to have epidurals as posi-

Figure 1. Normal (A) vs. abnormal/coning (B)      
management of tension at linea alba with leg lifting in           
early pregnancy.   

tioning may be more limited but may include side-lying 
with a peanut ball or rolling a towel around the tailbone/
sacrum to allow opening at the pelvic outlet during the 
push phase. 

Internal muscle exam is typically deferred in the first 
trimester due to the likelihood of miscarriage being highest 
in the first trimester. While an internal muscle exam is 
not correlated with any increase in this likelihood, poten-
tial association with miscarriage should be avoided if pos-
sible. It is also important to note that internal exam may 
not be necessary for assessment of the pelvic floor muscles 
as there are external techniques to determine pelvic floor 
muscle function, and that any addition of internal assess-
ment does increase risk for potential infection. If desired by 
the athlete being treated by an individual trained in inter-
nal muscle examination, internal pelvic floor muscle exam 
may be completed in second or third trimester to assess 
baseline function of pelvic floor muscles and address asso-
ciated deficits. It is important to ensure that this exam is 
performed in agreeance with the athlete’s medical team in 
addition to ensuring appropriate informed consent to the 
athlete. 

a. Impact work may be better tolerated from a pelvic floor perspective on an incline 

b. Incline may be slowly lowered until tolerating impact performance on flat surface 

c. Full clearance for return to running/sport should be assessed weekly as training vol-

ume increases per ACSM guidelines (2-10%/week) 
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Figure 2. Range of motion exercises for lumbar mobility.        
Lumbar rotation to the left (A) and right (B) with knees returning to center/neutral; side-lying “open book” exercise beginning (C) to end position (D) with knees supported at ninety-
degree angle. 

POSTPARTUM (WEEKS 0-6) 

Immediately postpartum, minimizing excessive muscu-
loskeletal stress is important as healing begins. Household 
ambulation is encouraged in small bouts as tolerated but 
should not be an area of great concern. General intensity 
should remain in the RPE 0-2 ranges to allow for appro-
priate healing. As comfort increases, a walking program 
may be initiated with focus on shorter duration perfor-
mance (<10-15 minutes) and increasing frequency as toler-
ated. Symptoms should be monitored over the 24-48 hours 
after completion of these bouts of walking to determine 
musculoskeletal response prior to increasing frequency as 
some indicators of pelvic floor dysfunction such as prolapse 
may be delayed. Incline walking and/or gradually increas-
ing speed (below jogging) and duration (<20-30 minutes) is 
acceptable so long as symptoms are not noted during or af-
ter performance. If symptoms present, these should be dis-
cussed with a qualified provider to determine whether they 
are a normal response to new loading of affected tissue or 
if they are an indicator of dysfunction. 

In the early postpartum period, initial focus should be 
on reconnecting with diaphragmatic breathing to restore 
thoracic and lumbar mobility as well as to increase on-de-
mand neuromuscular connection of the pelvic floor muscu-
lature. Initiation of gentle transversus abdominis work may 
begin with tasks such as pelvic tilts. Gentle lumbar and tho-
racic mobility such as lumbar rotation (Figure 2, A, B) and 
the side-lying “open book” exercise (Figure 2, C, D) within 
pain-free range may be performed to limit stiffness and en-
courage safe range of motion. 

Light pelvic floor contract/relax movements may be ini-
tiated but deferred if symptomatic. As recovery progresses, 
independence in diaphragmatic breathing and anterior/
posterior pelvic tilting should occur. Transversus abdominis 
stability drills may be initiated, preferably with less reliance 
on pelvic tilting. This should be coordinated with breath 
work to include supine, side-lying, and quadruped posi-
tions (Figure 3). Pelvic floor contractions and relaxations 
can be incorporated in this timeframe but may be deferred 
until internal muscle examination if pain occurs with per-
formance. 

Exercises focused on postural strength and endurance 
are important, as this is an area many new mothers have 
difficulty with due to nursing and holding the baby. Coordi-
nation of the transversus abdominis in functional positions 
such as sitting, standing, and high plank positions may also 
be initiated at this point if asymptomatic. Gentle open ki-
netic chain (OKC) movements may be integrated to increase 
hip strength and begin improving function associated with 
pregnancy postural changes. Appropriate pelvic floor con-
tract/relax should be integrated into these movements to 
include light functional movements such as sit to stand or 
step ups. 

POSTPARTUM (WEEKS 7-12) 

A walking program may continue, increasing speed and du-
ration as tolerated. As there is a wide amount of variation 
in readiness for impact at this phase, adding short <20 sec-
ond jogging bouts may be appropriate at the eight-week 
postnatal mark for athletes dependent on labor duration, 
degree of tearing, and other biopsychosocial factors to in-
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Figure 3. Side-lying transverse abdominis isometric contraction (B) coordinated by pushing into block and             
drawing in ribs followed by relaxation (A) and exhalation. Quadruped transverse abdominis contraction (C) by                
drawing in of the umbilicus and relaxation (D). Hook-lying ball press (E) conducted by pushing arms into ball                   
while exhaling.   

clude sleep, hormone changes, and nursing status. It is rec-
ommended that if jogging is added during this phase, ini-
tial work:recovery intervals should be 1:2 ratio of time. This 
interval impact training should begin with no more than 
20 minutes total duration, followed by monitoring, to en-
sure no symptom increase in the 48 hours after completion. 
If no symptom increase is present, duration may be slowly 
increased both in length of the activity interval as well 
as length of total duration of training. Impact “readiness” 
should be indicated by implementation of impact drills and 
response to initiation of a running program. 

A sample return to running program can also be found in 
Table 3 with the initial suggested 1:2 work:rest ratio. These 
guidelines are focused on duration as opposed to distance 
with the understanding that pace will vary significantly de-
pendent on the individual athlete as well as type of birth 
and associated tissue injury. It is important to note that this 
is only a sample program, and work, rest, and total time 
parameters may each be adjusted up or down to meet the 
individual needs of each athlete. Based on a combination 
of guidelines with varying recommendations of return to 
run timeframes, this particular protocol suggests that run-
ning should begin no sooner than eight weeks postpartum, 
only after the athlete is able to walk a minimum of 30 min-
utes without symptoms, in addition to being able to tol-
erate the six tasks in the Run Readiness Scale (step ups, 
wall sits, single leg squats, double leg squats, and a plank 
hold – each lasting one minute) without symptoms.25,36,38 

When initiating the return to running program, each por-
tion should be completed twice with 48 hours of rest be-
tween completions to ensure that no delayed symptom on-

set occurs. In the absence of an increase in symptoms 48 
hours after the completion of the second trial of each week, 
the athlete should progress to the next phase until con-
tinuous running of desired distances is achieved. Increased 
symptoms during or after running should be discussed with 
a pelvic health physical therapist and progression to the 
next phase should be restricted to allow for a more indi-
vidualized assessment regarding the source of those symp-
toms. It is also important to note that running with a 
stroller will result in postural changes and increased energy 
expenditure. If running with a stroller, the two-handed 
method proposed by Goom et al is most commonly sug-
gested as this resulted in the speed and stride length closest 
to the baseline of each athlete.25 

Awareness and improvement of postural changes that 
have occurred during pregnancy and that often persist 
postpartum (limited thoracic rotation, improving degree of 
excessive anterior/posterior pelvic tilting) should all con-
tinue to be addressed as appropriate for each individual pa-
tient. An internal muscle exam should be performed if de-
sired by patient to determine need for focused up-training 
vs. down-training at the pelvic floor once the individual is 
cleared for internal muscle examination by their OBGYN. 
Pelvic floor muscle focus should be on achieving full range 
of motion, quick flicks (strength), and endurance holds 
without compensations to encourage carryover into the 
functional tasks mentioned below. 

Closed kinetic chain (CKC) strength tasks such as squat-
ting, lunging, heel raises, or step ups to mimic movements 
that would be required in running or sport may also be 
integrated at this point. As tolerated, movement should 
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Table 3. Sample Return to Running Program      

Week of 
Program 

Work Phase 
(jog/run) 

Rest 
Phase 
(walk) 

Maximum 
Total Time 

1 1 min 2 min 20 min 

2 1 min 1 min 20 min 

3 1 min 2 min 30 min 

4 1 min 1 min 30 min 

5 2 min 2 min 20 min 

6 2 min 1 min 20 min 

7 2 min 2 min 30 min 

8 2 min 1 min 30 min 

9 3-5 min 2 min 30 min 

10 3-5 min 2 min 45 min 

11 5-10 min 2 min 30 min 

12* 10-15 min 2 min 45 min 

*Beyond week 12, desired factors (i.e. intensity, duration) may increase or decrease de-
pendent on athlete goals. If the client desires to increase shorter duration speed work, 
this program may be more heavily focused on the earlier components with increasing in-
tensity of the work phase. 

progress from single-leg to double-leg to improve tolerance 
to this position. In addition, towards the end of this phase 
the speed of these movements may increase (i.e., quick step 
ups or quick sit to stand) to prepare musculature for more 
power-based movement. Approaching end of this phase 
may also include more horizontal impact work such as 
mountain climbers or plank hop outs in preparation for 
more upright impact work in the next phase. While this 
horizontal impact work may require less strength and co-
ordination of the pelvic floor muscles, it does require in-
creased control of the core and thus the incline may be 
modified to meet the needs of the athlete as both areas are 
heavily affected during the postnatal recovery period. 

Cadence in running should range between 160-180 bpm 
to limit excessive force through the lower extremities as 
even a 10% increase in cadence has been shown to decrease 
mechanical stress at the knee joint.39 Running gait should 
also be individually assessed to limit likelihood of injury. 
Factors such as peak hip and knee adduction and knee stiff-
ness may demonstrate more notable compensations in the 
postpartum phase with a comprehensive guide to 2D run-
ning analysis provided by Souza and colleagues.40 

POSTPARTUM (WEEKS 13+) 

Mileage may be increased gradually, increasing speed in 
short bouts while incorporating walking, jogging and rest 
into the run as needed. As cardiovascular output increases, 
cross training (weightlifting, complimentary cardiorespira-
tory modalities) should also increase to have an athletically 
balanced approach to increasing intensity and duration. 
Symptoms should be monitored during and post training to 
make the necessary adjustments in training variables. 

Impact work can be slowly graded from horizontal to 
upright as tolerated without symptoms. Initial attempts at 
running may be performed on slight incline to assist the 

pelvic floor musculature from a postural perspective and 
slowly decreased to 0% as tolerated. This slight incline lim-
its excessive anterior pelvic tilt that many new mothers 
note postpartum to assist with muscular function at the 
pelvic floor. As new mothers can better control these ha-
bitual postures acquired during pregnancy, incline can be 
decreased to promote flat road running. Full clearance for 
return to running and sport should be assessed weekly as 
training volume slowly increases per ACSM guidelines 
(2-10%/week). 

ADDITIONAL CONSIDERATIONS 

It is important to note that with this suggested timeline 
that there are common misconceptions surrounding regular 
pelvic floor contractions (Kegels) during pregnancy for 
pelvic floor strength. Many women are anecdotally in-
structed to focus on repeated pelvic floor contractions in 
order to strengthen the pelvic floor muscles for labor and 
delivery without being instructed on the need for relaxation 
of these muscles to encourage improved ease of delivery. 
Many athletes may suffer from the overactivity of their 
musculature both in pregnancy and postpartum, and symp-
toms can be made worse by performing repeated and reg-
ular muscle contractions at the pelvic floor when not in-
dicated.41 The ability of a trained pelvic floor physical 
therapist to perform an internal muscle examination both 
during pregnancy and postpartum can ensure that the 
pelvic floor musculature is achieving appropriate range of 
motion and that contractions are being performed cor-
rectly. Any symptoms of pelvic floor dysfunction should 
serve as indicators for lack of readiness for progression to 
the next phase and may require additional visits to allow for 
safety in these progressions. 

Other considerations as the athlete returns to running 
include timing of nursing with recommendations to empty 
the breasts just prior to running to limit discomfort and 
potential clogged ducts associated with full breasts. Ath-
letes should be educated that exercise has not been shown 
to limit breastmilk production so long as appropriate hy-
dration status and caloric intake is maintained.42 Sports 
bra fitting should provide appropriate support without be-
ing overly compressive and professional fitting of the bra 
is highly recommended, noting that previously worn breast 
support garments may no longer be adequate.43,44 

While highly variable among individuals, foot size and 
shape can also change during pregnancy because of in-
creased laxity of the ligaments in the feet. As such, a post-
natal footwear assessment should be performed to ensure 
that running shoes are providing adequate support in ad-
dition to the intrinsic foot strengthening suggested within 
this protocol and others.38 While there are theories that the 
relaxin hormone responsible for this laxity may increase 
likelihood for injury, there are no studies that currently 
support this.45 
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CONCLUSION 

Women in the pregnant and postpartum periods have 
lacked adequate guidance regarding appropriate exercise 
prescription. The proposed timeline of rehabilitation is 
proposed to facilitate improved quality of life, increased 
likelihood of full and safe return to sport, and less medical 
care requirements for postpartum symptoms. Understand-
ing the intricacies of the female athlete during this time 
may assist clinicians and coaches with guidance to assist in 
safe return to sport. Without a slow and graded return to 
exercise which is commonplace for other musculoskeletal 
events, the current paradigm may unintendedly be overly 
conservative in some respects (during pregnancy) while not 
addressing dysfunction during the postpartum recov-
ery.46,47 

Despite evidence regarding the effectiveness of pelvic 
floor physical therapy,24,48,49 no specific rehabilitation 
guidelines currently exist to assist clinicians in determining 
appropriate frequency or progression of exercise for the 
pregnant and postpartum athlete. This commentary pre-
sents suggestions regarding graded activity during preg-

nancy and rehabilitation during post-partum recovery that 
may decrease the likelihood complications. The importance 
of this commentary lies not only in the outline of a preven-
tative approach to postpartum care, but in the recommen-
dation of continuous reassessment of the changing body 
throughout pregnancy and the early postpartum period as 
athletes perform and return to activities of daily living, 
work, exercise activity, and sport participation. As muscu-
loskeletal health has been largely unstudied in this pop-
ulation, this protocol may provide guidelines for the pre-
vention of common musculoskeletal dysfunction in the 
pregnant and postpartum athlete and spark future research. 
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Hamstring injuries (HSIs) are common in female athletes and are associated with a 
lengthy recovery period and a high rate of reinjury. Currently, the majority of existing 
literature investigating HSI rehabilitation has been conducted using male participants. 
However, female athletes display intrinsic anatomical and biomechanical differences 
compared to males that influences the way this population experiences HSIs and HSI 
rehabilitation. HSI rehabilitation and injury prevention guidelines for female athletes 
must take these differences into account. Female athletes display anatomical differences 
such as increased anterior pelvic tilting, gluteus maximus weakness, an increased pelvic 
width-to-femoral length ratio, and an increased degree of femoral anteversion, all of 
which can predispose females to HSIs. Maneuvers designed to strengthen the gluteal 
musculature and transverse abdominis can overcome these risk factors. Females show 
increased joint laxity and a greater range of motion of hip flexion and internal rotation 
compared to males. Females have lower passive hamstring stiffness than males, therefore 
hamstring flexibility exercises may not be as necessary during rehabilitation for females 
as in the male athlete population. Female athletes may instead benefit from trunk 
stabilization exercises and agility training due to neuromuscular control deficits that 
arise from the maturation and growth of the female pelvis. Existing literature on 
hamstring injury prevention shows consistent use of the Nordic Hamstring Exercise and 
balance exercises may reduce the risk of sustaining an HSI in both males and females, 
though more studies are needed to ascertain the optimal regimen for injury prevention in 
the female athlete population specifically. The goal of this clinical commentary is to 
discuss sex-specific anatomic and biomechanical differences of the lumbar, pelvic, and 
hip regions with the aim of providing guidelines for rehabilitation and injury prevention 
of HSIs in female athletes. 

Level of Evidence    
5 

INTRODUCTION 

Hamstring injuries consistently rank as one of the most 
frequent injuries sustained by female athletes and can re-
sult in lengthy amounts of time off from sport.1–4 Women 
are underrepresented in many sports and exercise medicine 
studies, including those focused on hamstring injury reha-
bilitation and prevention.5 Male-only research studies may 
not translate effectively due to sex-based differences in bio-
mechanical properties, hormones, and sporting environ-

ments.6 O’Sullivan et al. have emphasized the importance 
of recognizing intrinsic differences between males and fe-
males in the risk factors that lead to hamstring injury.7 Fe-
male athletes demonstrate increased hamstring flexibility, 
lower hamstring musculotendinous stiffness, and increased 
resistance to skeletal muscle fatigue compared to male ath-
letes.7 These differences, along with the high incidence and 
burden of hamstring injuries in this population, demon-
strate the need for implementation of effective female-spe-
cific rehabilitation and injury prevention programs. 
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Proper prevention and rehabilitation are especially cru-
cial for HSIs because the rate of re-injury is so high. Ap-
proximately 1/3rd of all HSIs result in reoccurrence and ath-
letes are 4.8 times more likely to sustain an HSI if an HSI 
had occurred within the previous season.8,9 Additionally, 
athletes often experience significant and persistent deficits 
in the injured hamstring after sustaining an HSI.10,11 No 
studies directly compare the extent of injured limb deficits 
in male athletes versus female athletes and how that may 
impact rehabilitation. Therefore, the purpose of this clin-
ical commentary is to discuss sex-specific anatomic and 
biomechanical differences of the lumbar, pelvic, and hip 
regions with the goal of providing guidelines for rehabilita-
tion and injury prevention of HSIs in female athletes. 

HAMSTRING INJURY REHABILITATION 

A strong rehabilitation program should focus on restoring 
an athlete’s pre-injury functionality and performance as 
well as correct for any deficits that may have led to the 
injury. Eccentrically strengthening the injured hamstring 
muscle has been shown to reduce the time to return to play 
in both men and women, as well as decreasing the risk of 
reinjury.12,13 Strengthening during HSI rehabilitation and 
prevention includes facilitation of muscle hypertrophy in 
the hamstring musculature as well as addressing functional 
requirements of the hamstrings through eccentric loading 
and stretch/shorten cycle exercises.14,15 Of equal impor-
tance is identifying impairments that may contribute to in-
creased provocative load on the hamstrings.15 Increasing 
flexibility and neuromuscular control of the lumbopelvic 
region has also been shown to be beneficial for HSI reha-
bilitation.16 Consideration of the sex-specific anatomical 
and biomechanical features in the lumbopelvic and hip re-
gion are necessary when building effective HSI rehabilita-
tion and prevention programs for female athletes. 

ANTERIOR PELVIC TILT 

The acetabulum exhibits sexual dimorphism. Acetabular 
anteversion is significantly greater in females, ranging from 
21-23 degrees compared to 17-18 degrees in males.17–19 A 
greater degree of acetabular anteversion is thought to be 
compensated for by increasing the degree of anterior pelvic 
tilt.20,21 In fact, females are found to have increased an-
terior pelvic tilting compared to men, both while stand-
ing and during the gait cycle.22–25 The increased degree of 
anterior pelvic tilt in the female pelvis has been linked to 
HSI.15,26–29 Due to the proximal attachment of the ham-
strings to the ischial tuberosities of the pelvis, an increased 
anterior pelvic tilt places the hamstrings in a relatively 
lengthened position. This will also lengthen the gluteus 
maximus (GMax) and gluteus medius (GMed) muscles due 
to their distal attachments to the femur and posterior ori-
entation on the innominate.15 

Restricted hip flexor muscle length can be associated 
with a more pronounced anterior pelvic tilt in the female 
pelvis. Shortened hip flexors will limit hip extension, de-
crease primary hip extensor recruitment and increase reli-

Figure 1. Glute sets in prone with a pillow. Activate         
TrA isometrically by performing the abdominal       
drawing in maneuver then activate GMax isometrically        
without engaging the hamstrings.     
TrA: transversus abdominis, GMax: gluteus maximus 

ability on the secondary hip extensors.30 In the presence of 
GMax weakness, there is an increased dependency on the 
hamstrings to work. This is referred to as “synergistic dom-
inance” and places greater stress on the hamstring tissue 
resulting in higher risk of HSI.30 Identifying and address-
ing shortened hip flexors will facilitate GMax recruitment 
and strengthening in order to reduce provocative load on 
the hamstrings. 

The abdominal drawing-in maneuver combined with hip 
strengthening exercises has been found to increase activa-
tion of the gluteal musculature.31 Activating the TrA can 
help to stabilize against compensatory movements in the 
lumbar spine and pelvis including lumbar hyperextension 
and excessive anterior pelvic tilt, minimize lengthening of 
the GMax, GMed and hamstrings and maximize recruitment 
of the GMax and GMed. TrA activation through the abdom-
inal drawing-in maneuver is an essential modification to 
hip strengthening in female-specific HSI rehabilitation and 
prevention programs. 

GMax strengthening is initially addressed through iso-
metrics and initiated in early HSI rehabilitation.32,33 Glute 
sets in prone with a pillow under the pelvis (Figure 1) to 
reduce an anterior pelvic tilt promotes TrA activation and 
facilitates GMax activation. Once GMax activation is prop-
erly established, dynamic strengthening is initiated. As the 
hip is abducted to 15-30 degrees, GMax activation increases 
and hamstring activation decreases.34 Hamstring activation 
is the greatest with the hip in neutral alignment. The bridge 
exercise, which has high levels of EMG activity in the GMax, 
is performed in 15-30 degrees of hip abduction to encour-
age GMax activation and discourage hamstring recruit-
ment. This can be facilitated in the female athlete by plac-
ing a band just proximal to the knees to promote hip 
abduction (Figure 2). 

HIP ABDUCTOR STRENGTH 

Compared to the adult male pelvis, the adult female pelvis 
is broader with a wider pelvic outlet and a wider and more 
circular pelvic inlet.35–37 The larger pelvic width-to-
femoral length ratio in the female anatomy is in part a rea-
son why females tend to have weaker hip abductors com-
pared to their male counterparts.38,39 Greater degrees of 
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Figure 2. Gluteal bridge. Place heels close to buttocks with hips abducted to 15-30 degrees with a band just                  
proximal to the knees. Press through the heels and abduct hips isometrically against the band while lifting hips                   
and pelvis by engaging the GMax.       
GMax: gluteus maximus 

femoral anteversion in females have been associated with 
decreased utilization of the gluteus medius mus-
cles.17–19,40 Weakness in the GMed has been associated 
with HSI suggesting that an increase in hip adduction and 
difficulty controlling contralateral pelvic drop places ad-
ditional strain on the hamstrings. Female athletes with 
stronger hip abductors and external rotators have been 
shown to be less likely to experience lower extremity in-
jury.41 

In the female athlete, activation of the TrA to stabilize 
the pelvis and lumbar spine and minimize anterior pelvic 
tilting has been shown to maximize GMed strengthening.31 

Side stepping with a resistance band in a squat position 
(Figure 3) has been shown to increase GMed recruitment 
and decrease hip flexor activity which can be an effective 
modification during HSI rehabilitation and prevention for 
female athletes with hip flexor length deficits.42 

HAMSTRING STRENGTH 

Guidelines for hamstring strengthening during rehabilita-
tion and injury prevention programs are similar for females 
and males; however basic modifications to exercises are 
given to correct for any proximal alignment and trunk con-
trol needs specific to the female anatomy and biomechan-
ics. Females are at higher risk for lower extremity injury 
when there is a knee flexor/knee extensor ratio of less than 
0.75. Knapik et al studied 138 female collegiate athletes, 
40% of whom experienced one or more lower extremity in-
juries.43 This imbalance between knee extensors and flex-
ors highlights how relative posterior kinetic chain weakness 
contributes to lower extremity injury and the importance of 
fully rehabilitating the injured hamstring in order to reduce 
risk of injury prior to return to sport in the female athlete.39 

The Nordic hamstring exercise (NHE) (Figure 4) is the 
most popular eccentric loading exercise for both HSI reha-
bilitation and prevention. When performed with good trunk 
control, this exercise produces the highest activation levels 
in all three of the hamstring muscles when compared with 
other common hamstring eccentric exercises like the dead-
lift and ball leg curl.44 With an increase in anterior pelvic 

tilt, a higher degree of femoral and acetabular anteversion 
and higher likelihood of joint hypermobility, there needs to 
be more emphasis on establishing adequate trunk control 
in order for the female athlete to effectively perform the 
NHE. 

The 45-degree hip extension exercise (Figure 5) is an-
other commonly prescribed eccentric hamstring loading ex-
ercise. Messer et al. evaluated hamstring muscle activation 
during the NHE and the 45-degree hip extension exercise 
in women. While they found that both the 45-degree hip 
extension exercise and the NHE produced activation of all 
three hamstring muscles, the NHE elicited higher activa-
tion in the semitendinosus with the 45-degree hip exten-
sion exercise eliciting a higher biceps femoris long head to 
semitendinosus activation ratio.45 The long head of the bi-
ceps femoris has been shown to be more active at the hip, 
and when strained, is associated with persistent deficits in 
muscle activation.46,47 Furthermore, it has been proposed 
that the semitendinosus may play a more significant role 
than the other hamstrings in unloading the ACL,24 due to 
its role in preventing excessive anterior tibial translation 
and knee valgus which are movement patterns associated 
with non-contact ACL injury.48 Both the NHE and 45-de-
gree hip extension exercise should be considered in HSI re-
habilitation and prevention programs for female athletes. 
When prescribing these two exercises, another considera-
tion is to place a band just proximal to the knees to pro-
mote hip abduction further reducing the tendency to col-
lapse into hip adduction and femoral internal rotation. 

HYPERMOBILITY 

Hypermobility and differences in laxity of surrounding soft 
tissue structures in the hip have been described in the fe-
male athlete. Females tend to show greater range of motion 
in hip flexion and hip internal rotation at 90 degrees of flex-
ion than males.18 This can place additional demand on the 
muscles of the posterior kinetic chain to control excessive 
hip internal rotation including the biceps femoris. Though 
not as well understood in regard to hip injury and dysfunc-
tion in the female athlete, females are also more likely to 
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Figure 3. Side stepping with a resistance band in a squat position. Place a band around the feet standing in a                    
mini squat position. Take steps laterally maintaining stability through the lumbopelvic region and maintaining               
resistance on the band without dragging the feet.         

Figure 4. Nordic hamstring exercise. Begin in a tall kneeling position with a band proximal to the knees and hips                   
abducted isometrically against the band. Using a partner to stabilize the feet and ankles, lower the trunk with                   
control maintaining neutral lumbopelvic and hip alignment using the arms to break the “fall”.               

have generalized joint laxity, lower passive hamstring stiff-
ness, and higher tolerance to stretch.49–52 Furthermore, in-
stability and laxity of the sacroiliac joint may contribute to 
hamstring muscle pathology and injury.53–55 Knee and hip 
range of motion along with hamstring flexibility are com-
monly addressed during HSI rehabilitation; however, feel-
ings of hamstring “tightness” is a common report in the 
female athlete when the hamstrings are repetitively over-
loaded.56 In the presence of joint hypermobility, lower pas-
sive hamstring stiffness and normal hamstring length, the 
tendency to incorporate flexibility exercises for the ham-
strings should be avoided with female athletes. 

BIOMECHANICAL/NEUROMUSCULAR CONTROL 

The neuromuscular control differences between females 
and males have been well documented with a focus on 
how these differences impact non-contact knee injuries, 
but the relationship to hip and hamstring injuries have 
not been commonly described. Deficits in neuromuscular 
control have been shown to be correlated to the specific 
anatomical changes that occur through puberty as the fe-
male pelvis matures.38 

During a single leg task, females can demonstrate the 
improper movement pattern of decreased trunk flexion, in-
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Figure 5. 45-degree hip extension. Begin in a standing position. Lower the trunk with control towards the                
ground.  

creased hip adduction, increased femoral internal rotation, 
increased knee abduction and trunk lean towards the 
weight bearing limb.38,39 Female athletes have weaker hip 
abductors and decreased hip extensor moments associated 
with this faulty movement pattern related to an increase in 
femoral internal rotation and adduction. This can be exac-
erbated in the setting of increased anterior pelvic tilt and 
larger pelvic width-to-femoral length ratio. Decreases in 
proximal strength measures suggest that females may have 
a less stable foundation upon which to develop or resist 
force in the lower extremities.41 Biomechanical studies in-
dicate that hip muscle activation significantly affects the 
ability of the hamstrings to generate force or resist forces 
experienced by the entire leg during a single leg task.41,57 

This tendency for core instability has been suggested to 
predispose females to lower extremity injury.41,58,59 

Trunk stabilization and agility training have an added 
benefit to HSI rehabilitation and prevention. Sherry and 
Best demonstrated that a rehabilitation program consisting 
of progressive agility and trunk stabilization exercises was 
more effective in promoting return to sport and preventing 
re-injury than isolated hamstring stretching and strength-
ening in males and females after sustaining an acute ham-
string strain.16 

HAMSTRING INJURY PREVENTION 

Neuromuscular training programs have been shown to be 
effective in the prevention of non-contact ACL injuries in 
female athletes. These programs incorporate lower extrem-
ity strengthening, eccentric hamstring loading, trunk stabi-
lization and agility training. This highlights the importance 
of posterior kinetic chain strength, HS eccentric strength 

and trunk stability and its role in reducing lower extremity 
injury in female athletes.60,61 The Prevent Injury and En-
hance Performance (PEP) program specifically utilizes the 
NHE as their primary exercise for hamstring eccentric 
strengthening.58 

Petersen et al. followed 942 male soccer players for 10 
weeks; the players were either allocated to a control group 
and performed their usual training program or allocated to 
an intervention group and performed an additional 27 ses-
sions of the NHE during the 10-week period.62 The NHE 
program reduced the rate of new HSI injuries in the inter-
vention group athletes by over 60%, from 8.1 injuries per 
100 player-seasons in the control group to 3.1 in the inter-
vention group.62 It was also highly effective at reducing the 
rate of recurrent HSIs, which was 45.8 per 100 player-sea-
sons in the control group compared to 7.1 in the NHE in-
tervention group (an approximate 85% reduction).62 While 
Petersen et. all performed this study with only male sub-
jects, their results emphasize the effectiveness of the NHE. 

Soligard et al., studied 1,892 female adolescent soccer 
players who were divided into intervention and control 
groups and followed for eight months. The intervention 
group performed a comprehensive warm-up program be-
fore every training session which included running, 
strength, and balance exercises, one of which was the NHE. 
While there were fewer HSIs recorded in the control group 
(eight versus five), these results were not significant.63 

However, the authors did find there was a significantly 
lower risk of injuries overall, overuse injuries, and severe 
injuries in the intervention group.63 A randomized con-
trolled trial consisting of 43 professional women soccer 
players tested the effect of a 21-week eccentric strength 
training program which consisted of the Nordic Hamstring 
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exercise and eccentric band exercises. Five players who did 
not undergo the training program later sustained an HSI, 
compared to only one player in the intervention group; the 
training program therefore reduced the risk of HSI by 81%. 
However, the results did not reach significance due to the 
small number of participants in the study.64 As sex-specific 
differences exist in HSI risk factors and rehabilitation, fu-
ture studies are needed to identify the optimal preventa-
tive training program to reduce hamstring injuries in fe-
male athletes. 

CONCLUSION 

Effective hamstring injury rehabilitation and prevention 
programs are crucial considering the significant burden 
HSIs can place on a female athlete.1–4 Existing literature 
regarding hamstring rehabilitation demonstrates that ec-
centric hamstring strengthening, flexibility training, and 
agility and trunk stabilization exercises may reduce return-
to-play time and rates of re-injury and that use of the 
Nordic Hamstring Exercise in HSI prevention programs suc-
cessfully reduces the rate of HSIs.12,13,16,62–66 Sex-specific 
hamstring injury rehabilitation guidelines that acknowl-
edge and address anatomical differences such as increased 

anterior pelvic tilt, greater degree of both femoral and ac-
etabular anteversion and greater pelvic width to femoral 
length ratio should be considered, as should biomechanical 
differences such as decreased utilization of the hip abduc-
tor muscles, decreased neuromuscular control, and hyper-
mobility. Future comparative studies on the efficacy of sex-
specific rehabilitation protocols can help optimize the 
management and prevention of HSI in female athletes. 
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The International Journal of Sports Physical Therapy is pleased to publish abstracts from 
the 12th Orthopaedic Summit (OSET) taking place in Boston, September 21-24, 2022. The 
IJSPT hosted the 2nd annual research forum and reception at OSET, sponsored by ATI 
Physical Therapy and Hyperice. 
The abstracts presented in the following pages were selected by the OSET Research 
Committee and editorial staff of the International Journal of Sports Physical Therapy. 
After careful review, a total of 17 research abstracts were accepted and presented at OSET 
2022. Awards for outstanding abstracts were presented on September 23rd. 
The 2022 abstracts include contemporary orthopaedic and rehabilitation topics across 
various research designs. Each abstract presents only a brief summary of a research 
project / presentation and does not permit full assessment of the scientific rigor with 
which the work was conducted. While the abstracts offer only preliminary results that 
may require further refinement and future validation, they do serve an important role in 
sharing new research ideas and rehabilitation advancements. This sharing of ideas helps 
to encourage dialogue among researchers, clinicians, and educators that will ultimately 
contribute to the orthopaedic and rehabilitation body of knowledge. We strongly 
encourage authors to continue pursuing the publication of their research as a full 
manuscript. 
Thank you to all submitting abstracts for consideration. We look forward to another 
outstanding season of submissions for OSET 2023. 
Phil Page PhD, PT, ATC 
Chuck Thigpen PhD, PT, ATC 
OSET Research Committee Co-Chairs 

Digital versions of the posters presented at the OSET          
meeting can be found     here:  

(1) A MUSCULOSKELETAL APPROACH FOR PRE- 
AND POSTNATAL REHABILITATION TO 
PROMOTE RETURN TO SPORT: A CASE SERIES 

Selman R, Early K, Battles B, Seidenburg M, Wendel E, 
Westerlund S 

Benchmark Physical Therapy, Stirrups to Situps LLC 
Background: Recent changes to exercise guidelines 

have expanded to include pregnant athletes. More women 
are transitioning into motherhood at the height of their 
athletic careers and there is limited guidance on appropri-
ate musculoskeletal rehabilitation from pregnancy through 
return to sport. Lack of education and awareness of a stan-
dardized musculoskeletal approach in this population may 
lead to increased postpartum symptoms and delay of treat-
ment, ultimately hindering athletic performance. 
Purpose: The purpose of this case series is to assess the 

athletes’ musculoskeletal response through a new pre- and 
postnatal rehabilitation protocol. 
Study Design:  Case Series 

Methods: Six women were referred to physical therapy 
during pregnancy to participate in this protocol. The 
women completed a time and criterion based pregnancy 
and postpartum rehabilitation plan. Subjective and objec-
tive data was collected for each participant from the first 
trimester up to 16 weeks postpartum over the course of ap-
proximately 18 months. 
Results: Pain, urinary dysfunction, and pelvic floor mus-

cle strength were assessed at 6 weeks postpartum and at 
discharge. Meaningful improvement was noted in pain, uri-
nary dysfunction, and muscle strength by the time of dis-
charge both within participants and as compared to general 
population statistics. 
Conclusion: These changes suggest that a muscu-

loskeletal protocol monitored by a licensed and specialized 
physical therapist should be considered as part of the stan-
dard of care in pregnancy and postpartum due to high mus-
culoskeletal demands in pregnancy, postpartum, and sport. 
Improving understanding of training in these athletes can 
minimize musculoskeletal and urinary symptoms while de-
creasing this population’s exposure to scrutiny and judge-
ment as they excel in both motherhood and sport. 
Presenting Author E-Mail:   stirrupstosi-

tups@gmail.com 
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(2) 3D-PRINTED SHORT ARM CASTS: A PILOT 
CASE STUDY OF RELIABILITY, VALIDITY, AND 
FEASIBILITY COMPARED TO CONVENTIONAL 
WATERPROOF FIBERGLASS CASTS 

Smith J1, DePhillipo N2, David S1, Nicolay K1, Wentz S1, 
Steckler A1, Westberg M1 

Background: Short arm casting (SAC) is a common 
treatment of various sports injuries including wrist frac-
tures. Currently, fiberglass and waterproof lining reflect a 
standard of practice for SAC; however, evolving techniques 
involving three-dimensional (3D) print fabrication show 
early promise in optimizing the mechanical properties of 
orthopedic immobilization techniques, and advantages 
such as comfort, customization, breathability, waterproof-
ing, lifestyle, and social effects have been reported. How-
ever, limited studies have been performed to examine the 
reliability of 3D printed cast application and the validity 
and feasibility of the fitting compared to the conventional 
fiberglass approach. 
Purpose: To evaluate the reliability, validity, and fea-

sibility of 3D printed short arm casts versus conventional 
casts. 
Study Design:  Case Study 
Methods: Three raters of varying experience were in-

structed on the application of both the conventional and 
3D printed (ActivArmor) SAC. Each rater applied two con-
ventional and two 3D printed casts to a participant’s domi-
nant wrist to evaluate reliability. Each cast was worn for 24 
hours and removed the following day after data collection. 
Data collection included measures of clinical effectiveness, 
patient satisfaction, patient rated wrist evaluation, and the 
upper extremity functional index. 
Results: ICCs demonstrated ‘excellent’ intra-rater relia-

bility for clinical effectiveness (0.997, 0.766, 0.997) and pa-
tient satisfaction (0.789, 0.892, 0.877). ICCs demonstrated 
‘excellent’ inter-rater reliability for both clinical effective-
ness and patient satisfaction metrics (ICC: 0.857, 0.767, re-
spectively). There were no significant differences between 
fiberglass and 3D printed SACs in terms of average scores 
of clinical effectiveness (11.50 vs. 11.17, P = 0.342), patient 
satisfaction (11.50 vs. 12.50, P = 0.307), or the patient rated 
wrist evaluation (10.92 vs. 10.14, P = 0.865), respectively. 
The 3D printed SAC group had significantly higher wrist 
function compared to the fiberglass SAC group as reported 
in the upper extremity functional index (65.83 vs. 64.00, P 
< .001, respectively). 
Discussion: This pilot case study demonstrates that 3D 

printed short arm casts may be a valid immobilization tech-
nique of the wrist compared to conventional waterproof 
fiberglass casting. Equivalence in clinical effectiveness and 
patient rated wrist and upper extremity function was re-
ported between the two types of casting. Participants were 
slightly more satisfied with the 3D printed casts, which also 
proved to be more waterproof. The psychomotor skills of 

both casting techniques were learned by Athletic Trainers, 
who were then able to reliably apply, retain, and repeat the 
technical work. 
Conclusion: The most common fracture in humans be-

fore the age of 75 is a wrist fracture. Furthermore, wrist 
fracture is the second most common specific injury that 
brings a person to the emergency room, and many wrist 
fractures are treated with short arm casting (especially in 
children). As evolving techniques such as 3D printing in 
medicine emerge, reliability, validity, and feasibility studies 
are paramount to further investigations on clinical effec-
tiveness with randomized controlled trials. This study illus-
trates this specifically with short arm casting techniques. 
This study sets the foundation for further investigations 
of 3D printed casting techniques for orthopedic conditions 
by demonstrating specific reliability, validity, and feasibil-
ity for short arm casting. Further studies should investigate 
similar qualities of lower extremity casts (short leg casts) 
and pursue randomized controlled trials involving patients 
requiring definitive immobilization treatment of fractures. 
Presenting author:  joseph.smith.2@ndsu.edu 

(3) SCREENING ASSESSMENT, PERCEIVED 
TRAINING LOAD AND INJURY INCIDENCE IN A 
YOUNG AND PRESELECTED VOLLEYBALL 
POPULATION: RESULTS FROM A 3-MONTH 
OBSERVATION PERIOD USING A 
RETROSPECTIVE DESIGN 

Vereecken S1, Jaspers A2, Minten T2, Dams M2, Bogaerts 
S1,3, Staes F2 

Background: The value of screening for the prediction 
of injury risk in team sports has been questioned. The rela-
tion between screening and injury incidence has to a lesser 
extent been studied in youth volleyball athletes, while the 
relationship between perceived training load and injury in-
cidence is unexamined in this population. 
Purpose: This study investigates the relationship be-

tween a group of physical screening parameters, perceived 
training load and observed injuries during a 12-week fol-
low-up period. We hypothesize a higher incidence of in-
juries for: 1) players with inferior outcomes on physical 
screening parameters and/or 2) players with a higher per-
ceived training load. 
Study Design:  Level 3: Non-randomized controlled co-

hort/follow-up study 
Methods: This retrospective study analyses the infor-

mation from a routine, standardized screening assessment 
in 46 youth elite athletes between 12-16 years. This screen-
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ing included various mobility, strength and stability tests. 
Injuries, training participation and perceived training load 
using Borg scores were administered by the medical team 
during a 12-week follow-up period. The group with chronic 
overuse injuries was compared to a group without chronic 
overuse injuries using a Mann-Whitney U test. Effect size 
was reported using rank-biserial correlation (rpb). 
Results: Sixteen athletes (34.8%) reported a chronic in-

jury. Only the Biering-Sørensen test (rpb= 0.392) and the 
relative strength for hip abduction of the right leg 
(rpb=0.381) were significantly lower for the injured group. 
Small to moderate effect sizes were found for all other 
screening parameters, but no significant differences. Both 
groups showed no significant difference regarding per-
ceived training load. 
Discussion/Conclusion: Our results confirm results in 

adult athletes, that screening information at group level 
cannot be linked with future injuries. In addition, perceived 
training load does not indicate injury susceptibility. Based 
on these results, other approaches should be explored. The 
use of multivariate analysis methods or personalized ap-
proaches can help in unraveling the complex, dynamic na-
ture of injuries. 
Presenting author:  stijn.vereecken@uzleuven.be 

(4) A SCOPING REVIEW OF REAL-TIME 
PERFORMANCE DATA TRACKING IN 
PROFESSIONAL RUGBY ATHLETES 

Hughes, A1 and Page, P2 

Background: Athletes and coaches are under stress to 
maximize performances and outcomes. Every advantage 
can matter in the world of athletics; technology can be 
one of those advantages as a tool that can be utilized by 
coaches, athletes, and medical professionals. The data 
recorded by global positioning systems (GPS) and ac-
celerometers can provide a valid and reliable means of ob-
jectively measuring and assessing physical performance pa-
rameters in athletics. 
Purpose: The purpose of this scoping review was to pro-

vide an overview of the existing literature on real-time 
data tracking technology in the performance of professional 
rugby athletes. 
Study Design:  Scoping Review 
Methods: One reviewer searched SportDiscus, CINAHL, 

Academic Search Complete, and MEDLINE databases using 
PRISMA guidelines between June and November 2020. The 
inclusion criteria were articles evaluating professional 
rugby athletes that were published after 2004 in peer-re-
viewed journals. Data were extracted for study title, year, 
study design, tracker technology used, the technology com-
pany, athletic variables tracked in the study, notable find-
ings, any changes implemented or suggested, and further 
research needed. 

Results: Eleven included studies were identified as de-
scriptive observational studies quantified and reported on 
performance variables during rugby matches and practices, 
including total distance, average speed, max speed, number 
of sprints, low, medium, and high accelerations, max heart 
rate, mean heart rate, and time in heart rate percentages. 
Five synthesis studies suggested these devices have differ-
ent capabilities to accurately measure some movements. 
Four validation studies identified a lack of clear consensus 
on the validity of the tracking technology used in profes-
sional rugby. Five associative designed studies indicated 
data collected from these tracking devices can provide 
sports medicine teams with insight into game trends and 
workloads of athletes that can then be used to create more 
appropriate and specific training protocols. The compara-
tive study found that teams may perform better with longer 
recovery periods, potentially playing a role in team sched-
ule planning. 
Discussion/Conclusion: The extensive number of vari-

ables available from performance tracking devices may pro-
vide an overwhelming number of options to consider in 
capturing, interpreting, and applying the data. GPS and ac-
celerometer units provide valuable data that give insight 
into the athletes’ performance, training load, and health; 
however various factors such as the brand of tracking device 
used, and proprietary outcome algorithms limit an analysis 
of the validity of performance tracking. These data and de-
vices would be best used in combination with other player 
measurement and assessment methods to provide a com-
prehensive assessment of the athlete. 
Presenting author:  ahughes6@tulane.edu 

(5) DOES BLOOD FLOW RESTRICTION CHANGE 
FOREARM MUSCLE ACTIVATION AMPLITUDE IN 
THE UPPER EXTREMITY? 

Seal, L1 and Page, P2 

Background: Blood flow restriction (BFR) training in-
volves the use of a band or inflatable cuff to partially re-
strict blood flow during exercise. Blood flow restriction is 
thought to create a metabolic environment resulting in 
muscle hypertrophy and strength. Several researchers have 
observed increases in muscle activation during and/or fol-
lowing BFR combined with resistance exercises; however, 
none have investigated acute changes in forearm muscula-
ture. Understanding the changes in forearm muscle activa-
tion after upper extremity BFR exercise may aid clinicians 
treating upper extremity tendinopathies such as lateral epi-
condylosis. 
Purpose: The purpose of this study was to evaluate the 

feasibility of a study to evaluate acute changes in surface 
electromyography (sEMG) activation levels of forearm mus-
cles after strengthening exercise with and without BFR. 
Study Design:  A randomized crossover observational pi-

lot study using a convenience sample of healthy university 
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students was IRB-approved and conducted at Franciscan 
Missionaries of Our Lady University. 
Methods: Six subjects completed pretest measurements 

of maximal grip strength using a Jamar® hand dynamome-
ter while sEMG was assessed in the wrist flexors and ex-
tensors. Subjects then performed wrist strengthening ex-
ercise with or without BFR using the TheraBand® Flexbar 
(the “Tyler Twist” exercise) followed by post-test measures 
of grip strength and sEMG immediately afterward. Subjects 
were randomly assigned to perform the strengthening ex-
ercise with or without BFR first followed by a 60-minute 
wash-out. Due to the small sample size, non-parametric 
statistical analysis was performed. 
Results: Wilcoxin Signed Rank Test for matched pairs 

demonstrated no significant differences in the activation 
of flexors (p=.463) or activation of extensors (p=.753) be-
tween BFR and non-BFR after exercise. There were no ad-
verse events reported. 
Discussion: This protocol was feasible. There were sev-

eral limitations of this study. As a pilot study, the statistics 
were underpowered to detect a true difference. The conve-
nience sample consisted of young, healthy individuals and 
only 1 female, also limiting the generalizability of the re-
sults. 
Conclusion: This pilot study demonstrated no signifi-

cant difference in forearm muscle activation after strength-
ening exercises with or without BFR. The protocol should 
be performed in larger samples among upper extremity pa-
tient populations. 
Presenting author:  Logan Seal Lseal@brortho.com 

(6) DIAGNOSIS OF DEEP VEIN THROMBOSIS IN 
OUTPATIENTS WITH MUSCULOSKELETAL 
DISORDERS: A SURVEY OF ORTHOPEDIC AND 
SPORTS ACADEMIES 

Manske R1, Heick JD2, Young BA3 

Background: Venous thromboembolism can present as 
either a deep vein thrombosis (DVT) or dislodge and be-
come a pulmonary embolism. Physical therapists routinely 
examine patients with musculoskeletal conditions that may 
have serious associated disorders like a DVT. 
Purpose: The purpose of this study was to determine 

if there was a difference in physical therapists’ estimation 
of the probability of a patient having a DVT in patient vi-
gnettes as compared to the actual Modified Wells criteria 
prediction. 
Study Design:  Exploratory Survey 
Methods: Following a university Institutional Review 

Board approval, members of the American Academy of Or-
thopedics (AOPT) and American Academy of Sports Physi-
cal Therapy (AASPT) were asked to complete a survey of pa-
tient vignettes. Descriptive statistics were calculated, and 

Sign Tests were performed to assess differences between re-
sponses of presence of DVT (likely or unlikely), and whether 
the respondent would refer the patient. Nonresponse bias 
was assessed via Chi square or Fisher’s Exact Tests. 
Results: Six hundred and seventy members consented 

and 521 completed the full survey out of 24,028 academy 
members. 7.2% of full survey respondents reported not con-
sidering themselves as competent to screen for DVT. How-
ever, this number may be as high as 19.8% due to 75 con-
sent individuals exiting the survey as they declined to 
answer the competence to screen question. Frequency 
analysis revealed substantial difficulty in respondents de-
termining whether a DVT was likely or unlikely in 4 of the 5 
vignettes, as compared to the Modified Wells criteria, with 
only vignette 2 having 92.9% of respondents correctly an-
swering as DVT being unlikely. In all vignettes there were 
statistically significant differences between determination 
of DVT being likely or unlikely and decision to refer, with 
respondents consistently choosing to refer despite provid-
ing a determination of DVT being unlikely (p<.001 for vi-
gnettes 1,3-5. p=.038 for vignette 2). There were no dif-
ferences in any vignette based on residency or fellowship 
status, specialist certification, or practicing direct access. 
There was no evidence of response bias. 
Discussion: It appears that members of the AOPT and 

AASPT have difficulty in determination of DVT presence or 
absence in clinical vignettes. Despite this difficulty, more 
respondents were likely to refer, possibly indicating their 
understanding that the ultimate decision to rule out pres-
ence of a DVT is beyond the scope of physical therapist 
practice. 
Conclusion: Efforts to educate members should be con-

sidered to improve the understanding of DVT assessment. 
Presenting author:  John.Heick@nau.edu 

(7) THE EFFECT OF ADDING A FOAM SURFACE 
CONDITION TO THE HEAD SHAKE SENSORY 
ORGANIZATION TEST IN HEALTH AND 
CONCUSSED ADULTS 

Heick J, Burdett K, Alkathiry A 
Northern Arizona University, Flagstaff, Arizona; Maj-

maah University, Saudi Arabia 
Background: Visual-motor disruptions occur in 65% to 

90% of concussed patients that impair balance and can be 
measured by posturography. The Head Shake-Sensory Or-
ganization Test (HS-SOT) is a computerized postural test 
that increases complexity by including dynamic head mo-
tions while maintaining balance. 
Purpose: The purpose of this study is to compare equi-

librium scores while standing on stable and foam cushion 
surfaces between the SOT and HS-SOT in healthy adults 
and those concussed. 
Study Design:  Cohort study 
Methods: Twenty-five participants completed outcome 

measures and 3 trials of testing. Sixteen individuals 
(21.50±4.52 years) were healthy and nine (20.33±3.35 years) 
were concussed. Participants completed the Dizziness 
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Handicap Inventory, Activities of Balance Confidence Scale, 
SOT, HS-SOT, and Foam cushion HS-SOT in one session. 
Results: The groups did not show significant differences 

on gender, age, DHI, or ABC. The LMM (3 Tasks x 2 SOT 
conditions x 2 groups) showed that there was a significant 
effect of task, F (2, 100.584) = 55.372, p < 0.001, a significant 
effect of SOT condition, F (1, 98.930) = 179.653, p < 0.001, 
and a significant effect of group, F (1, 28.367) = 14.701, p < 
0.001. No significant 2- or 3-way interactions were found (p 
> 0.05). A post hoc analysis of task effect with Sidak adjust-
ment showed that the average equilibrium scores (average 
of SOT2 and SOT5) in both groups significantly decreased 
with more complex tasks. Furthermore, the concussion 
group had significantly worse equilibrium score than the 
control group during HS-SOT (p = 0.007) and Foam HS-SOT 
(p = 0.002) tasks but not during the standard SOT. 
Conclusions: The HS-SOT may assess and quantify sub-

tle balance deficits in concussed individuals that are not 
losing balance during simple balance testing such as the 
BESS. The addition of a foam cushion could be considered 
to increase complexity of balance performance. 
Presenting author:  John.Heick@nau.edu 

(8) THE ASSOCIATION OF JOINT POWER 
KINETIC VARIABLES WITH RUNNING INJURIES: 
A CASE CONTROL STUDY 

Dewald M1, Dalland J2, Stockland J2 

Background: There is conflicting data on which kinetic 
variables are important to consider with runners. Further-
more, less is understood regarding differences in these vari-
ables when controlling demographics. Our primary ques-
tion is what joint power variables are different between 
healthy and injured runners. 
Purpose: The purpose of this study is to identify if there 

are differences in joint power variables of healthy runners 
and injured runners. 
Study Design : Case Control Study 
Methods: Joint power kinetic variables from the hip, 

knee, and ankle were collected from 122 runners (26 
healthy and 96 injured) over three years with a Bertec force 
plated treadmill and Qualisys 3D motion capture. The in-
jured runners performed gait analysis in conjunction with 
physical therapy care, and the healthy runners indepen-
dently obtained gait analysis for injury prevention and per-
formance goals. Further variables include age, sex, height, 
weight, BMI, foot strike, and speed. 

A two sample T-test was used to compare means of joint 
power between healthy and injured runners. A logistic re-
gression was used to create a model with the binary depen-
dent variable being injury status of the runner. All alphas 
were set at .05. Normality of the joint power variables were 
assessed with Shapiro-Wilk, Kolmogorov-Smirnov, His-
tograms, and Q-Q Plots. 

The predictive value of the logistic regression was as-
sessed with the likelihood ratio of the global null hypothe-
sis. Hosmer and Lemeshow Good-of-Fit test was referenced 
for fit statistics. Area under the ROC curve was given pref-
erence during model building, with R-Square adjusted used 
to compare models and R-Square values referenced for the 
final model to report total variation in injury status. 
Results: There were no significant differences in the 

means of the peak joint power data between the injured and 
healthy runners when using a two-sample t-test. However, 
lower hip power absorbed was found to be associated with 
injuries (odds ratio, .16; 95% CI .025-.88) when considering 
demographics using a logistic regression model including 
categorical age, gender, BMI categories, speed, and power 
absorbed from the hip, knee, and ankle and power gener-
ated from the hip and knees. Ankle power generated was 
omitted secondary to multicollinearity. The area under the 
ROC curve was .74, which is considered acceptable discrim-
ination. The R-Square was 9%, suggesting the model is only 
responsible for 9% of the total variation in the injury sta-
tus versus a model with no variables. The only significant 
predictor of the variables included was hip power absorbed 
(α=.04). 
Discussion/Conclusion: When simply comparing the 

mean values of healthy and injured groups included in this 
study, there was no difference in joint power. When con-
trolling for age, sex, BMI, foot strike, and speed with logis-
tic regression analysis; lower hip power absorbed was found 
to be associated with the runners within the injured group 
of this study. This could be due to the hip muscles’ unique 
role in absorbing force during early stance phase and may 
warrant consideration in the context of running injuries. 

The findings confirmed much of the previous under-
standings about running injuries, as they are multimodal 
with a proportion of the risk being associated with biome-
chanics. This study further identifies hip power absorbed as 
being associated with the runners within the injured group, 
possibly warranting a closer look. These results do not sug-
gest that improving runners’ ability to absorb hip power 
would decrease their injury risk, it simply shows there may 
be an association. 
Presenting author:  matt.dewald@usd.edu 

(9) VALIDATION OF DIGITSOLE® PRO SMART 
INSOLES FOR TEMPORAL GAIT ANALYSIS 

Marsh B, Page P 
DPT Program, Franciscan Missionaries of Our Lady Uni-

versity, Baton Rouge LA 
Background: Inertial motion units (IMUs) are used to 

quantify biomechanical variables by capturing movement 
data relative to body segments. Physical therapists (PTs) 
are educated on performing gait analyses to identify spe-
cific patient gait deviations and devise intervention plans 
to improve function. While gait analysis is an important 
part of a physical therapist’s initial examination, it may 
not be feasible to perform due to time and technology con-
straints, and the physical limitations of the patient. Smart 
insoles containing IMUs may be an alternative tool for PTs 
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to measure gait parameters and identify potential gait devi-
ations. Despite this seemingly convenient technology, pre-
vious validity studies are limited in sample size and data 
collection; therefore, further validation is necessary to sup-
port the clinical use of IMU insoles. 
Purpose: The purpose of this pilot study was to compare 

the temporal gait parameters collected by IMU insoles (Dig-
itsole Pro®, France) to the gold standard Noraxon® Ultium 
Motion IMU (Noraxon, Scottsdale, AZ) biomechanical 
analysis system. 
Study Design : Descriptive Pilot Study 
Methods: This study was approved by the FranU IRB. 

Temporal gait data were collected from 10 healthy individ-
uals (mean 25 years old) during a 2-minute bout of over-
ground walking at their self-selected speed using the IMU 
insoles and biomechanical sensors. Temporal data were 
processed using the respective technology software. Inde-
pendent t-tests using a priori p < .05 were conducted to 
compare parameters simultaneously measured using the 
Digitsole and Noraxon IMUs. 
Results: There was no significant difference between 

temporal parameters of cadence, stride, and swing duration 
on the right and left sides. A significant difference was ob-
served during the specific phases of the stance portion of 
gait on both extremities (loading, foot flat, and propulsion 
phases. 
Conclusion: In this small pilot sample, overall temporal 

variables were similar between the Digitsole and Noraxon 
IMU measurements; however, specific phases of the stance 
phase were not similar. Because the significant differences 
were consistent on each side, it is likely the timing of differ-
ent phases of stance may not be calculated in the same way. 
Future research should include larger sample sizes, patient 
populations, and comparison of spatial parameters. 
Presenting author:  Phillip.Page@Franu.edu 

(10) KINEMATIC SEQUENCING OF THE 
FOOTBALL PASS USING INERTIAL MOTION 
ANALYSIS 

Labbe A1, Galic C1, Foret W2, Page P3 

Background: The biomechanics of the overhead throw 
has been heavily researched in baseball players; however 
little research exists on the biomechanics of quarterback 
passing in football. 
Purpose: The purpose of this pilot study was to identify 

the kinematic sequencing of football quarterbacks using 
wireless inertial motion technology. 
Study Design:  Descriptive Study 
Methods: Eight healthy, right-handed, painfree quarter-

backs (4 high school and 4 collegiate) performed 3 drop-
back passes each at 3 increasing distances (9 total passes 
at 10, 20 and 30 yards) while wearing wireless IMUs (No-

raxon, Scottsdale AZ) as part of their pre-season assess-
ment. Each pass was synchronized to video; kinematic data 
in each pass were identified and marked with 4 points of 
interest: foot contact, maximal external rotation (ER), ball 
release, and maximal internal rotation. Data were analyzed 
with Noraxon MyoMotion 3.18.98 using a customized kine-
matic sequence algorithm to provide mean angles over 9 
throws of each quarterback. 
Results: Kinematic sequencing of the extremities re-

vealed shoulder abduction and ER peaked respectively at 
112° and 134° during acceleration, and decreased during 
follow-through. Elbow flexion ranged from 100° to 17°, de-
creasing after the cocking phase. Knee flexion remained 
relatively consistent, ranging from 29° to 46°. The trunk re-
mained relatively upright, generally leaning away from the 
throwing arm by 2° to 9°; however, quarterbacks experi-
enced an average of 23° of lumbar extension at maximal 
shoulder ER. The trunk initiated rotation with an average 
of 40° to the right at foot contact, which reversed during 
the acceleration phase to a maximum of 21° to the left. The 
pelvis followed a similar sequence, although the rotation 
of the pelvis toward the target began earlier in the cock-
ing phase and generally faced the target for the remainder 
of the throw (2-6° of left rotation). This sequence was seen 
in the hip-shoulder separation, which remained about 20°, 
initially favoring right trunk rotation in cocking phase, but 
quickly reversed to 20° favoring left trunk rotation in the 
follow-through. Minimal hip-shoulder separation (11°) oc-
curred at ball release. 
Conclusion: This pilot study provided kinematic se-

quencing similar to previous video analysis studies and 
added insight into the hip-shoulder kinematic sequencing 
in football quarterbacks. 
Presenting Author:  phillip.page@Franu.edu 

(11) DEEP GLUTEAL PAIN: WHEN MIXED 
NOCICEPTIVE AND NEUROPATHIC PAIN 
DRIVERS MASQUERADE AS PROXIMAL 
HAMSTRING STRAIN 

Jamali M1, Cho R2. 

Mass General Brigham at Newton-Wellesley Hospital 
Ambulatory Care Center 
Introduction: Deep gluteal pain (DGP) is a common oc-

currence in outpatient physical therapy settings. Etiologies 
may include ischiofemoral impingement, piriformis syn-
drome, hamstring tendinopathy, hamstring syndrome, and 
lumbosacral radiculopathy. This case study uses the Pain 
and Disability Drivers Model (PDDM) to differentially diag-
nose and inform intervention. 
Case Description:  A 32-year-old female diagnosed with 

right hamstring strain, was referred to outpatient physical 
therapy. PMH included obesity with a BMI of 30, anxiety, 
depression, partial thyroidectomy. Her Global Health was 
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54%. PHQ-2 score was 0/6 and GAD-7 score was 1/21. No 
prior pertinent imaging was available. 
Outcome: During the initial virtual examination, the pa-

tient stated her low back pain started four weeks prior with 
no known cause. The back pain had since resolved but she 
was now reporting pain localized to the right buttock, ex-
acerbated by rolling in bed or transitioning from a seated 
to supine position. Symptoms were alleviated with standing 
or walking. Pain radiated down the posterior thigh termi-
nating proximal to the knee. Initial NPRS reflected a pain 
score ranging from 1/10 to 8/10. She was taking 600 mg 
ibuprofen BID with minimal effect. Initial LEFS score was 
69/80 (86%). Observation showed bilateral genu recurva-
tum and pes planus with a FPI-6 score of +4. Lumbar flex-
ion was limited to 70% secondary to hamstring tightness. 
Lumbar extension was full and painless while return to 
standing elicited gluteal pain. Right lateral lumbar flexion 
generated mild discomfort in the right hamstring. Seated 
rotation caused mild discomfort in lumbosacral region. 
Quadruped position, backward and forward rocking elicited 
pain in the hamstring region. Hip ROM was WNL and pain-
less. Mild weakness in the hamstrings was noted during 
supine bridging. Active SLR without a belt was 60 degrees 
on the R, limited by concordant pain, and 90 deg on the L. 
Physical exam revealed absent right ankle jerk reflex. Pos-
itive confirmatory tests: Seated Slump, Single Limb Chair 
Bridge, Puranen–Orava, Long-Stride Walking. Negative spe-
cial test: Seated Piriformis Stretch Test. The differential di-
agnoses of hamstring tendinopathy and hamstring syn-
drome were considered. A plan of care was established to 
address impairments. HEP included eccentric hamstring 
strengthening and seated sciatic nerve glide. 
Discussion: Initial PT treatment focused on hamstring 

tendinopathy, however due to limited improvement with 
conservative therapy, a request to the treating physiatrist 
was made for dedicated imaging after 4 visits. MRI results 
revealed a L5-S1 disc extrusion, a labral tear, mild 
tendinopathy in the gluteus medius and proximal ham-
string muscles. A bony lesion of unknown clinical signif-
icance was identified in the posterior acetabulum, later 
characterized by an orthopedic oncologist as an enchon-
droma without cortical erosion, periosteal reaction, or soft 
tissue involvement. The patient was prescribed 100 mg 
Gabapentin at bedtime and topical lidocaine patches were 
recommended. She received a steroid injection into the 
right gluteus medius and hamstring muscles while contin-
uing her physical therapy for a total of 19 visits over eight 
months. Final NPRS was 0/10, LEFS was 95%, and HOOS 
score was 100%. 
Conclusion: Using PDDM, we constructed a radar plot to 

determine the primary drivers of pain and disability. Asym-
metrical areflexia supported a neuropathic etiology while 
pain elicited with applied pressure supported a nocicep-
tive determinant. Cognitive, emotional, and social factors 
played a minimal role in this patient’s presentation; there-
fore, disability drivers were not investigated further. 
Clinical impression:  Red flag symptoms are divided 

into different classes. While some findings require imme-
diate medical attention, others allow examination and ini-

tiation of care while dedicated physical therapy is con-
tinued. This case study demonstrates the importance of 
an interdisciplinary approach with effective communica-
tion and informed investigation. It underscores the impor-
tance of astute clinical reasoning as precautionary inter-
vention measures are implemented. 
Presenting Author:  1m.jamali@verizon.net 

(12) EVALUATION OF QUARTERBACK 
THROWING MECHANICS: A SCOPING REVIEW 

Foret W1, Page, P2 

Background: The biomechanics of a football quarter-
back’s full-body throwing motion are understudied in com-
parison to baseball pitching mechanics. Although less com-
mon, quarterbacks can suffer from similar stress injuries as 
baseball pitchers. Understanding the throwing mechanics 
of quarterbacks may help guide prevention, performance, 
and rehabilitation programs. 
Purpose: The purpose of this scoping review was to 

identify studies that analyzed and quantified the biome-
chanics (kinematics, kinetics, and electromyography 
(EMG)) of the throwing motion in football quarterbacks. 
Study Design:  Scoping Review 
Methods: A systematic literature search was performed 

in May of 2022 in the following databases: CINAHL, Med-
line, and SPORTDiscus. Boolean searches and terms in-
cluded: “quarterback,” “throwing,” “football,” and “biome-
chanics.” The article inclusion criteria were studies that 
measured kinematics, kinetics, and/or EMG of football 
throwing mechanics. Exclusion criteria were (1) abstracts 
without full text; (2) literature reviews or Level 5 studies; 
(3) studies that did not include football quarterbacks. The 
selection and data extraction processes were performed by 
a single researcher following the PRISMA-ScR guidelines. 
Results/Discussion: Six studies were included (four 

Level 3 observational studies3-6 and two Level 4 case stud-
ies1,2). A total of 94 quarterbacks were analyzed within 
all selected studies; there were 23 high school, 36 college, 
20 aspiring professionals, and 15 recreational male quar-
terbacks. The age range of the subjects was 15 to 32.4,6 

Most cited biomechanical research on football throwing 
was from 3 studies completed between 1995 and 2002.3-5 

Maximum angular velocity of elbow extension was reported 
to be between 1,280°/s and 1,760°/s while internal rotation 
was reported to be between 2,990°/s and 4,950°/s.1,5 

Reasearchers2-6 have described between 3 to 6 phases to 
quantify the throwing motion amongst quarterbacks. One 
researcher analyzed ground reaction forces (GRFs) through 
the lower extremities during various drop-back steps rang-
ing from 1024N to 1510N.1 All studies collected data using 
high-speed cameras and data acquisition systems (60 to 
1000 Hz) both inside labs and outdoors using various drop-
back steps1 and a range of throwing distances (4 to 30 
yards), while one study completed two throws for max dis-
tance.6 
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Conclusion: This review suggests that technological ad-
vances in biomechanical data collection and the progres-
sion of coaching and training necessitate an updated eval-
uation of quarterback biomechanics during throwing across 
multiple age groups, drop-back steps, receiver patterns and 
throwing distances. New technology such as wireless EMG 
and inertial motion units may provide updated biomechan-
ical data in more realistic environments for football quar-
terbacks. 
Presenting author:  wforet@moreaupt.com 

(13) INCORPORATING BOTH MODIFIABLE AND 
NON-MODIFIABLE FACTORS IMPROVE 
PROFESSIONAL BASEBALL PITCH INJURY NET 
BENEFIT COMPARED TO CURRENT BEST 
EVIDENCE-BASED PRACTICE. 

Bullock GS3,4 , Thigpen CA1 , Collins GS5,6 , Arden N1,2 , 
Noonan TK7,8, Kissenberth MJ, Wyland DJ9, Shanley E1,2 

Background: The best available evidence to guide pitch-
ing injury reduction has focused on evaluating each specific 
physical factor in isolation. Clinical prediction models have 
demonstrated the ability to account for the multi-factorial 
nature of injuries that can aid in clinical decision making. 
Clinical accuracy is an important step in developing im-
proved clinical examination; however, these current analyt-
ical methods do not assess the true impact of clinical de-
cisions on patient/team health outcomes. Net benefit can 
assess clinical impact of clinical decisions. Net benefit 
methodology can be used to assess an action by calculating 
the potential value and harm of the action on the same 
scale, allowing for a direct comparison. While calculating 
the net benefit of one particular injury threshold is impor-
tant, within sport, injuries vary between different teams, 

competition levels, and individual pitchers. As a result, the 
net benefit of a prediction model must be analyzed over 
a range of thresholds through decision curves, allowing to 
evaluate the clinical decision impact at the organizational 
level. 
Purpose: To determine if a clinical prediction model 

improves clinical decisions compared to current best evi-
dence-based practice in minor league (MiLB) pitchers. 
Design: Prospective cohort in MiLB 
Methods: A 10-year prospective injury risk study was 

conducted with MiLB pitchers. Pitchers were evaluated dur-
ing preseason and pitches and arm injuries were docu-
mented prospectively. Preseason measures included shoul-
der internal, external, and horizontal adduction range of 
motion and humeral torsion using validated methods. Body 
mass index, arm injury history, professional experience, 
and arm dominance were also assessed. Pitches and arm in-
juries were documented throughout the season. A priori it 
was determined that 400 pitchers were needed to develop a 
multivariable prediction model. A logistic regression incor-
porating non-linear transformations was developed and in-
ternal validation was performed with elastic net and 10-fold 
cross-validation. Clinical decision analysis curves, which 
calculate net benefit, were performed with an a priori risk 
threshold of 15-30% based on published baseball injury 
rates and stakeholder involvement. Net benefit is calcu-
lated by (sensitivity - (1 - specificity)) * sample injury rate. 
Net benefit is interpreted on an additive scale, such that 
one point increase in net benefit is equivocal to properly 
identifying one more patient with the outcome without 
falsely misidentifying other patients that will not have the 
outcome as sustaining the outcome. The clinical net benefit 
was determined by comparing clinical decision curves be-
tween groups that treat all as high risk (‘‘treat all’’), all are 
at low risk (“treat none”), and ‘risk profile’ (TROM > 10° dif-
ference and HA < 0°). 
Results: 407 MiLB pitchers (Age: 23.2 (2.4); BMI: 25.1 

(2.3); Right-Handed: 83%; 141 arm injuries) participated. 
Arm injury incidence was 0.27 arm injuries per 1000 
pitches. The prediction model demonstrated greater net 
benefit. At 20% risk, ‘treat all’ demonstrated 0.06, TROM 
0.13, HA -0.01, and prediction model net benefit was 0.21. 
At 25% risk, ‘treat all’ demonstrated -0.25, TROM 0.04, HA 
0.00, and prediction model net benefit was 0.07. 
Conclusions: The multivariable prediction model 

demonstrated greater clinical net benefit compared to 
‘treat all’ and ROM risk profiling for pitchers between 
15-30% arm injury risk. Out of 100 pitchers, at 25% arm in-
jury risk, the prediction model would improve injury iden-
tification by 3 pitchers compared to TROM risk profiling, 
and compared to ‘treat all’ that would intervene on all 
100. While only modifiable factors can be intervened upon, 
these findings suggest including both modifiable and non-
modifiable factors can improve injury risk assessment and 
clinical resource allocation compared to current evidence 
which assesses each risk factor in isolation. 
Presenting Author:  Charles.thigpen@atipt.com 
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(14) COMPARISON OF ADOLESCENT PITCHING 
ARM INJURIES OUTCOMES BETWEEN GROWTH 
PLATE AND SOFT TISSUE INJURIES 

Kline D, Thigpen CA1, Kissenberth MJ, Shanley E1,2 

Background: Non operative management led by super-
vised rehabilitation is the first line treatment advocated for 
adolescent arm injuries. However, there is very little evi-
dence to guide a treatment approach including patient re-
ported outcome (PRO) measures at the time of return to 
sport. While many patients are given region specific PRO, 
they not overly sport-specific and have demonstrated a ceil-
ing effect in athletic populations. Sport specific scales such 
as the Functional Arm Scale for Throwers (FAST) is spe-
cific, but lengthy. In other populations the Single Assess-
ment of Numeric Evaluation (SANE) has shown acceptable 
measurement properties, however it has not been evaluated 
in the throwing athlete. 
Design: Retrospective cohort 
Purpose: To compare region specific PROs, FAST and 

SANE scores at time of RTS for non-operative baseball 
pitchers following arm injury. 
Design and Setting:   Retrospective review of non-opera-

tive adolescent baseball players at time of RTS from a large 
outpatient orthopedic physical therapy clinic. 
Participants: Adolescent baseball pitchers (15.0 + 1.9yo; 

36 R handers; 175 ± 11.3 cm, 69 ± 14.3 kg), who completed 
non operative rehabilitation for either soft tissue (ST) or 
growth plate (GP) injuries were included for analysis. 
Methods: Pitchers completed a region-specific PRO, ei-

ther Quick Dash (DASH) for elbow or Pennsylvania Shoul-
der Scale (PENN) for shoulder injuries at the beginning and 
end of care. Additionally, at the time of RTS pitchers com-
pleted the FAST and SANE at the time of return to sport. A 
one-way ANOVA comparing age, visits, and outcome mea-
sures between injury types and body regions was performed 
(⍺≤ 0.05). Pearson correlation coefficients were also as-
sessed between region specific PRO, FAST and SANE scores 
at time of RTS. 
Results: When comparing the 29 ST to the 11 GP in-

juries, pitchers with ST injuries tended to be older (15.3 ± 
4 v 14.2 ± 5 years; P=0.10), taller (177 ± 11 v 169 ± 14 cm 
P=0.07), and heavier (72 ± 9 v 62 ± 10 kg P=0.05) than pa-
tients with a GP injury. Average visits 17.8 ± 7.9, PENN = 
97% ± 10, DASH = 96% ± 14, SANE =94± 8 and FAST 9% ± 
9 scores were not different between groups (P> 0.05). There 
was a moderate correlation between FAST and SANE scores 
(-0.53), but not region-specific PROs (0.20). 
Conclusion: Adolescent pitchers who complete rehabili-

tation and return to sport require around 18 visits over 8-12 
weeks to achieve normalized patient outcome measures. 
Interestingly, adolescents with GP injuries have greater dis-
ability at onset and experience lower region PROs at time 
of RTS even though their sport specific PRO and SANE are 
normalized. The SANE appears to provide a simple, reason-

able approximation of pitcher function at the time of RTS 
in adolescent pitchers and is not influenced by arm injury 
location or type. 
Presenting author:  Ellen.shanley@atipt.com 

(15) ORGANIZATIONAL RISK PROFILING AND 
EDUCATION ASSOCIATED WITH REDUCTION IN 
PROFESSIONAL PITCHING ARM INJURIES: A 
NATURAL EXPERIMENT 

Thigpen CA1, Bullock GS3,4, Collins GS5,6, Arden NK1,2, 
Noonan TK7,8, Kissenberth MJ, Wyland DJ9, Shanley E1,2 

Background: Baseball has a high injury incidence, and 
these injuries continue to increase. The greatest injury in-
cidence is to the shoulder and elbow, with pitchers having a 
higher injury incidence and prevalence than position play-
ers. One method to assess injury risk is through risk profil-
ing. Risk profiling is defined as the ability to screen individ-
uals and subsequently identify individuals at high risk for 
the outcome (i.e., injury). Within baseball, risk profiling has 
been performed, with shoulder range of motion used as the 
risk profile gold standard. However, despite the integration 
of injury risk profiling, education, and individualized inter-
ventions for high injury risk athletes, it is currently unclear 
how these strategies affect injuries in professional baseball 
pitchers. 
Purpose: To evaluate the influence of risk profiling and 

education on arm injury incidence in minor league (MiLB) 
pitchers and to stratify by injury severity. 
Study Design:  Prospective natural experiment in MiLB. 
Methods: A prospective natural experiment study was 

conducted from 2013-2019 on MiLB pitchers. Shoulder ex-
ternal (ER) and internal (IR), total range of motion (TROM), 
horizontal adduction (HA), and humeral torsion (HT) were 
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measured in preseason and prospectively followed through-
out the season for pitch count, pitching appearances, and 
injuries. Organizational risk profiling and education was 
implemented in 2015 based on preseason assessments. 
Shoulder IR ROM risk was defined as <= -15 degrees, shoul-
der ER ROM risk was defined as >= 15 degrees, shoulder 
TROM risk was defined as <= -10 degrees, and dominant 
shoulder HA risk as < 0 degrees. χ2 were performed to in-
vestigate potential differences between shoulder ROM risk 
categories between the 2013-2014 (Pre) and 2015-2019 
(Post) seasons. Interrupted time series analyses with qua-
sipoisson distributions were performed to assess the effect 
organizational risk profiling and education on arm injury in 
MiLB pitchers and repeated for 7 and 28 day injury severity. 
Sensitivity analyses were performed separately for elbow 
and shoulder injury, time to injury, and combined trunk and 
lower extremity injury. 
Results: 297 pitchers (Age: 23.0 (2.2) years, Left Handed 

= 21%) were included (Pre: 119, Post: 178). Pitchers in the 
2013-2014 seasons demonstrated less preseason shoulder 
injury risk for IR (P= 0.003) and ER (P= 0.007), while the 
2015-2019 seasons demonstrated less HA risk (P= 0.04). 
There were no differences between seasons for TROM risk 
(P=0.76). There was a significant adjusted time loss arm 
injury reduction for the 2015-2019 seasons (0.68 (95% CI: 
0.47, 0.99)). Similar relationships were observed for 7 days 
(0.62 (95% CI: 0.42, 0.93)), but not for 28 days (0.71 (95% 
CI: 0.47, 1.06)). There was a significant decrease in elbow 
injuries for the 2015-2019 seasons (0.53 (95% CI: 0.30, 
0.95), p = 0.034). There was no reduction in shoulder in-
juries for the 2015-2019 seasons (0.89 (95% CI: 0.53, 1.56), 
p = 0.690). There was no relationship between arm injuries 
time occurrence within the baseball season (1.07 (95% CI: 
0.74, 1.56), p = 0.723). There was no reduction in combined 
trunk and lower extremity injuries for the 2015-2019 sea-
sons (1.55 (95% CI: 0.79, 3.01), p = 0.204). 
Conclusion: Organizational risk profiling and education 

appear to reduce professional pitching overall and 7 day 
arm injury risk by 33%-38% but not for 28 day injury risk 
due to the wide confidence intervals. These findings sug-
gest that while injury risk increased over time, organiza-
tional risk profiling mitigated the expected increase in arm 
injury rates. Risk profiling and education can be used as 
a clinical screening and intervention tool to help decrease 
arm injuries in professional baseball populations. 
Presenting Author:  Charles.thigpen@atipt.com 

(16) FORWARD FLEXION CAN RELIABLY BE 
MEASURED WITH A FRONT-FACING CAMERA 
USED FOR AT-HOME PHYSICAL THERAPY 

Shishani Y1, Denard P2, Higgins L3, Gobezie R1 

Background: Accurate assessment of shoulder range of 
motion (ROM) is important for both initial evaluation and 
evaluating the rehabilitation progress. Recently, digital 

platforms have been developed which assess ROM with the 
use of a front-facing camera available on smart phones. 
Such tools allow ROM to be objectively assessed and moni-
tored remotely but require validation. 
Purpose: The purpose of this study was to compare for-

ward flexion (FF) measured with a digital health platform 
(PT Genie, Orlando, Fl) to in-office measurements with a 
hand-held laser-powered digital goniometer (Halo Medical 
Devices, Australia) 
Study Design:  Prospective Evaluation. 
Method: Consecutive patients were evaluated in a single 

shoulder specialist’s practice. All participants completed 
3 consecutive FF efforts measured first with a digital go-
niometer, followed by 3 consecutive FF efforts measured 
with the front-facing camera of a mobile device. All digital 
goniometer measurements were recorded by the same ex-
aminer. All measurements using the front-facing camera 
were obtained with an iPhone 11 running iOS 15.4.1, and 
the PT Genie platform. The mean from the 3 measurements 
was calculated and the mean differences between the two 
measurement options were then compared using the simple 
Student t-test. Analysis was completed using SPSS version 
17 (SPSS Inc., Chicago). 
Results: Thirty-two patients, including 16 males and 16 

females, aged 58.5 ± 17.4 years (range 24-80) participated 
in the study. For both the digital goniometer and front-
facing camera groups there were no significant differences 
within the 3 measurements. Mean FF measured with the 
digital goniometer was 120.1° ± 24.7° (range 71.7° - 164.7°) 
compared to 123.5° ± 26.0° (range 74.7° – 173.0°) with the 
front-facing camera, for a difference of 3.4° between groups 
(p<0.001). 
Discussion/Conclusion: The findings from our study 

suggest that measurement of shoulder Forward Flexion is 
comparable between a handheld digital goniometer and a 
digital application front-facing camera. While small dif-
ferences were seen between the methods, the differences 
are not likely clinically relevant, and more importantly the 
findings were internally consistent. These preliminary find-
ings help in establishing the use of such an application for 
remote physical therapy. Further study is needed to assess 
other planes of range of motion and obtain data in a larger 
cohort. 
Presenting Author:  yousef@clevelandshoulder.com 
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Background: Physical therapy (PT) following shoulder 
surgery has traditionally occurred via in-office supervised 
visits. Recently digital health tools with remote patient 
monitoring (RPM) have emerged as an option to enhance 
the ability to both monitor and encourage engagement of 
home PT. The appeal of such tools has been accelerated by 
the impact of COVID-19 on the healthcare system. 
Purpose: The primary purpose of this study was to com-

pare patient-reported outcomes (PROs) following shoulder 
surgery of patients who completed at-home PT with a dig-
ital rehab application to patients who completed in-office 
supervised PT. The secondary purpose was to assess en-
gagement among patients who used digital PT. 
Study Design:  Retrospective Review. 
Methods: A retrospective matched comparative evalua-

tion was performed of patients who underwent arthroscopic 
shoulder surgery or shoulder arthroplasty at a single insti-
tution between April 2020 and May 2021. Patients who un-
derwent home-based physical therapy with a digital remote 
monitoring platform (PT Genie; Orland, FL) were identi-
fied and age and procedure matched (arthroscopy or arthro-
plasty) to a cohort of patients that underwent in-office 
physical therapy. The digital platform provided remote 
monitoring capabilities with measurement of range of mo-
tion. PROs measured preoperatively and at 1 year post-
operative included visual analogue scale pain score (VAS), 
American Shoulder Elbow Surgeons Score (ASES), and Sin-
gle Assessment Numeric Evaluation (SANE). Engagement 
measured as the number of sessions recorded was analyzed 

in the digital PT based on 6 age groups (≤40, 41-50, 51-60, 
61-70, 71-80 and 81+). Statistical analysis using the student 
t-test to compare means was performed using SPSS version 
17 (SPSS Inc., Chicago). 
Results: A total of 862 patients were identified, included 

396 arthroscopic surgeries (198 in each PT group) and 466 
in the arthroplasty group (233 patients in each PT group). 
The groups were similar at baseline other than a higher pre-
operative ASES score in the digital PT arthroplasty group. 
The ASES score for the PTG-arthroplasty group was 44.5 
and for the non-PTG group it was 39.0 (p=0.002). There 
was no significant difference in any PROs between the two 
groups at 1 year follow up. The highest engagement in dig-
ital PT group was observed in the arthroplasty group and 
over the age of 50. 
Discussion/Conclusion: In conclusion, there appears to 

be no difference in PROs following shoulder surgery 
whether physical therapy is performed in-office or at home 
via a digital platform with remote patient monitoring ca-
pabilities. Interestingly, engagement with digital PT was 
highest in older patients, suggesting that the technology 
is not a large barrier. Although further study is needed to 
confirm these findings, benefits of digital PT with remote 
monitoring may include: 1) Decreased cost for the health-
care system, 2) Decreased travel time for the patient, and 3) 
Scheduling efficiency and improved access to the PT for the 
patient. 
Presenting Author:  yousef@clevelandshoulder.com 
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