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ABSTRACT
Background: ACL injuries are common in sports, which has resulted in the development of risk screening 
and injury prevention programs to target modifiable neuromuscular risk factors. Previous studies which 
have analyzed single-leg cutting tasks have reported that the anticipation status of the task (pre-planned vs. 
unanticipated) has a significant effect on the mechanics of the knee.

Hypothesis/Purpose: The purpose of this systematic review is to assess the effect of anticipation on the 
mechanics of the knee in the sagittal, frontal, and transverse planes during tasks which athletes frequently 
perform during competition.

Study Design: Systematic Review

Methods: The following databases were searched using relevant key words and search limits: Pub Med, 
SPORTDiscus, CINAHL, and Web of Science. A modified version of the Downs and Black checklist was used 
to assess the methodological quality of the articles by two independent reviewers.

Results: 284 articles were identified during the initial database search. After a screening process, 34 arti-
cles underwent further review. Of these articles, 13 met the criteria for inclusion in this systematic review. 

Conclusions: It appears that tasks which do not allow a subject to pre-plan their movement strategy pro-
mote knee mechanics which may increase an athlete’s risk of injury. 

Clinical Relevance: Clinicians involved in the development and implementation of ACL injury risk screen-
ing and prevention programs may want to consider incorporating tasks which do not allow time for pre-
planning. These unanticipated tasks may more closely mimic the demands of the sports environment and 
may promote mechanics which increase the risk of injury.

Level of Evidence: Level 1b

Key Words: Anterior cruciate ligament, decision-making, knee biomechanics 
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INTRODUCTION
Each year, there are as many as 200,000 anterior cru-
ciate ligament (ACL) injuries in the United States 
alone, with the majority occurring in young athletes.1 
Unfortunately, the authors of a recent systematic 
review, which included a meta-analysis, determined 
that only 63% of athletes will return to their prior level 
of function and only 44% will return to competitive 
sports participation following an ACL reconstruction.2 
This is not the only reason for concern, as athletes 
who have experienced an ACL injury also demon-
strate accelerated degenerative changes of the knee 
even when they have undergone a successful surgical 
reconstruction.3 As a result of the high incidence of 
ACL injury and the potential long-term impact, ACL 
injury prevention programs which target modifiable 
neuromuscular risk factors have been developed.4-6 
A recent systematic review was conducted to assess 
the effectiveness of these programs.7 Fortunately, this 
report indicated that three of the eight programs eval-
uated resulted in a significant reduction in the inci-
dence of ACL injury. However, the potential for these 
programs to have a meaningful impact on ACL injury 
rates may still be limited as even the most effective 
of these programs would require 70 athletes to par-
ticipate in order to prevent a single non-contact ACL 
injury, based on the number needed to treat metric. 
The authors also discussed the large degree of vari-
ability in the training components included in these 
programs. The limited effectiveness and significant 
variability in ACL injury prevention programs may be 
due to an incomplete understanding of the important 
neuromuscular risk factors.8-10 This creates what has 
been described as the “ACL injury enigma” as it has 
been highlighted that an injury cannot be prevented 
if it is not completely understood.11 

The identification of biomechanical risk factors for 
ACL injury has been the result of a combination of 
studies which have predominantly involved human 
cadaver specimens,12-16 biomechanical analyses,17 or 
musculoskeletal modeling.18-20 This work has iden-
tified mechanics in the sagittal, frontal, and trans-
verse planes which contribute to ACL injury risk.21 
Understanding these mechanics has allowed for the 
identification of conditions or circumstances which 
may promote the risk of ACL injury. For example, 
both central and peripheral fatigue have been found 

to be factors which promote mechanics associated 
with an increased risk of ACL injury.22 This is con-
sistent with the observation that the majority of ACL 
injuries occur at the end of a half or the end of a 
game when athletes are fatigued.23-25 It appears that 
assessing key biomechanical variables can provide 
insight into the risk of ACL injury. 

The majority of ACL injuries are non-contact in 
nature and often occur in sports such as basketball 
and soccer26 which involve a relatively quick response 
to an external stimulus such as a ball, teammate, 
or opponent which cannot be anticipated. In these 
cases, an athlete is afforded limited time to identify 
the relevant stimulus and perform the neurocogni-
tive processing required to respond with a motor plan 
which will allow them to successfully complete a task 
without putting themselves at risk of being injured.27 
Interestingly, it has been previously reported that rel-
atively poor performance on a test of neurocognitive 
processing is associated with an increased risk of non-
contact ACL injury.28 Due to the fact that the majority 
of ACL injuries occur in sports which require landing 
and cutting in response to unanticipated stimuli and 
the fact that an athlete’s neurocognitive processing 
appears to play a role in regard to their risk of injury, 
researchers have begun to investigate the effect of a 
task’s anticipation status (pre-planned vs. unantici-
pated) on the mechanics of the lower extremity.27,29-31 
Understanding the role that anticipation plays in 
regard to ACL injury risk is not just of interest to 
researchers trying to understand the ACL enigma, it 
is also of great importance to clinicians involved in 
developing risk-screening and injury prevention pro-
grams. If unanticipated conditions promote injury 
risk in comparison to trials which allow for pre-plan-
ning, it is important that these types of unanticipated 
tasks are integrated into these programs. 

Studies investigating the effects of anticipation have 
used a variety of tasks, subject groups, and methodol-
ogies and have also included various dependent vari-
ables. This makes a systematic review on this topic 
of great importance in order to provide an unbiased 
overview which can help to guide future research 
and also inform clinicians who are interested in 
preventing ACL injuries. Therefore, the  purpose of 
this article is to systematically review the literature 
regarding the effect of anticipation on the  mechanics 
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of the knee in the sagittal, frontal, and transverse 
planes during tasks which athletes frequently per-
form during competition. 

METHODS
A literature search was performed using the data-
bases, key words and search limits provided in Table 
1. Articles which assessed the effect of anticipation 
on the mechanics of the knee during a single-leg cut-
ting tasks were included in this review. Only studies 
which included a single-leg land-and-cut or run-and-
cut task were included because these movements are 
common in sports and ACL injuries typically occur 
during tasks of this nature.26,32 Some studies also 
included a crossover cutting task. However, these were 
not included in this review as this activity is uncom-
monly performed during sports.30,33 The authors also 
chose not to include studies which implemented a 
training program to alter cutting mechanics as the 
current review was only intended to describe ACL 
injury risk and studies that included training did not 
allow for the delineation of the effects of anticipation 
independently of any training effects.34-36 Additional 
hand searching37 was conducted throughout the arti-
cle review process and a search using the Cited Ref-
erence Search tool provided by the Web of Science 
database was also performed.

Once the literature search was complete, each arti-
cle title and abstract was screened to determine if 
they were appropriate for inclusion in this system-
atic review.37 The methodological quality of each 

article was assessed using items from a version of 
the Downs and Black checklist which was previ-
ously modified for use in non-randomized biome-
chanical studies.22 This modified version includes 13 
of the 27 items from the original checklist which was 
developed for use in randomized clinical trials.38 The 
wording of some of the questions was also altered in 
order to provide clearer scoring criteria to improve 
the consistency among raters. Two reviewers inde-
pendently evaluated each article. Their scores were 
compared and a third reviewer was involved in the 
case of any discrepancies.37 A data extraction form, 
developed specifically for this review process, was 
provided to each reviewer involved in evaluating the 
articles in order to ensure consistency in identifying 
the key details (e.g. subject group(s), methods, task, 
outcomes) which needed to be highlighted within 
each study. This helped the reviewers determine 
if an article was appropriate for inclusion in this 
review and also allowed for analysis of the poten-
tial influence of additional factors (i.e. subject group, 
task) on the results of a study. 

Due to the heterogeneity of the tasks, methodology, 
and outcomes assessed in the studies, it was deter-
mined that a meta-analysis was not appropriate.37 
The focus was specifically on the biomechanical 
variables (joint angles and moments) of the knee 
as these are thought to have the most relevance to 
ACL injury. All moments are expressed as externally 
applied moments as this was the most commonly 
utilized convention among the articles included. 

Table 1. 
stimiLhcraeShcraeSdroWyeKesabataD

PubMed [ACL OR knee] Human subjects,  
 AND [anticipation OR decision making]  English language 

AND [biomechanics OR kinematics OR kinetics] 

SPORTDiscus [anterior cruciate ligament injury OR knee] 
(EBSCO)  AND [anticipation OR decision making]  

AND [biomechanics OR kinematics OR kinetics] 

CINAHL [knee OR anterior cruciate ligament OR lower extremity] 
(EBSCO)  AND [anticipation OR decision making]  

AND [biomechanics OR kinematics OR kinetics] 

Web of Science [ACL OR anterior cruciate ligament OR knee] 
 AND [anticipation OR decision making] 

AND [biomechanics OR kinetics OR kinematics]   
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When summarizing the results of the studies, the 
focus was on the peak angles and moments as these 
were most commonly reported. Studies that only 
looked at muscle activation patterns via electromy-
ography were not included as this was outside the 
scope of this review. 

RESULTS

Search Results 
The initial database search resulted in the identifi-
cation of 310 articles, with an additional 35 articles 
identified using the Cited Reference Search tool 
and through hand searching. After duplicates were 
removed, 236 articles remained. The titles and 
abstracts were screened which resulted in the exclu-
sion of 201 of these articles. The remaining 35 arti-
cles where read in full and evaluated for possible 
inclusion in the review. Thirteen of these articles 
met the criteria and were included. A flow diagram is 
provided in Figure 1 in accordance with the PRISMA 
Statement.39 This figure also includes the reasons for 
article exclusion. The primary reasons why articles 
were excluded were 1) they did not include a single-
leg cutting task, 2) they did not directly compare 
pre-planned and unanticipated trials, and 3) they 
implemented a training program. One study met all 
of the criteria for inclusion in this review, but was 
excluded because subjects were required to carry 

loads ranging from 6-40 kg during the trials in order 
to simulate military field operations.40 

A summary of the key details of the studies which 
were included in the current review are provided in 
Table 2. This includes the participant characteristics, 
task, and outcomes of interest. The consensus scores 
for the modified Downs and Black checklist are pro-
vided in Table 3. Both the overall scores and the 
scores for each individual criterion are presented.37

Sagittal Plane Mechanics
The authors of four of the seven studies included in 
this review, which analyzed the effect of anticipation 
on the sagittal plane knee angles, reported a statis-
tically significant increase in the peak knee flexion 
for the unanticipated trials in comparison to the pre-
planned trials.27,30,41,42 The authors of the three remain-
ing studies reported no significant differences.29,31,43 
None of the authors reported a reduction in the knee 
flexion angle in the unanticipated condition. The 
effect of anticipation on the sagittal plane moments 
was fairly inconsistent. The authors of two studies 
reported a significant increase in the external knee 
flexion moment in the unanticipated condition,30,43 
Khalid et al44 reported a significant decrease, the 
authors of three studies reported no significant differ-
ence between the conditions,29,31,41 and Besier et al27 
reported an increase in the unanticipated condition 
during a run-and-cut at 30°, but a significant decrease 
when the angle of the cut was performed at 60°. 

Frontal Plane Mechanics
The authors of each of the studies included in the 
current review reported the effect of anticipation on 
the mechanics (knee angles and/or moments) of the 
knee in the frontal plane. The authors of three of the 
studies included in this review reported a significant 
increase in the peak knee abduction angle when tri-
als were unanticipated,30,41,42 while the authors of 
three additional studies reported no significant dif-
ference.29,31,45 The authors of two studies, which both 
included NCAA Division I athletes, reported a sig-
nificant interaction between the effects of fatigue 
and anticipation on the peak knee abduction angles 
during a lateral cutting task, as the increase in the 
peak knee abduction angles for the unanticipated 
condition became more prominent as the subjects 
progressed through a general fatigue protocol.10,43 

Figure 1. Flow diagram based on the recommendations of 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) Statement.
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The authors of six of the included studies reported 
a significant increase in the peak knee abduction 
moment for the unanticipated condition,27,30,33,44,46,47 
while Cortes et al41 reported a significantly lower 
peak knee abduction moment in the unanticipated 
condition, and Brown et al31 reported that the effect 
of anticipation was not significant.31 Kipp et al45 also 
reported no significant effect of anticipation on the 
peak knee abduction moment in either a group of 
recreational athletes or a group of NCAA Division I 
athletes. However, they also performed a  principal 

components analysis48-50 on the knee moment wave-
forms and compared the effects of anticipation 
between the two groups of athletes and found a sig-
nificant interaction (group x condition) for the fourth 
retained principal component. This interaction indi-
cated that the magnitude of the abduction moment 
during early stance (~20%) increased for the unan-
ticipated trials in the recreational athlete group, but 
not for the group of NCAA Division I athletes. Simi-
lar to the results reported for the peak knee abduc-
tion angles, McLean et al43 also reported a significant 

Table 2. 
tseretnIfosemoctuOksaTscitsiretcarahCtnapicitraPydutS

Besier 
(2001) 

11 male soccer players Run-and-cut at 30° and 60° Sagittal angles 
Adjusted timing of stimulus to subject Sagittal, frontal, and transverse moments 

Borotikar 
(2008) 

24 female NCAA athletes Land-and-cut laterally Sagittal, frontal, and transverse angles 
(basketball, soccer, volleyball) Stimulus presented at 350 ms   

Brown 
(2009) 

13 males Land-and-cut laterally Sagittal, frontal, and transverse angles 
13 females Stimulus presented at 400, 500, and 600 ms 

McLean 
(2009) 

20 female NCAA athletes Land-and-cut laterally Sagittal, frontal, and transverse angles 
(basketball, soccer, volleyball) Stimulus presented at 400 ms Sagittal, frontal, and transverse moments 

McLean 
(2010) 

20 female NCAA athletes Land-and-cut laterally Frontal moments 
(basketball, volleyball, soccer) Stimulus presented at 650 ms 

Cortes 
(2011) 

13 female NCAA soccer players Run-and-cut at 45° Sagittal, frontal, and transverse angles 
stnemomlatnorfdnalattigaSsm054tadetneserpsulumitS

Park 
(2011) 

13 female college soccer players Run-and-cut at 45° Sagittal, frontal, and transverse angles 

Kipp 
(2013) 

12 female recreational athletes Land-and-cut laterally Frontal angles 
18 female NCAA athletes Stimulus presented at 350 ms Frontal moments 
(basketball, soccer, volleyball)   

Lee 
(2013) 

15 semipro male soccer players Run-and-cut at 45° Frontal and transverse moments 
15 amateur male soccer players Stimulus presented 450 ms 

Weinhandl 
(2013) 

20 female recreational athletes Run-and-cut at selgnaesrevsnartdna,latnorf,lattigaS°54
stnemomesrevsnartdna,latnorf,lattigaSsm006tadetneserpsulumitS

Kim 
(2014) 

37 male middle school soccer players Run-and-cut at 45° Sagittal, frontal, and transverse angles 
Sagittal, frontal, and transverse moments 

Mornieux 
(2014) 

stnemomlatnorF°54tatuc-dna-nuRsreyalpreccosruetamaelam31
sm005,006,058tadetneserpsulumitS

Khalid 
(2015) 

6 male soccer players Run-and-cut at 45⁰ Sagittal, frontal, and transverse moments 
6 female soccer players Adjusted timing of stimulus to subject 
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interaction between fatigue and anticipation as the 
increase in the peak knee abduction moment in the 
unanticipated condition became more prominent as 
subjects progressed through a fatigue protocol. 

Transverse Plane Mechanics
The effect of anticipation on the mechanics of the 
knee in the transverse plane was less commonly 
analyzed than the effects in the sagittal and frontal 
planes. However, the authors of four of the studies 
included in this review reported a statistically sig-
nificant increase in the peak knee internal rotation 
angles for the unanticipated trials,10,30,42,43 while the 
authors of two studies reported that anticipation had 
no effect on the transverse plane kinematics of the 
knee.29,31 Also, the authors of four of the included 
studies reported an increase in the peak internal 
rotation moment of the knee for the unanticipated 
condition,27,31,43,44 while the authors of two studies 
reported the opposite effect.30,47

DISCUSSION 
In general, anticipation had a prominent effect on 
the mechanics of the knee during the cutting tasks, 
which would likely result in an increase in the risk 
of an ACL injury. This finding was consistent with 
observational studies whose authors’ have reported 
that the majority of injuries occur during a landing 
and cutting task32,51 performed while competing in 
sports such as basketball and soccer which do not 
allow for pre-planning.26,52  

The implications of the effects of anticipation on the 
mechanics of the knee in the sagittal plane were dif-
ficult to ascertain. An increase in the external knee 
flexion moment would likely require a greater inter-
nal knee extension torque, mainly from the quad-
riceps musculature. This could potentially increase 
the risk of injury as force from the quadriceps has 
been shown to increase ACL strain by promot-
ing anterior translation of the tibia relative to the 
femur.12,13 In fact, DeMorat et al.12 reported that the 
application of a single quadriceps force of 4500 N at 
20° of knee flexion resulted in a rupture of the ACL 
in over half of the cadaver specimens they included 
in their analysis. However, many have begun to 
question how this cadaver work translates to sports-
related tasks as the authors of multiple musculo-
skeletal modeling studies have reported that sagittal 
plane mechanics alone cannot produce forces which 
are high enough to rupture the ACL during landing 
and cutting.53,54 This is primarily due to the large pos-
teriorly directed ground reaction force vector dur-
ing the initial landing phase which effectively limits 
the force which is transmitted to the ACL, as this 
vector passes behind the knee joint and limits ante-
rior translation of the tibia. Also, the increase in the 
knee flexion angle reported in the unanticipated tri-
als would most likely counteract the increase in the 
force produced by the quadriceps. This is due to the 
fact that the hamstring musculature becomes more 
effective at assisting the ACL in limiting the ante-
rior translation of the tibia as the knee flexion angle 

Table 3. (+) study met criteria  (-) study did not meet criteria
Modified Downs and Black Criteria  Besier 

(2001) 
Borotikar 

(2008) 
Brown
(2009) 

McLean 
(2009) 

McLean 
(2010) 

Cortes 
(2011) 

Park 
(2011) 

Kipp 
(2013) 

Lee 
(2013) 

Weinhandl 
(2013) 

Kim 
(2014) 

Mornieux 
(2014) 

Khalid 
(2015) 

  
 + miA raelC + + + + + - + + + + + + 

Outcomes described + + + + + + + + + + - + + 
Subjects described - + - + + + + + + + - + + 

 + debircsed )s(ksaT + + + + + - + + + + + - 
Main findings clearly described + + + + + + + + + + + + - 
Measures of random variability - + + + + + + + + + + + + 
Reporting of probability values - - + - + + + - + + + + + 
Subjects represent population - - - - - - - - - - - - - 
Included subjects represent population - - - - - - - - - - - - - 

 + sisylana dennalP + + + - + - + + + + + + 
Appropriate statistics + + + + + + + + + + + + + 
Accuracy of outcome measures - + + + + + - + + + + + + 
Sample size calculation - + + + + - - - + - - + - 
Total Score 6 10 10 10 10 10 6 9 11 10 8 11 8 
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increases.13,20,55 However, Weinhandl et al29 used a 
musculoskeletal modeling approach to estimate the 
forces acting on the ACL and reported that anticipa-
tion significantly increased ACL loading (combined 
sagittal, frontal, and transverse plane forces). Inter-
estingly, the increase in the ACL force was primar-
ily due to an increase in the loading in the sagittal 
plane. It seems that further analysis is required in 
order to truly understand how the sagittal plane 
mechanics of the knee contribute to ACL injury risk. 

In the frontal plane, the effects of anticipation were 
relatively consistent as the results of multiple studies 
demonstrated an increase in the peak knee abduc-
tion angle and peak knee abduction moment. This is 
concerning as these mechanics have been previously 
shown to increase ACL strain18,19,56 and have also been 
reported to prospectively predict ACL injury when 
observed during a land-and-jump task.17 The frontal 
plane mechanics of the knee for the unanticipated 
trails also appear to be influenced by the athletes’ 
level of fatigue. In fact, some have proposed that 
unanticipated tasks, performed when an athlete is 
fatigued, represent the “worst case scenario” in regard 
to ACL injury risk.10,43 The effects of fatigue appear, 
at least in part, to affect central control mechanisms 
(suprapinal and spinal components) as McLean et al43 
utilized a single-leg progressive fatigue protocol and 
found an interaction between the effects of antici-
pation and fatigue for the frontal plane mechanics 
of the knee. The nature of the interaction indicated 
that the difference between pre-planned and unan-
ticipated trials became more prominent with fatigue. 
Interestingly, they also found similar results in the 
non-fatigued limb. The authors concluded that this 
inter-limb crossover supports the premise that the 
effects of fatigue are centrally mediated. While the 
effects of central fatigue can occur anywhere in the 
nervous system from the cerebral cortex to the neu-
romuscular junction,57-59 future studies would likely 
benefit from attempting to more precisely explain 
the mechanism behind the relationship between 
fatigue and anticipation. This is important as com-
bating the effects of fatigue at the spinal level would 
likely require different intervention approaches than 
at the supraspinal level. 

Similar to the frontal plane, anticipation was reported 
to have significant effects on the mechanics of the 

knee in the transverse plane. The most consistent 
finding was an increase in the internal rotation 
moment in the unanticipated condition. This is also 
concerning as Flemming et al56 found that applying 
an internal rotation torque to the knee increased the 
ACL strain in a group of 11 subjects who had a trans-
ducer implanted arthroscopically into their ACL. It 
has also been reported that the effects of loading in 
the frontal and transverse planes can have a com-
bined effect19,60 which may result in ACL strains 
which are high enough to result in a rupture of the 
ligament.19 In regard to ACL injury risk, it appears 
that the most prominent effects of anticipation may 
occur in the frontal and transverse planes of motion.

From a research perspective, the results of this 
systematic review indicate that when performing 
a study to investigate possible risk factors for ACL 
injury, the demands of the task must be carefully 
considered, as anticipation appears to be a signifi-
cant independent risk factor and may interact with 
other risk factors for ACL injury. Also, if incorpo-
rating an unanticipated task, it is important to con-
sider the timing of the stimulus provided, as there 
appears to be a cutoff point (between 600-800 ms) in 
regard to the presentation of the stimulus to the time 
in which the subject must complete the task (i.e. 
cut), where knee joint kinematics and kinetics are 
affected. Times which are greater than this thresh-
old are thought to allow participants time to success-
fully develop a motor plan which will not increase 
their risk of injury.33 However, the specific cutoff 
point may depend on the complexity of the task 
and the subject sample (recreational vs. elite ath-
letes).31 Finally, some have advocated for the imple-
mentation of stimuli which better reflect the sports 
environment in an effort to improve the ecological 
validity.41,47 While most studies used a relatively 
simple stimulus (e.g. alternating colors, arrows, 
etc.) to direct movement10,27,29,43,46 others have begun 
to incorporate different stimuli which may more 
closely mimic sport participation.41,47 For example, 
Lee et al47 compared a traditional arrow stimulus to 
a stimulus which required subjects to respond to a 
video of a soccer defender and found that while both 
significantly influenced knee mechanics, the game-
like soccer simulation had a more prominent effect. 
While this is certainly a worthwhile endeavor, all 
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of the methods used to assess the effects of antici-
pation are still relatively controlled in comparison 
to the demands of the sports environment as most 
involve only two or three choices. Finally, studies 
that include a run-and-cut task should be carefully 
designed to control for the approach speed as two of 
the studies reported significant differences between 
the pre-planned and unanticipated trials.27,41 

For professionals interested in ACL risk screening 
and injury prevention, the results of this review 
support the integration of tasks that specifically 
target central control mechanisms. Authors have 
previously proposed the use of decision-making 
tasks,27,45 neurocognitive training,45 virtual real-
ity training,31,43 and metal imagery43 as approaches 
which could potentially allow athletes to reduce 
their risk of injury in the dynamic sports environ-
ment. The potential for training is supported by the 
findings of Kipp et al45 where recreational athletes 
demonstrated greater differences between their pre-
planned and unanticipated trials than NCAA Divi-
sion I athletes. These authors proposed that this 
is likely due to the fact that the NCAA Division I 
athletes had improved their ability to perform in 
dynamic conditions as they may have more expo-
sure to tasks which do not allow for pre-planning. 
However, it is impossible to determine from their 
cross-sectional design whether the elite athletes 
improved performance under unanticipated condi-
tions was experience-driven or whether their innate 
ability had contributed to them reaching their ath-
letic status. Nonetheless, intervention studies do 
support the fact that the effects of anticipation may 
be modifiable with appropriate training.34-36 Current 
training programs typically involve exposing athletes 
to unanticipated run-and-cut or land-and-cut tasks, 
similar to those included in the studies which have 
analyzed the effects of anticipation. The basic prem-
ise of this approach is that this training can improve 
an athlete’s neurocognitive processing within a rela-
tively controlled environment and that the effects 
of this training will translate into improvements in 
motor control within the sports environment. Train-
ing studies have not typically involved any type of 
progression. However, altering the timing of the 
stimulus and/or increasing the number of response 
options seem like viable options. Other approaches 

which target neurocognitive processing should also 
be investigated (e.g. mental imagery, choice reac-
tion tasks, dual task training) as these interventions 
would likely be very easy and relatively inexpensive 
to implement on a wide scale.46 Developing pro-
grams which do not require trained personnel and 
costly equipment may play a key role in reducing 
the rate of ACL injury. This is an area of research 
that certainly merits further study.

This systematic review does have some limitations, 
which need to be carefully considered. First, as with 
all systematic reviews there is a significant risk of 
publication bias, as studies demonstrating statisti-
cally significant differences in outcomes are more 
likely to be published. No attempt was made to con-
tact the authors of the studies in this review in order 
to address this limitation. Second, while the method-
ological quality of the articles included in this review 
was assessed using a previously modified version 
of the Downs and Black checklist, no articles were 
excluded based on quality. Unfortunately, there is 
not a well-developed checklist to evaluate the meth-
odological quality of studies which are not random-
ized control trials. While the authors of this paper do 
have experience using these types of rating systems, 
there is no training program available to ensure con-
sistency as there is with other scales. Further devel-
opment of tools to assess the methodological quality 
of non-randomized trials, including the Downs and 
Black checklist, appears warranted. Finally, while 
this review only analyzed the effects of anticipation 
on the mechanics of the knee, the mechanics of the 
hip and the ankle may also be affected29,41,47 and may 
contribute to the risk of ACL injury. 

It is also important to note that a similar systematic 
review, which included a meta-analysis, was recently 
performed by Brown et al.61 However, these authors 
only included articles which assessed a run-and-cut 
task where the approach speed was between 3.0 
to 5.5 m/s in an attempt to allow for a comparison 
among studies. However, in doing this they excluded 
any study which used a land-and-cut task. The arti-
cles that Brown et al excluded provided valuable 
information within the current review and landing 
and cutting is also a common task involved in sports. 
As a result, they only included three of the thirteen 
articles that were included in the  current review. 
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They also did not address how anticipation can inter-
act with fatigue and how there appears to be some 
experience-driven adaptations. Both of these factors 
have important implications for both researchers and 
clinicians and should be included in a review of this 
nature. Finally, their systematic review was limited 
in regard to their analysis of the effects occurring in 
the frontal and transverse planes by only including 
a single study which analyzed the effect of anticipa-
tion on frontal and transverse plane kinematics. 

CONCLUSION
 In conclusion, the results of this systematic review 
indicate that anticipation has a significant effect 
on the mechanics of the knee in the sagittal, fron-
tal, and transverse planes during cutting tasks. It 
appears that tasks which do not allow an athlete to 
pre-plan their movement promote mechanics which 
may increase the risk of ACL injury. This has impor-
tant implications for both researchers and clinicians 
involved in the development of ACL risk screening 
and injury prevention programs. Researchers must 
carefully consider the demands of the tasks they 
include in their protocols and clinicians may benefit 
from implementing activities which involve cutting 
in response to a stimulus that cannot be anticipated. 
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ABSTRACT
Background: Although many authors have studied the prognostic factors that may contribute to anterior knee pain, 
synthesis of the existing evidence has not been performed.

Purpose: The purpose of this systematic review is to summarize and examine existing prognostic models in patients 
with anterior knee pain that first present to physical therapists (primary care setting).

Design: Systematic review

Method: For this review Pubmed, Embase and Cinahl databases were searched and published papers that reported 
prognostic models for patients with anterior knee pain that first present to physical therapists (primary care setting) 
were selected. The authors extracted and summarized the univariate and multivariate predictors and evaluated which 
predictors consistently appeared to be relevant to pain, function, or recovery.

Results: Nine studies were included. The quality scores of these studies ranged from 9 to 17 positive items out of 21 
items included in the assessment for quality. None of the prognostic models were validated internally or externally. 
Four studies were considered to be of sufficient quality. The authors of these four studies found 14 different predictors 
significantly related to pain intensity of which seven with limited evidence. Fifteen different predictors were found 
that were related to function of which seven with limited evidence. Furthermore, strong evidence was found that 
baseline pain intensity, pain coping and kinesiophobia are of no predictive value for pain, and activity related pain, 
pain coping and kinesiophobia are of no predictive value for function at follow up.

Conclusions: Because of the low quality of a number of studies and the heterogeneity of the examined variables and 
outcome measures of most of the studies, only limited evidence for seven predictors related to pain and seven predic-
tors related to function in patients with anterior knee pain in a primary care setting was found. 

Level of Evidence: 1b

Keywords: anterior knee pain, patellofemoral pain, physical therapy, prediction, prognostic models, primary care 
setting.
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INTRODUCTION
Anterior knee pain, also known as patella femo-
ral pain syndrome, is a condition that occurs most 
commonly in active young adults and adolescents, 
often leading to functional impairments.1,2 It is char-
acterized by pain in the anterior part of the knee 
during and after several physical activities (e.g. bod-
yweight loading of lower extremities) such as walk-
ing, stair climbing/descent, squatting, and sitting 
with the knees flexed.3 In athletically active men 
and women the prevalence of anterior knee pain 
is reported to be 25%.4,5 The cumulative incidence 
of anterior knee pain is reported as 9.7/100 athletes 
and 1.1/1000 athletic exposures.6 Females are over 
two times more likely to develop anterior knee pain 
compared to males.7 Despite the high prevalence of 
AKP in young people, there is no consensus in the 
literature concerning its pathogenesis, prognosis, 
and treatment.8,9,10,11 In a random sample of patients 
with anterior knee pain, 30-50% of the patients still 
suffered from symptoms after several years.8,12 

Knowledge of prognostic factors is essential for 
physical therapists in order to make treatment deci-
sions.13,14,15 Some authors have shown that several 
conservative treatment strategies are effective but 
most of their studies are small and were conducted 
in a mixed population of patients with anterior knee 
pain.16 This makes it difficult to judge which patients 
will benefit most from a specific treatment option. 
Clinical prognostic models may provide important 
input for more specific treatment decisions. These 
models combine a number of patient characteristics 
in order to predict prognosis, and they may be used 
by the physical therapist to advise the patient or tai-
lor treatment to the need of the patient.17 

In the past decades, many prognostic models have 
been developed for patients that first present to 
physical therapy (primary care setting), including 
several concerning the prognosis of anterior knee 
pain. The available prediction models are not yet 
ready for application in clinical practice because 
of their preliminary stage of development.18,19,20 
These anterior knee pain models vary with regard 
to patient populations, outcome measures, and rel-
evant prognostic factors, which hampers the gener-
alizability and implementation of these models in 
clinical practice. 

Therefore, the primary aim of this study was to sum-
marize and examine existing prognostic models in 
patients with anterior knee pain that first present to 
physical therapists (primary care setting). The sec-
ondary aim was to develop a new prognostic model 
to be used and validated in primary care physical 
therapy. 

METHODS

Data sources and searches
An extensive search of the databases Pubmed, 
Embase and Cinahl was performed in 2012 and an 
additional search conducted in January 2015. The 
search was based on a previously derived and vali-
dated search strategy.19 The specific search strategy 
is published; see also Appendix A for details.19 In 
addition, the reference lists of the identified studies 
were screened to detect potentially relevant studies. 

Study selection
Studies were selected that included prognostic mod-
els concerning patients with anterior knee pain or 
subgroups of patients with anterior knee pain.19 A 
prognostic model (or prediction model) is defined 
as a model that combined at least two characteris-
tics typical based on multivariable analyses.17 The 
authors selected studies that were relevant for phys-
ical therapists in primary care, published in English, 
conducting a multivariable analysis and using Patient 
Related Outcome Measures (PROMS) such as: pain, 
function or recovery. Randomized controlled trials 
(RCT’s), case studies, retrospective cohort studies 
and studies that aimed to develop a questionnaire 
were excluded.19 RCT’s and case studies use strict in- 
and exclusion criteria, which limits generalizability, 
retrospective cohort studies have a high risk of bias 
and therefore limited evidence and questionnaire 
studies use a different design and purpose.

Four review authors were involved in the study selec-
tion process (AV, MH, LO and GP). First, two review 
authors independently screened all references found 
with the initial search on title and abstract. Next, two 
review authors independently screened the full texts 
of the potential eligible articles based on the selec-
tion criteria. In case of disagreement consensus was 
achieved or a third independent review author was 
contacted.
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Data extraction
Data extraction included patient characteristics, 
country and setting in which the study was exe-
cuted. Also data on the number of predictors used in 
the univariable analyses as well as the multivariable 
analyses were extracted. Data extraction included 
also the reasons why the chosen predictors were 
selected for the analyses and whether predictor vari-
ables were dichotomized. The authors scored which 
predictors were univariably significant and/or multi-
variably significant related to the outcome measures 
and which predictors were presented in the final 
prognostic models. Next, data on all outcome meas-
ures used and the follow-up period were extracted. 
In addition, authors examined if predictors and out-
come measures were measured in a standardized, 
valid and reliable way; meaning, had the authors of 
each study measured what was supposed to be meas-
ured (valid) and were the measurements consistent 
(reliable). Finally, the performance of the prognos-
tic models was assessed and the authors determined 
whether the models were validated.

Outcome measures 
The PROMS pain, function and recovery (as defined 
in the original studies) were considered as the out-
come measures of interest for the current system-
atic review, as these are common and important 
complaints in patients with anterior knee pain con-
sulting physical therapists.21

Methodological quality assessment
There was no uniform criteria list available for use 
in assessing the methodological quality of studies on 
prognostic models. Therefore, a criteria list (previ-
ously developed by Oort et al.19) was used, which 
was developed based on several existing criteria lists 
for assessing the quality of prognostic studies in gen-
eral [Appendix B]. This list consists of 21 items in six 
domains. All items were scored as ‘positive’, ‘nega-
tive’ or ‘unclear’. 

Two review authors independently assessed each 
included study (GP, LO or AV). They discussed disa-
greements until consensus was achieved. If neces-
sary, they utilized a third review author (LO or AV) 
to resolve the disagreement. Consistent with other 
systematic reviews, the authors decided to use a 
summary score to get an overall impression of the 

study quality.22,23,24,25 To select studies of sufficient 
quality, the score of 70% or higher of the maximum 
score, (15 positive items out of the 21 items of the 
score list) was chosen for the study to be considered 
of sufficient quality; all other studies were consid-
ered low quality studies. To evaluate the robustness 
of these conclusions a sensitivity analysis was per-
formed on the choice of cut-off point (a score of 14 
or 16 positive items instead of 15 out of 21) to deter-
mine whether that changed the conclusion based on 
the studies with sufficient quality.

Performance assessment
The performance of a prediction model is described 
by four parameters: explained variation (R2), dis-
crimination, calibration and clinical usefulness.17,26 
When the included studies reported at least one of 
these four parameters, we scored the item ‘perfor-
mance’ in the criteria list as positive. 

The R2 is an overall measure to quantify how well the 
data fits a statistical model, in other words if enough 
relevant predictors are included in the model. The 
higher the R2, the better the model fits the data 
and the most relevant predictors are included in 
the model.17 Discrimination refers to the extent in 
which a model is able to distinguish patients with an 
outcome from patients without this outcome. The 
most commonly used performance measure to indi-
cate the discriminative ability of prognostic models 
is the area under the curve (AUC), or C-statistics.27,26 
Model calibration can be described by use of a cali-
bration plot (e.g. a slope), a classification table or 
the Hosmer-Lemeshow goodness-of-fit test (H-L).17,26 
Finally, clinical usefulness can be described by 
measures like accuracy, sensitivity, specificity and 
positive and negative predictive value.22 

Data Synthesis and Analysis 
Currently, there are no valid methods available to 
quantitatively pool multivariable prognostic models 
that contain different predictors (e.g. a meta-anal-
ysis). Therefore, a level of evidence synthesis was 
performed (Table 1) taking the quality of the stud-
ies into consideration.28,29,30 Only the results of the 
analyses of the studies with sufficient quality, i.e. 
studies with a score of 15 positive items out of the 21 
items of the score list were presented.
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RESULTS

Study selection
Nine studies fulfilled the selection criteria (Figure 
1).31,32,33,34,35,36,37,38,39 Appendix C provides the study 
characteristics of all nine included studies.

Three studies utilized patients recruited from a 
military population.33,34,38 Four studies examined 

patients who were treated in specific clinics32,35,36,39 
and two studies31,36 have been conducted in primary 
care. The sample size of the studies varies between 
30 and 74 patients, except in one study (n=310).31 

OUTCOME MEASURES
Pain. All studies measured pain intensity as an out-
come; seven studies used the Numerical Rating Scale 

Medline search  Additional searches  
N=2256 Embase: N=1385

Cinahl: N=1238 
Handsearch: N=9 

Total eligible    Exclusion based on  
for further screening   title and abstract 
N=4888      N=4303  

Retrieved for full    Exclusion based on full text  
paper selection     N=254 
N=585     (n=168 not useful for generic primary care physical therapists; 
     n=139 no multivariate analysis performed;   
     n=77 no musculoskeletal complaints;  
     n=67 no health related outcomes;  
     n=18 foreign language) 

Selected for inclusion   Exclusion based on various reasons 
N=331       N=322 

(n=321 no specific anterior knee complaints  
     n=1 Validation study) 

Anterior Knee Pain 
N=9

Figure 1. Flow chart study selection

Table 1. Levels of evidence for prognostic factors
Level of evidence 

Strong   Consistent findings (≥ 80%) in at least 2 sufficient quality cohorts 

Moderate One sufficient quality cohort and consistent findings (≥ 80%) in one or 

more low quality cohorts 

Limited Findings of one cohort of sufficient quality or consistent findings in one 

or more low quality cohorts 

Inconclusive  Inconclusive findings irrespective of study quality 
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(NRS)33,34,37 or the Visual Analogue Scale (VAS)31,32,35,38 
and two studies36,39 the Kujala pain score. The valid-
ity and reliability of these measurement instruments 
have been previously reported and are good.40,41 

Function. Six studies measured function as an out-
come31,32,35,37,39: using either the Kujala score (also 
called the Anterior Knee Pain Scale (AKP)), the 
Activity of Daily Living Scale (ADLS), the Func-
tional Index Questionnaire (FIQ), or the Lysholm 
and Tegner functional knee scores. The validity and 
reliability of these instruments are good and the out-
comes of the different measurement instruments 
are comparable.42,40,43,44,45 

Other. Other outcome measures included the use 
of a rating scale for subjects’ impression of the 
change (recovery) and physical activity limitations 
questionnaires. 

Methodological quality assessment
The number of positive items ranged from 938 to 
1731,37 out of 21 items (Table 2). All studies scored 
positive on ‘inclusion and exclusion criteria’, ‘pro-
spective design’, ‘all prognostic factors described 
used to develop the model’, ‘standardized or valid 
measurements’ and ‘clinical relevant outcome mea-
sures’. Two items on which all studies scored negative 
or unclear were: ‘internal validation’ and ‘external 
validation’. One study did not describe ‘clinical per-
formance measures’.39 One study scored positive on 
‘sufficient number of subjects per variable’.31 Finally, 
two studies did not provide a clear presentation of 
the data of all predictors.38,39 Four studies were con-
sidered as of sufficient quality.31,32,36,37 

For the sensitivity analysis, with 14 positive items 
the same four studies were found of sufficient qual-
ity. However with a cut-off of 16 positive items just 
three studies remained of sufficient quality.31,32,37 

Performance assessment 
Five studies presented the explained variance by 
calculating the R2, which ranged from 0.05 to 0.60 
(Appendix C). 31,32,35,36,37 One study presented the dis-
criminative power by calculating the Area Under the 
Curve (AUC).31 Three studies presented the clinical 
usefulness by reporting sensitivity, specificity and 
likelihood ratios.34,35,38 One study did not use any of 
the performance measures.15 

Data synthesis and Analysis 

Univariable analysis 
In total, 190 predictors were univariably assessed; 11 
predictors were evaluated in more than one study. 
Only ‘pain at baseline’ was univariably analyzed in all 
studies but appeared only univariably significantly 
related to pain at follow-up in four studies.31,33,36,37 
Duration of symptoms31,33,34,35,36,39 and age31,33,34,35,36,37,38 
were also frequently assessed univariably, and both 
were significantly related to pain and function; gen-
der was evaluated in five studies.31,33,35,37,39

In the four studies of sufficient quality31,32,36,37, 29 
predictors were found that were univariably signifi-
cantly related to pain or function, of which 27 were 
considered unique, meaning they were only evalu-
ated in one study. Four predictors were evaluated 
in more than one study. Twenty-six predictors were 
univariably significantly related to pain as well as 
function. Each included study used their own cut-
off points for inclusion of potential predictors in the 
multivariable analysis and there were hardly any 
agreements between these chosen cut-off points.

Multivariable analysis 
Table 3 presents the overview of the predictors related 
to pain and function in the studies of sufficient qual-
ity and additional low quality studies as a result of the 
multivariable analyses. Predictors only assessed in low 
quality studies (quality score of 14 positive items or 
less) are not presented in this table. Because only one 
study assessed recovery as outcome (N=1)31, analysis 
of recovery as an outcome is not presented in this table.

Pain. Of the 29 univariably significant predictors 14 
were multivariably significantly related to pain in at 
least one study of sufficient quality (Table 3). Seven 
out of these 14 predictors were found in only one 
high quality study. ‘Duration of symptoms’ was the 
only significant predictor found in a study of suffi-
cient quality31 as well as a low quality study39 how-
ever ‘duration of symptoms’ was not significantly 
related to pain in another low quality study.33 

‘Pain at baseline’ was univariably significant related 
to pain at follow-up in four studies, but in none of 
the studies after multivariate analysis. 

Function. Of the 27 univariably significant predic-
tors 15 were significantly related to function in at 
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Table 2. Criteria list of methodological quality developed by Oort et al19
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Study design

   a) Cohort + + ? - ? + + ? + 

   b) Population + + + + + - + + + 

   c) Exclusion/Inclusion criteria + + + + + + + + + 

   d) Prospective design + + + + + + + + + 

Study attrition

   e) Drop outs + + + + + + + - ? 

   f) Deal with missings + + + - + + + - - 

Prognostic factors 

+++++++++srotcafcitsongorP)g

+++++++++stnemerusaemdilaV)h

   i) Linearity assumption studied ? ? ? ? ? ? + ? ? 

   j) No dichotomization of prognostic variables + + - - + + + - ? 

--+++++++srotcafcitsongorpataD)k

Outcome measures 

+++++++++serusaememoctuO)l

   m) Standard, valid measurements + + + + + + + + + 

   n) Data presentation outcome measures + + + + - + + + + 

Analysis 

+--------setamitseetairavinU)o

   p) Sufficient numbers of subjects per variable + - - - - - - - - 

+-++---++dohtemdenialpxE)q

+-+++--++setamitseetairavitluM)r

Clinical performance 

-++++++++ecnamrofreplacinilC)s

---------noitadilavlanretnI)t

---------noitadilavlanretxE)u

Total score# 17 16 12 11 13 15 17 9 11 

For definitions criteria and operationalization of the criteria see Appendix B 

+  positive score on a item 

-  negative score on a item 

# Total score: sum of all positive scores 
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Table 3. Predicting variables and their level of evidence after multivariable analysis 

Predictors Pain Level of Evidence 
to be of predictive 
value related to 
pain  

Function Level of Evidence 
to be of predictive 
value related to 
function  

 Low 
quality 
studies 
(N=5)33,
34,35,38,39

Studies 
of 
sufficient 
quality 
(N=4)31,3

2,36,37 

Low 
quality 
studies 
(N=2)35

,39 

Studies 
of 
sufficient 
quality 
(N=4)31,3

2,36,37 

MRI (CSA 
Quadriceps) 

 + Limited  + Limited 

AKP  + Limited  + Limited 
FABQ-PA  + Limited  + Limited 
Catastrophizing  + Limited  + Limited 
Frequency of 
pain 

 + Limited  0 + Inconclusive 

FABQ-W  + Limited  0 Limited for no 
association 

Recruitment  + Limited  0 Limited for no 
association 

Muscle length 
Gastrocnemius 

 0 Limited for no 
association 

 + Limited 

FIQ  0 Limited for no 
association 

 + Limited 

Anxiety (HAD)  0 Limited for no 
association 

 + Limited  

Gender (female) 0, 0, 0 +, 0, 0 Inconclusive 0, 0 +, +, 0 Inconclusive 

Height 0 + Inconclusive 0 + Inconclusive 
Quadriceps 
strength 

0, 0 +, 0 Inconclusive 0 +, 0 Inconclusive 

Age 0 +, 0, 0 Inconclusive 0 +, 0, 0 Inconclusive 

Duration 
symptoms 

+, 0 + Inconclusive +, 0 + Inconclusive 

Weight 0, 0 + Inconclusive 0, 0 + Inconclusive 
Pain coping 
(CSQ) 

 0,0 Strong for no 
association 

 0,0 Strong for no 
association 

Kinesiophobia 
(TSK) 

 0,0 Strong for no 
association 

 0,0 Strong for no 
association 

Pain baseline 0 0, 0, 0, 0 Strong for no 
association 

0 +, 0, 0 Inconclusive 

Activity related 
pain 

0 + Inconclusive 0 0, 0 Strong for no 
association 

Triple Jumptest 0 0 Moderate for no 
association 

0 0 Moderate for no 
association 

Muscle length 
Quadriceps, 

0 0 Moderate for no 
association 

0 0 Moderate for no 
association 

Hamstrings and 
Soleus 
ADLS 0 0 Moderate for no 

association 
0 0 Moderate for no 

association 
Bilateral 
symptoms 

0 0 Moderate for no 
association 

Steptest 0 0 Moderate for no 
association 

BMI  0 Limited for no 
association 

 0 Limited for no 
association 
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gastrocnemius length37 and the Functional Index 
Questionnaire knee score (FIQ)31). 

No association
Strong evidence for no predictive value for pain at fol-
low up was found for three variables (baseline pain 
intensity, pain coping, and kinesiophobia). Also strong 
evidence for no predictive value was found for three 
variables related to function at follow-up (i.e. ‘activity 
related pain’, ‘pain coping’ and ‘kinesiophobia’). 

Moderate evidence was found for five predictors for 
not being related to pain (triple jump test, muscle 
length [Quadriceps, Hamstrings and Soleus], ADLS, 
bilateral symptoms and step test) and for three pre-
dictors for function (triple jump test, muscle length 
[Quadriceps, Hamstrings and Soleus] and ADLS). 

least one study of sufficient quality (Table 3). Pain 
at baseline was examined in all studies of sufficient 
quality but was only significantly related to function 
in one of these studies.

Levels of evidence 

Association
Limited evidence was found for seven predictors to 
be related to pain (frequency of pain36, Catastroph-
izing (PCS)32, anterior knee pain score (AKPS)31, Fear 
avoidance (FABQ-PA, FABQ-W)37, magnetic reso-
nance imaging (MRI)36 and recruitment31). 

Furthermore limited evidence was found for seven 
predictors to be related to function (Catastrophizing 
(PCS)32, Anxiety (HAD)32, AKPS31, FABQ-PA37, MRI36, 

Table 3. Predicting variables and their level of evidence after multivariable analysis (continued)

Predictors Pain Level of Evidence 
to be of predictive 
value related to 
pain  

Function Level of Evidence 
to be of predictive 
value related to 
function  

 Low 
quality 
studies 
(N=5)33,
34,35,38,39

Studies 
of 
sufficient 
quality 
(N=4)31,3

2,36,37 

Low 
quality 
studies 
(N=2)35

,39 

Studies 
of 
sufficient 
quality 
(N=4)31,3

2,36,37 

Depression 
(HAD) 

 0 Limited for no 
association 

 0 Limited for no 
association 

Sporter  0 Limited for no 
association 

 0 Limited for no 
association 

Quality of 
movement 

 0 Limited for no 
association 

 0 Limited for no 
association 

Single legged 
jump test 

 0 Limited for no 
association 

Working state  0 Limited for no 
association 

Work type     0 Limited for no 
association 

Allocated 
preferred 
treatment 

    0 Limited for no 
association 

MRI= Magnetic resonance imaging; CSA= Cross sectional area; AKP= Anterior Knee Pain Scale; FABQ-PA= 

Fear Avoidance Belief questionnaire-Physical Activity; FABQ-W= Fear Avoidance Belief questionnaire-Work; 

FIQ=Functional Index Questionnnaire; HAD=Hospital Anxiety and Depression score; CSQ=Coping Strategies 

Questionnaire; TSK=Tampa Scale Kinesiophobia; ADLS=Activities of Daily Living Scale; BMI=Body Mass 

Index  

0:  a study with no association between the predictor and the outcome measure 

+:  a study with a significant association between the predictor and the outcome measure 

When there is notified 0,0,0,+, it is meant that there are 3 studies without a significant relationship with the 

outcome measure and one study with a significant relationship 
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Methodological considerations
A summary score was used to report overall study 
quality. However, this is not recommended by 
Hayden et al48 who indicate that to judge overall qual-
ity (or risk of bias), one could describe studies with 
a low risk of bias as those in which all, or the most 
important (as determined a priori), of the six impor-
tant bias domains (study participation, study attrition, 
prognostic factor measurement, outcome measure-
ment, study confounding and statistical analysis and 
reporting) are rated as having low risk of bias. No dif-
ference in the conclusions was found following the 
recommendations of Hayden et al compared to using 
the established summary score. The same four stud-
ies remained of sufficient quality.31,32,36,37

Classifying prognostic models with regard to levels 
of evidence (e.g. strong, moderate, limited evidence 
or inconclusive) is under discussion.25 However, the 
authors believe that the quality of the study likely 
influences the selection of most relevant predictors. 
For prognostic models it is unclear at the moment, 
which methodological quality items are of greatest 
relevance. As it is important to avoid compensation 
for less important items and because studies with 
high quality scores were expected to select the most 
important predictors, authors decided to use a level 
of evidence approach despite the earlier discussion.

Strengths and limitations
The decision to base the conclusions of this review 
on studies with sufficient quality may have influ-
enced the selection of the most relevant predictors. 
On the other hand we chose this cut-off because 
including studies of low quality might have led to 
the erroneously selection of predictors based on 
studies with major methodological problems. For 
example, it is advised that the number of candidate 
variables to develop a prognostic model should not 
exceed a tenth of the study population in the small-
est outcome group as this easily leads to an incorrect 
estimation of the predictors in the model.49,50 How-
ever, most of the studies included (7 out of 8)32-39 did 
not comply with this rule. Furthermore, researchers 
dichotomize the predictors with the aim of making 
the final model more feasible in daily practice, but 
this may lead to loss of information (with regard to 
the measurement scale range and precision of out-
come predictions) and a loss of statistical power.37 In 

Limited evidence was found for nine predictors for 
not being a predictor for pain (BMI, muscle length 
gastrocnemius, anxiety (HAD), depression (HAD), 
FIQ, being an athlete, quality of movement, working 
state and single legged jump test) and for eight pre-
dictors for not being a predictor for function (BMI, 
anxiety (HAD), FABQ-W, being an athlete, quality 
of movement, recruitment, work type and allocated 
preferred treatment).

DISCUSSION

Main fi ndings
A wide variety of potential predictors were found 
(n=193) that were related to pain or function in 
nine studies of patients with AKP or PFP.31-39 Out of 
193 predictors, just 34 unique predictors were sig-
nificantly related to pain or function, of which 19 
predictors in four studies were found in studies of 
sufficient quality.31,32,36,37 Too few studies assessed 
recovery, so the authors were unable to generate evi-
dence on this outcome measure. Only limited evi-
dence was found for several predictors because most 
of the predictors were assessed in just one study of 
sufficient quality. This limits the strength of the 
current conclusions. Furthermore the authors were 
unable to derive a single, multiple factor prediction 
model for pain or function in patients with anterior 
knee pain because of the variety in predictors. 

Comparison with the literature
This is the first review on prognostic models in 
patients with anterior knee pain. All studies31-39 
used pain intensity and/or function as outcome 
measures. Remarkably, the predictor ‘baseline pain 
intensity’ was evaluated in all studies31-39 but was 
not related to pain intensity or function at follow-
up. This might indicate that focusing on decreasing 
the baseline pain intensity as a treatment goal might 
not be relevant in patients with anterior knee pain. 
This can be explained when viewed in relationship 
to cognitive-behavioral theory.46,47 This theory indi-
cates that patients should view pain in general as a 
common condition that can be self-managed, rather 
than as a serious condition that needs careful protec-
tion. The patients should not be guided by pain, but 
rather, should focus on the activities they are able to 
perform.46,47 
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changes in the study methodology. Many reports 
are available with guidelines how to develop a high 
quality prognostic model.18,17

CONCLUSION
Clinicians have to base their treatment strategy on 
determinants relevant for the prognosis. Based on 
the current results clinicians do not need to consider 
pain or activity related pain for treatment decisions, 
as they appear to be unrelated to decrease in pain or 
increase in function in patients with anterior knee 
pain. However clinicians should consider catastro-
phizing, a high score on the FABQ, HAD, AKP, FIQ, 
gastrocnemius length and a high frequency of pain 
for their treatment decisions because these variables 
are significantly related to the outcome measures 
pain and/or function in patients with anterior knee 
pain that first present to a physical therapist. 
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four out of eight studies the predictors were dichoto-
mized before entering the regression analysis.33,34,38,39 

This systematic review was limited to English-lan-
guage articles and did not consider grey literature 
(the kind of material that is not published in eas-
ily accessible journals or databases, including things 
like abstracts of research presented at conferences, 
unpublished theses, and so on); therefore, some 
studies have been missed. However, an extensive 
search has been performed in accordance with the 
directives for systematic reviews, so authors assume 
that the articles that were potentially missed would 
not have majorly altered any of the findings. 

The most important limitation is the heterogeneity 
of the included studies. A wide variety of potential 
predictors were found; there was hardly any over-
lap between studies in the choice of predictors for 
the analysis and therefore in the final set of predic-
tors. This heterogeneity resulted in inconclusive 
evidence for most predictors. Furthermore only two 
of the studies of sufficient quality evaluated psycho-
logical factors, however these factors were not the 
same in both studies.32,36 This means that authors 
were unable to draw conclusions on the possible 
predictive value of psychological predictors.

Recommendations for future studies
Based on the current results, the authors would rec-
ommend the development and validation of a new 
prognostic model for patients with anterior knee 
pain (i.e. including variables such as: frequency of 
pain, catastrophizing, anterior knee pain score, fear 
avoidance (FABQ-PA and FABQ-W), MRI, recruit-
ment, anxiety, gastrocnemius length and the FIQ-
score). Regardless of how the model is developed, 
it is essential for its potential applicability that the 
performance and validity of a model is evaluated. 
Ideally more than one performance measure should 
be used. Only one study used more than one perfor-
mance measure.31 Moreover, none of the studies val-
idated their final prognostic models. Therefore the 
presented prognostic models, in their current form, 
are not yet suitable for use in daily clinical care.

Furthermore, in authors’ opinion, the methodologi-
cal quality of future studies can easily be improved. 
Methodological flaws frequently occurring in these 
studies can in future be resolved by making small 



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 939

23.  Deeks JJ, Dinnes J, D’Amico R et al. Evaluating 
non-randomized intervention studies. Health 
Technology Assessment. 2003; vol. 7: no.27.

24.  Guyatt G, Oxman AD, Akl E et al. GRADE 
guidelines. J Clin Epidemiol. 2011; 64:380.

25.  Hayden J, Côte P, Bombardier C. Evaluation of the 
Quality of Prognosis Studies in Systematic Reviews. 
Ann Intern Med. 2006;144:427-437.

26.  Vergouwe Y, Steyerberg EW. Validation of a 
prognostic models: when is a model clinically 
useful? Semin Urol Oncol. 2002;May;20(2):
96-107.

27.  Afessa B, Tefferi A, Dunn W et al. Intensive care unit 
support and Acute Physiology and Chronic Health 
Evaluation III performance in hematopoietic stem 
cell transplant recipients. Crit Care Med. 
2003;31(6):1715-1721.

28.  Sackett DL, Straus SE, Richardson WS et al. Evidence-
based medicine. How to practice and teach EBM. 
Guidelines. Edinburgh, Churchill Livingstone; 2000.

29.  Sanderson S, Tatt I, Higgins J. Tools for assessing 
quality and susceptibility to bias in observational 
studies in epidemiology: a systematic review and 
annotated bibliography. Int Journal of Epidemiol. 
2007;36:666-676.

30.  Scholten-Peeters GGM, Verhagen AP, Bekkering GE 
et al. Prognostic factors of whiplash-associated 
disorders: a systematic review of prospective cohort 
studies. Pain. 104;2003;303-322.

31.  Collins NJ, Bierma-Zeinstra SMA, CrossleynKM et al. 
Prognostic factors for patellofemoral pain: a 
multicentre observational analysis. Br J Sports Med. 
2012;0:1-8.

32.  Doménech J, Sanchis-Alfonso V, Espejo B. Changes 
in catastrophizing and kinesiophobia are predictive 
of changes in disability and pain after treatment in 
patients with anterior knee pain. Knee Surg Sports 
Traumatol Arthrosc. 2014;22:2295-2300.

33.  Iverson CA, Sutlive TG, Crowell MS et al. 
Lumbopelvic Manipulation for the Treatment of 
Patients With Patellofemoral pain Syndrome: 
Development of a Clinical Prediction Rule. Journal of 
Orthop & Sports Phys Ther. 2008;38:297-312.

34.  Lesher JD, Sutlive TG, Miller GA et al. Development 
of a Clinical Prediction Rule for Classifying Patients 
with Patellofemoral pain Syndrome Who respond to 
Patellar Taping. Journal of Orthop & Sports Phys Ther. 
2006;36:855-866.

35.  Natri A, Kannus P, Jarvinen M. Which factors predict 
the long-term outcome in chronic patellofemoral 
pain syndrome? A 7-yr prospective follow-up study. 
Med & Science in Sports & Exercise. 1998;30(11):1572-
1577.

10.  Sanchis-Alfonso V. Holistic approach to 
understanding the anterior knee pain. Clinical 
implications. Knee Surg Sports Traumatol Arthrosc. 
2014;Oct;22(10):2275-85.

11.  Wilk KE, Davies GJ, Magine RE et al. Patellofemoral 
disorders: a classifi cation system and clinical 
guidelines for nonoperative rehabilitation. I Orthop 
Sports Phys Ther. 1998;28:307-322.

12.  Kannus P, Natri A. An outcome study of chronic 
patellofemoral pain syndrome. Seven-year follow up 
of patients in a random control trial. I Bone Joint Surg 
Am.1999;81:355-63.

13.  Heintjes EM. Non-traumatic knee complaints in 
adolescents and young adults in general practice [thesis]. 
Rotterdam: Erasmus Universiteit Rotterdam, 2006.

14.  Herrington L, Al-Sherhi A. A controlled trial of 
weight-bearing versus non-weight-bearing exercises 
for patellofemoral pain. J Orthop Sports Phys Ther. 
2007;37:155-160.

15.  Wilson T, Carter N, Thomas G. A multicenter, 
single-masked study of medial, neutral, and lateral 
patellar taping in individuals with patellofemoral 
pain syndrome. I Orthop Sports Phys Ther. 
2003;33:437-443.

16.  Barton CJ, Webster KE, Menz HB. Evaluation of the 
scope and quality of Systematic Reviews on 
nonpharmacological conservative treatment for 
patellofemoral pain syndrome. Journal of Orthop. 
And Sports Physical Therapy. 2008;Sep;38(9):529-41.

17.  Steyerberg EW. Clinical Prediction Models, A Practical 
Approach to Development, Validation, and Updating. 
Springer Science and Business Media, LLC; 2009.

18.  Beneciuk JM, Bishop MD, George SZ. Clinical 
prediction models for physical therapy 
interventions; a systematic review. Phys Ther. 
2009;Feb;89(2):114-24.

19.  Oort L, van, Berg T, van den, Koes B et al. 
Preliminary state of development of prediction 
models for primary care physical therapy: a 
systematic review. J Clin Epidemiol. 2012;65:1257-
1266.

20.  Stanton TR, Hancock MJ, Maher CG et al. Critical 
appraisal of clinical prediction rules that aim to 
optimize treatment selection for musculoskeletal 
conditions. Phys Ther. 2010;Jun;90(6); 843-54.

21.  Chesworth BM, Culham EG, Tata GE et al. Validation 
of Outcome measures in patients with 
patellofemoral syndrome. J Orthop Sports Phys Ther. 
1989;febr:302-308.

22.  Deeks JJ, Bossuyt PM, Gatsonis C. Chapter 9: 
Assessing methodological quality. Cochrane 
handbook for Systematic reviews of Diagnostic test 
Accuracy. The Cochrane Collaboration; 2009.



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 940

43.  Rodriquez-Merchan EC. Knee instruments and rating 
scales designed to measure outcomes. J Orthop 
Traumatol. 2012;March;13(1):1-6.

44.  Tegner Y, Lysholm J. Rating systems in the 
evaluation of knee ligament injuries. Clin Orthop. 
1985;198:43-49.

45.  Watson CJ, Propps M, Ratner J et al. Reliability and 
responsiveness of the lower extremity Function 
Scale in patients with anterior knee pain. J Orthop 
Sports Phys Ther. 2005;35(5):1136-146.

46.  Leeuw M, Goossens MEJB, Linton SJ et al. The fear 
avoidance model of musculoskeletal pain: current 
state of scientifi c evidence. J Beh Med. 2007;30(1):77-
94.

47.  Vlaeyen JWS, Kole-Snijders AMJ, Rotteveel AM et al. 
The role of fear of movement/(re)injury in pain 
disability. J Occup Rehab. 1995;5(4):235-252.

48.  Hayden J, Windt van der D, Cartwright J et al. 
Assessing bias in studies of prognostic factors. Ann 
Intern Med. 2013;158:280-286.

49.  Babyak MA. What you see may not be what you get: a 
brief, nontechnical introduction to overfi tting in 
regression-type models. Psychosom Med. 2004;66:411-421.

50.  Steyerberg EW, Eijkemans MJC, Harrell FE Jr et al. 
Prognostic modelling with logistic regression 
analysis: a comparison of selection and estimation 
methods in small data sets. Stat Med. 2000;19:1059-
1079.

36.  Pattyn E, Mahieu N, Selfe J et al. What predicts 
functional outcome after treatment for 
patellofemoral pain? Med. Sci. Sports Exerc. 
2012;44(10):1827-1833.

37.  Piva SR, Fitgerald GK, Wisniewski S et al. Predictors 
of pain and function outcome after rehabilitation in 
patients with patellofemoral pain syndrome. Journal 
Rehab Med. 2009;41:604-612.

38.  Sutlive TG, Mitchell SD, Maxfi eld SN et al. 
Identifi cation of Individuals With Patellofemoral 
pain Whose Symptoms Improved After a Combined 
Program of Foot Orthosis Use and Modifi ed Activity: 
A Preliminary Investigation. Phys Ther. 2004; 84:49-
61.

39.  Witvrouw E, Lysens R, Bellemans J et al. Which 
factors predict outcome in the treatment program of 
anterior knee pain? Scand J Med Sci Sports. 
2002;12:40-46.

40.  Kujala UM, Jaakkola LH, Koskinen SK et al. Scoring 
of patellofemoral disorders. Arthroscopy. 1993;9:159-
163.

41.  Williamson A, Hoggart B. Pain: a review of three 
commonly used pain rating scales.  J Clin Nurs. 
2005;14:798-804.

42.  Harrison E, Quinney H, Magee D et al. Analysis of 
outcome measures used in the study of 
patellofemoral pain syndrome. Physiotherapy. 
2000;47:264-272.

APPENDIX A: THE COMBINATION OF KEYWORDS THAT WERE USED 
FOR MEDLINE DATABASE SEAR CH 

“Decision Support Techniques”[Mesh] OR “Predictive Value of Tests”[Mesh] OR “clinical prediction”[tiab] OR 
prognos*[tiab] OR predict*[tiab]) AND (“Primary Health Care”[Mesh] OR “Physicians, Family”[Mesh] OR “general 
practice”[tiab] OR “general practitioner”[tiab] OR “primary care”[tiab] OR “Physical Therapy (Specialty”[Mesh] 
OR “physical therapy modalities”[Mesh] OR “Rehabilitation”[Mesh” OR physiotherapy*[tiab] OR “physical 
therapy”[tiab] OR “physical therapist”[tiab] OR “physical therapists”[tiab] OR “physical therapeutic”[tiab]) AND 
(“Musculoskeletal Diseases”[Mesh] OR “Muscle, Skeletal”[Mesh] OR “Back Pain”[Mesh] OR “Back Injuries”[Mesh] 
OR “Neck Pain”[Mesh] OR “Neck Injuries”[Mesh] OR “Fractures, Bone”[Mesh]).

Afterwards the inclusion procedure, selection of studies with regard to patellar complaints were based on 
the keywords: patellofemoral, patellar femoral, patellar femoral pain syndrome, patellar, anterior knee pain, 
patella femoral, patellafemoral, knee pain, patellar arthritis, patella arthritis, patello arthritis, patellar injury, 
patella injury, patello injury.  
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Criteria list

APPENDIX B

METHODOLOGICAL ASSESSMENT OF STUDIES ABOUT PROGNOSTIC MODELS, 
DEVELOPED BY OORT ET AL19
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Methodological assessment of studies about prognostic models.
Operationalization of items.

Study participation
a) Inception cohort: positive when patients were identifi ed at an early uniform point (inception 

cohort) in the course of their complaints (e.g. fi rst point at which symptoms were fi rst noticed or 
fi rst consultation at physiotherapy practice). Also positive in case of a heterogeneous population 
(survival cohort) for which subgroups of patients were identifi ed and analysed (fi rst episode of 
complaints or fi rst consultation at physiotherapy practice). Negative when no inception cohort was 
used.  

b) Source population: positive when population was described in terms of sampling frame (primary 
care, general population, physiotherapy practice) and recruitment procedure (place and time-period 
of recruitment and type of methods used to identify the sample). Negative when not both of these 
features are given. Also negative when it is likely that the recruitment procedure led to selection of 
participants that are systematically different from eligible non-participants. 

c) Inclusion and exclusion criteria: positive when criteria were formulated for at least 4 out of 5 of the 
(for the study) most relevant characteristics, mostly:

1. Age
2. Sex
3. Relevant co-morbidity
4. Duration of complaints
5. Type of complaints

Negative when ≤3 criteria were formulated. Also negative when it is likely that the criteria used for 
inclusion/exclusion led to selection of participants that are systematically different from eligible non-
participants. 

d) Prospective design: positive when a prospective design was used. Also positive in case of a 
historical cohort of which the determinants (prognostic factors) are measured before the outcome 
was determined. Negative if a historical cohort is used, considering prognostic factors at time zero 
which are not related to the primary research question for which the cohort is created or in case of an 
ambispective design.

Study attrition
e) Drop-outs: positive when total number of drop-outs (loss to follow-up) was ≤20%. Also positive 

when appropriate procedures were used to deal with missing values (e.g. use of multiple imputation). 
Negative when the total number of drop-outs exceeds the 20% cut-off point and no appropriate 
procedures were used to deal with missing values.

f)  Positive if method is described. Negative if not. 

Prognostic factor measurement
g) Clinical relevant potential prognostic factors: positive when the article describes at least one of the 

following factors at baseline:
6. Physical/disease factors (e.g. severity of pain, range of motion, duration of complaints, 

localization of complaints)
7. Psychosocial factors (e.g. live events, anxiety, depression)
8. Sociodemographic factors, other than gender and age (e.g. employment status, occupation, co-

morbidity)
Negative when the article does not describe at least one of the factors mentioned above at baseline.

h) Standardized or valid measurements: positive if at least one of the factors of g), excluding age and 
gender, are measured in a standardized, valid and reliable way. 
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i)  Positive if studied (and accounted for if necessary) or not relevant (in case of no continuous 
predictors used), negative if not. 

j)  Positive if prognostic variable isn’t dichotomized or dichotomization is sensible to do. Negative if 
prognostic variable is dichotomized.

k) Data presentation of most important prognostic factors: positive when frequencies, percentages 
or mean (and standard deviation or CI), or median (and Inter Quartile Range) are reported for all 
prognostic factors in the fi nal model. In all other cases: negative.

Outcome
l) Clinical relevant outcome measure(s): positive if at least one clinical relevant outcome criteria for 

recovery is reported. In all other cases: negative.
m) Standardized or valid measurements: positive if one or more of the main outcome measures are 

measured in a standardized, valid and reliable way. In all other cases: negative.
n) Data presentation of most important outcome measures: positive if frequencies, percentages or 

mean (and standard deviation/CI), or median (and Inter Quartile Range) are reported for one or 
more of the main outcome measures for the most important follow-up measurements. In all other 
cases: negative.

Analysis
o) Univariate crude estimates presented: positive if univariate crude estimates (RR, OR, HRR) 

between prognostic factors separately and outcome are provided. Negative if only p-values or wrong 
association values (Spearman, Pearson, sensitivity) are given, or if no tests are performed at all.

p) Suffi cient numbers of subjects per variable: positive if it is mentioned (or easy derivable) that the 
number of cases (and non-cases) in the multivariate analysis was at least 10 times the number of 
independent variables that were put in the multivariate analysis.  In all other cases: negative.

q)  Positive if references are used to explain the selection method of variables. Also positive if an 
appropriate rationale is given. Negative if not. 

r) Multivariate estimates presented: positive if multivariate estimates (with CI or p-values) are 
presented of all prognostic factors that are part of the fi nal clinical prediction rule. Negative if not.

Clinical performance/validity
s) Performance measurement: positive if the study provides information about performance 

measurement (e.g. discrimination, calibration, explained variance). In all other cases: negative.
t) Internal validation: positive if appropriate techniques are used to assess internal validity of the 

prognostic model (e.g. cross-validation or bootstrapping). In all other cases: negative.
External validation: positive if the prognostic model is tested in a different population. Negative if not.
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Appendix C. Characteristics of the included studies 
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Appendix C. Characteristics of the included studies (continued)
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ABSTRACT
Background: Hip flexor tightness is theorized to alter antagonist muscle function through reciprocal inhibition and synergistic 
dominance mechanisms. Synergistic dominance may result in altered movement patterns and increased risk of lower extremity 
injury.

Hypothesis/Purpose: To compare hip extensor muscle activation, internal hip and knee extension moments during double-leg 
squatting, and gluteus maximus strength in those with and without clinically restricted hip flexor muscle length.

Design: Causal-comparative cross-sectional laboratory study.

Method: Using a modified Thomas Test, female soccer athletes were assigned to a restricted (>0° of sagittal plane hip motion 
above the horizontal; n=20, age=19.9 ±1 years, ht=167.1 ±6.4 cm, mass=64.7 ±8.2kg) or normal (>15° of sagittal plane hip 
motion below horizontal; n=20, age=19.4 ±1 years, ht=167.2 ±5.5 cm, mass=61.2 ±8.6 kg) hip flexor muscle length group. 
Surface electromyographic (sEMG) activity of the gluteus maximus and biceps femoris, and net internal hip and knee extension 
moments were measured between groups during a double-leg squat. Isometric gluteus maximus strength was assessed using 
handheld dynamometry.

Results: Individuals with restricted hip flexor muscle length demonstrated less gluteus maximus activation (p=0.008) and a lower 
gluteus maximus : biceps femoris co-activation ratio (p=0.004). There were no significant differences (p>0.05) in hip or knee 
extension moments, isometric gluteus maximus strength, or biceps femoris activation between groups.

Conclusions: Female soccer athletes with hip flexor muscle tightness exhibit less gluteus maximus activation and lower gluteus 
maximus : biceps femoris co-activation while producing similar net hip and knee extension moments. Thus, individuals with hip 
flexor muscle tightness appear to utilize different neuromuscular strategies to control lower extremity motion. 

Level of Evidence: 3

Keywords: ACL Injury, Electromyography, Hamstring Injury, Musculoskeletal Injury, Neuromuscular Control,
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INTRODUCTION:
Lower extremity injuries represent a significant bur-
den in sports and physical activity, contributing to a 
majority of time loss from participation and disabil-
ity.1-7 Furthermore, lower extremity injuries contrib-
ute to decreased athletic performance and overall 
team success.8 However, a majority of lower extrem-
ity and lumbo-pelvic-hip complex injuries, includ-
ing hamstring injury,7 groin injury,9 ankle sprains,10 
anterior cruciate ligament rupture,11-14 and low back 
pain,15,16 have been shown to be preventable and are 
attributable to modifiable biomechanical risk fac-
tors.17 Restricted hip flexor muscle length or “tight-
ness” assessed via hip extension range of motion 
(ROM)18 has been identified as a risk factor for vari-
ous lower extremity musculoskeletal injuries,15,16,19-23 
and thus should be examined further as a modifiable 
factor linked to sport-related injury.

Furthermore, restricted hip flexor muscle length is 
theorized to decrease neural drive to the hip exten-
sor musculature. Specifically, reciprocal inhibition 
of the gluteus maximus, secondary to “overactivity” 
of the hip flexor muscle group has been implicated to 
occur and lead to lower extremity injury.24-27 Recip-
rocal inhibition is theorized to lead to an increased 
reliance on the secondary hip extensor muscles, 
such as the hamstrings and hip adductors to produce 
hip extension torque,28 clinically referred to as “syn-
ergistic dominance”.29 Dependency on secondary 
hip extensors may provoke greater tissue stress in 
the hamstring and hip adductor musculature, thus 
resulting in a higher risk of soft tissue injury.30-32 
However there is a dearth of literature that vali-
dates clinical theory of restricted hip flexor muscle 
length as an underlying factor inciting altered lower 
extremity neuromuscular control.

Therefore, the purpose of this study was to com-
pare lower extremity strength, muscle activation 
and biomechanics between individuals with and 
without limited hip flexor muscle length. The pri-
mary hypothesis of this study was that individuals 
with restricted hip flexor length would exhibit less 
hip extension strength, greater internal knee exten-
sion moment, and lesser internal hip extension 
moment compared to individuals with normal hip 
flexor length during the descent phase of a double-
leg squat (DLS). The secondary hypothesis of this 

investigation was that individuals with restricted hip 
flexor length would also display depressed gluteus 
maximus activation and elevated biceps femoris 
activation compared to those with normal hip flexor 
length during the descent phase of a DLS.

METHODS

Participants
The investigators conducted a causal-comparative 
study involving forty female soccer athletes who 
demonstrated “restricted” (n=20) or “normal” (n=20) 
hip flexor length. All participants, regardless of group 
assignment, played soccer at the NCAA Division I var-
sity or the highest the competitive intercollege club 
level for one hour or more at least twice a week, had 
no history of lower extremity, spine, abdominal, ves-
tibular, or mild traumatic brain injury in the last three 
months that limited them from sport of physical activ-
ity participation for greater than three consecutive 
days. A priori power analyses revealed that 20 partici-
pants per group would result in an estimated power 
of 0.80 to observe significant differences of at least 
20% in muscle activity, biomechanics, and strength 
between the normal and restricted groups.33-35

Hip extension ROM of the dominant limb was 
assessed by the lead investigator (MM), a certi-
fied athletic trainer, using the modified Thomas 
test assessed using a digital inclinometer (Model# 
12-1057, Fabrication Enterprises Inc. - Baseline Eval-
uation Instruments, White Plains, New York) aligned 
parallel to a line connecting the anterior superior 
iliac spine and the superior pole of the patella (Fig-
ure 1).18,36-38 Pilot testing revealed excellent intra-
rater reliability (ICC(3,k)=0.99) with a low standard 
error of measure (SEM=0.85º). The dominant leg 
was defined as the leg the participant would use to 
kick as soccer the ball furthest. Previous research 
has demonstrated this method of hip extension 
ROM assessment to have good inter-rater reliability 
(ICC(2,1)= 0.89–0.92 & SEM= 3-2.1º).36-38

Inclinometer values greater than 0° (+) indicate 
that the thigh was positioned above the horizontal 
and relatively flexed (Figure 1a).18 Inclinometer val-
ues below 0° (-) indicate that the thigh was below 
the horizontal and relatively extended (Figure 1b).18 
Inclusion criteria for the normal group was defined 
as hip extension ROM >15° below the horizontal. 
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Inclusion criteria for the restricted group was defined 
as hip extension ROM >0° above the horizontal.

Experimental Procedures
Before participation, all study procedures were 
explained to each subject, and informed consent was 
obtained as approved by the Institutional Review 
Board at The University of North Carolina at Chapel 
Hill. Participants’ height (cm) and mass (kg) were 
recorded using a digital scale and stadiometer. Prior 
to testing, participants completed a warm-up on a 
stationary cycle ergometer at a self-selected pace for 
five minutes at a rate of perceived exertion of 5/10.

Maximal Volitional Isometric Contraction 
Assessment
A surface electromyography (sEMG) system (Delsys 
Bangloni 8, Inc., Boston, Massachusetts,): inter-elec-
trode distance =10 mm; amplification factor =1,000 
(20–450 Hz); CMMR @60 Hz >80 dB; input imped-
ance >1015//0.2 W//pF) was used to record activity 
as sampled at 1,000 Hz from the gluteus maximus 
and biceps femoris of the dominant limb during 
maximal volitional contractions (MVIC). Electrodes 
for the biceps femoris were placed approximately 
1/3rd the distance between the ischial tuberosity 
and lateral popliteal crease, while those for the glu-
teus maximus were placed approximately 1/3rd the 
distance between the second sacral vertebrae and 
the greater trochanter.39 A reference electrode was 

placed at the tibial tuberosity on the dominant leg.

Dominant limb peak isometric force and sEMG mea-
sures were concurrently collected for the gluteus 
maximus with the knee flexed 90º (Figure 2a) by 
the lead investigator (MM). Hip extension strength 
data were obtained via a handheld digital dyna-
mometer (Lafayette Manual Muscle Tester, Model 
#01163, Lafayette, Indiana). Isometric hip extension 
strength pilot testing revealed excellent intra-rater 
reliability (ICC(3,k)=0.98) and a low standard error 
of the measure (SEM=0.48 N). Isometric force (N) 
and sEMG activity were collected for five seconds 
for each of three trials. For the biceps femoris, par-
ticipants maximally flexed their knee against the 
investigator-applied force to the posterior shank at 
the level of the medial and lateral malleoli (Figure 
2b). sEMG data were collected for five seconds for 
each of three trials.

Biomechanical Assessment Preparation & 
Assessment
A TrackStar (Ascension Technologies Inc. Burling-
ton, Vermont, USA) electromagnetic motion analy-
sis system controlled by The Motion Monitor v8.0 
software (Innovative Sports Training Inc. Chicago, 
Illinois, USA) was used to sample hip and knee 
kinematic data at 100 Hz during the DLS. Electro-
magnetic sensors were secured to the participant’s 
dominant limb shank and thigh, and the apex of the 

Figure 1. Modifi ed Thomas Test assessment of hip extension ROM to assess hip fl exor muscle length; (1a.) – restricted >0º above 
the horizontal, (1b.) – normal >15º below the horizontal.
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sacrum. Medial femoral epicondyle, lateral femoral 
epicondyle, medial malleolus, lateral malleolus, left 
anterior superior iliac spine, right anterior superior 
iliac spine bony landmarks were digitized using a 
15 cm stylus attached to an electromagnetic sensor. 
The knee and ankle joint centers were defined as 
the centroids between the medial and lateral fem-
oral condyles and medial and lateral malleoli. The 
Bell method was used to approximate the hip joint 
center.40 A non-conductive force plate (Bertec 4060-
NC, Columbus, Ohio, USA) sampled center of pres-
sure and ground reaction force data at 1,000 Hz. 

A right-handed global coordinate system was defined 
for all segments (+x-axis= anterior direction, 
+y-axis= leftward direction and +z-axis= superior 
direction). Sagittal plane joint motion was defined as 
the motion of the distal segment relative to the proxi-
mal segment using a Cardan angle rotation sequence 
with the first rotation about the y-axis of the joint.41

Muscle activation, kinematic, and kinetic data were 
collected during the descent phase of the DLS to 
simulate hip and knee flexion deceleration neuro-
muscular control during sport participation. Sub-
jects performed the five DLS repetitions barefoot 
with their feet shoulder width apart, toes pointed 
straight ahead, and arms extended over-head. Squat 
velocity was controlled via a metronome (60 beats 
per minute).32 Participants achieved at least 60º 

of knee flexion confirmed with a goniometer and 
motion capture knee kinematics.32 Participants were 
instructed to descend for two beats, ascend for two 
beats, and then pause for one beat between squats 
and then repeat. Prior to assessment, participants 
were required to perform between five and seven 
consecutive practice trials of squatting at the appro-
priate depth and cadence for familiarization.

Data Reduction
Peak isometric force (N) for each gluteus maximus 
MVIC trial was averaged across the three testing tri-
als and normalized to the participant’s body weight 
(×BW). 

Raw sEMG data were exported into a custom MatLab 
v2012a program (MathWorks, Natick, Massachusetts, 
USA.) and then passively demeaned, band-pass (10-
350 Hz) and notch filtered (59.5-60.5 Hz - 4th order 
Butterworth digital filter), and smoothed using a 25 
ms root mean squared sliding window. sEMG data 
were normalized as a percentage of MVIC (%MVIC).

Mean sEMG amplitudes were calculated during the 
descending phase of each trial of the DLS, defined 
as the period from initiation of knee flexion until 
peak knee flexion. Muscle co-activation ratios were 
calculated during the descending phase for gluteus 
maximus and biceps femoris muscle activation by 
dividing the mean gluteus maximus activity by the 

Figure 2. (2a.) – Gluteus maximus MVIC & strength assessment, (2b.) – Biceps femoris MVIC assessment.



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 950

mean biceps femoris activity (gluteus maximus : 
biceps femoris). A ratio of 1.0 indicates balanced 
muscular activation; ratios less than 1.0 indicate 
greater activation of biceps femoris relative to the 
gluteus maximus.

All kinematic data were low-pass filtered at 10 Hz 
(4th order low-pass Butterworth digital filter). Kine-
matic and kinetic data were combined via an inverse 
dynamics solution to yield net internal hip and knee 
extension moments (Nm). Peak moments were 
identified during the descending phase of each squat 
trial, normalized to the product of the body weight 
and height (BW×Ht), and averaged across trials. 
Internal hip and knee extension moment data are 
reported as positive values for ease of interpretation.

STATISTICAL ANALYSES
Separate independent samples t-tests were per-
formed to compare hip extension ROM, gluteus 
maximus strength, gluteus maximus activation, 
biceps femoris activation, gluteus maximums : 
biceps femoris co-activation ratio, and peak hip and 
knee extension moments between the restricted and 
normal groups (α=0.05).

Statistical outliers were defined as variables with val-
ues more than three standard deviations from the 
group means. Examination of sEMG data identified 
outliers in biceps femoris (n=8) and gluteus max-
imus (n=5) sEMG data. The total number of sub-
jects utilized in analyses of sEMG data is presented 
in Table 1. No statistical outliers were identified for 
internal moment or strength data.

RESULTS:

Inclusion Criteria Verifi cation 
There was a significant difference in hip extension 
ROM p <0.001, d =2.18) between the restricted 
(12.85° ±5.05) and normal (-19.52° ±9.19°) groups, 

with no significant group differences in age, height, 
or mass (Restricted: age=19.9 ±1 years, ht=167.1 
±6.4 cm, mass=64.7 ±8.2kg, Normal: age=19.4 
±1 years, ht=167.2 ±5.5 cm, mass=61.2 ±8.6 kg, 
p >0.05).

Muscle Activation
Descriptive statistics, p-values, and effect sizes are 
presented for all DLS muscle activation data in Table 
1. The restricted group demonstrated significantly 
less average gluteus maximus activation compared 
to the normal group during the descent phase of the 
DLS (60% less relative activation). The restricted 
group also displayed a significantly lower gluteus 
maximus : biceps femoris co-activation ratio than 
the normal group, indicating 2.6 times more biceps 
femoris activation relative to gluteus maximus activ-
ity in the restricted compared to the control group. 
However, biceps femoris EMG amplitude normal-
ized to MVIC did not differ between groups

Muscle Strength & Joint Moments
There were no significant differences between 
the restricted and normal groups in hip extension 
strength or internal hip and knee extension moments 
during the DLS. Descriptive statistics, p-values, and 
effect sizes for these data are presented in Table 2.

DISCUSSION
This is the first study to compare gluteal muscle 
strength, primary hip extensor muscle activation, 
and lower extremity biomechanics between individ-
uals with restricted and normal hip flexor muscle 
length during a controlled functional movement. 
The current findings revealed that muscle activation 
amplitude of the gluteus maximus was significantly 
less in the restricted group compared to the normal 
group, resulting in a significantly lower gluteus max-
imus : biceps femoris co-activation ratio. However, 

Table 1. Muscle activations (%MVIC) during the descent phase of a double-leg squat
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amplitude was more than 2 times greater than the 
biceps femoris. In contrast, the restricted group 
demonstrated a gluteus maximus : biceps femo-
ris co-activation ratio of 0.88, indicating relatively 
greater activity of the biceps femoris. These findings 
suggest that individuals with restricted hip flexor 
length achieve comparable hip extension moments 
via a decreased activation of the primary hip exten-
sor muscle (gluteus maximus) and relatively greater 
activation of the secondary or synergistic hip exten-
sor muscles (biceps femoris) compared to individu-
als with normal hip flexor length.

Hip extension strength did not differ between 
the restricted and normal groups. Gluteal muscle 
strength has been observed to influence activation 
of the gluteal musculature, as weaker individuals 
display greater muscle activation compared to stron-
ger individuals during the same standardized task.44 
Since muscle strength was similar, it is possible the 
differences in muscle activation were primarily due 
to differences in hip flexor muscle length between 
groups. Hip flexor muscle tightness may facilitate 
reciprocal inhibition and / or an abnormal resting 
muscle length of the gluteus maximus musculature 
underlying the observed lower gluteus maximus : 
biceps femoris co-activation ratio in the restricted 
group.

The current findings indicate that limited hip flexor 
muscle length does not directly alter internal hip and 
knee extension moments. However, the observed 
muscle activation strategy in individuals with lim-
ited hip flexor muscle length suggests that these 
individuals exhibit relatively greater reliance on 
hamstrings musculature versus gluteus maximus to 
eccentrically control hip flexion during a controlled 
functional movement. The requirement for greater 
hamstrings muscle co-activation may impart greater 
stress on the hamstrings, thus clinicians should be 

there was no difference in biceps femoris muscle 
activation amplitude, gluteus maximus strength, or 
internal hip and knee extension moments between 
groups. These findings support the hypothesis that 
gluteus maximus activation is affected by hip flexor 
muscle length. Furthermore, these findings impli-
cate that individuals with restricted hip flexor length 
may use less muscle activation of the gluteus maxi-
mus and greater relative activation of the hamstrings 
to achieve the same net hip extension moment pro-
file as those with normal hip flexor muscle length.

The restricted group had a relative difference of 60% 
less gluteus maximus activation compared to the 
normal group during the descending phase of the 
squat. The gluteus maximus is the primary muscle 
to eccentrically control hip flexion motion by gener-
ating an internal hip extension moment.28,42 Given 
the function of the gluteus maximus and the rela-
tively large decrease in activity of this muscle, the 
investigators expected to observe smaller internal 
hip extension and a compensatory knee extension 
strategy43 resulting in a greater internal knee exten-
sion moment in the restricted group. However, there 
was no difference in hip or knee extension moments 
between groups. Thus, the groups achieved the same 
net hip extension moment during the descent phase 
of the squat, but through different muscle activation 
strategies.

While not significantly different, the restricted 
group exhibited 15% greater relative biceps femo-
ris activation compared to the normal group. The 
combination of decreased gluteus maximus activa-
tion (60%, p <0.05) and increased biceps femoris 
(15%, p >0.05) activation resulted in a significantly 
smaller relative gluteus maximus : biceps femoris 
co-activation ratio between groups. Those with nor-
mal hip flexor length displayed a co-activation ratio 
of 2.30, indicating their gluteus maximus activation 

Table 2. Net normalized internal hip & knee extension moments (Nm/NBW/mHT ) during the descent phase of a double-leg 
squat, & isometric gluteus maximus strength (N/NBW)
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controlled motion to identify the effects of a specific 
ROM limitation on lower extremity hip and knee 
neuromuscular control.

It should also be noted that muscle strength was 
assessed via a maximal voluntary isometric contrac-
tion, yet the hip extensor musculature often func-
tions in both a concentric and eccentric manner 
during more demanding functional tasks. Further-
more, the study methodology evaluated hip exten-
sion strength of the gluteal muscle mass, and did not 
isolate hamstring muscle strength. Thus the com-
parison of clinical hip extension strength between 
groups is primarily focused on gluteal strength. 
Collectively, it is unclear if the strength measures, 
though clinically relevant, adequately reflect the 
functional demands of the hip extensors. Finally, 
this study’s methodology did not assess the acti-
vation of the primary hip flexor muscles, iliacus, 
and psoas major. Thus, it is not possible to deter-
mine if there was truly greater activation of the hip 
flexor muscles, which may have produced recipro-
cal inhibition of the gluteus maximus muscle in the 
restricted group. Future research should consider 
these limitations.21,47,48

CONCLUSIONS 
In conclusion, individuals with restricted hip flexor 
length displayed hip and knee extension moments 
similar to those with normal muscle length, but 
they achieved these moments with decreased glu-
teus maximus activation and greater relative ham-
strings co-activation (reduced gluteus maximus : 
hamstrings co-activation ratio). This decrease in glu-
teus maximus activation may be due to reciprocal 
inhibition of the gluteus maximus, which resulted in 
compensatory greater levels of relative hamstrings 
co-activation to achieve the same internal hip exten-
sion moment. These findings suggest that hip flexor 
muscle tightness may be an important factor to con-
sider in hamstring and ACL injury prevention pro-
gram s. The findings of this study provide rationale 
for clinicians to consider implementing a treatment 
paradigm aimed at increasing hip extension range of 
motion and gluteal muscle strength.49 Achieving or 
maintaining normal hip flexor muscle length may 
decrease the potential for an inhibitory effect of 
the shortened hip flexors on gluteal neuromuscular 
control. 

aware of a potential for increased risk of a hamstring 
muscle strain injury in those with hip flexor muscle 
tightness, characteristic of biomechanical overload 
of muscle tissue.30 In addition, greater hamstring 
muscle co-activation may make those with hip flexor 
muscle tightness more susceptible to hamstring 
muscle fatigue during sport.

The hamstrings are the primary muscle group 
responsible for controlling anterior tibial transla-
tion and shear forces, thus protecting the ante-
rior cruciate ligament.45 Fatigue of the hamstring 
muscles may allow for increased ACL loading and 
injury in those with hip flexor muscle tightness. 
Collectively, these results implicate that individu-
als with hip flexor muscle tightness may be at risk 
for injury to the hamstrings and / or ACL. As such, 
increasing activation of the gluteus maximus may 
reduce synergistic dominance of the hamstrings, 
thereby reducing the risks of future hamstrings or 
ACL injury. Furthermore, increasing hip extension 
ROM through manual therapies and stretching para-
digms aimed at increasing hip flexor muscle length 
may increase activation of the gluteus maximus, 
and reduce the requirement for greater hamstring 
co-activation.7,24 Additionally, greater activation of 
the gluteal musculature during functional tasks may 
have a protective effect against hip internal rotation 
and hip adduction, readily identifiable components 
of dynamic medial knee collapse observed during 
noncontact ACL injury events.46 Thus, clinicians 
should consider prescribing gluteal muscle strength-
ening exercises for individuals with restricted hip 
flexor muscle length in efforts to achieve greater 
activation of the gluteal musculature.49

This study was not without limitations. The sample 
included healthy, physically active female soccer 
athletes between the ages of 18 to 35 years, thus it is 
not clear if these findings are generalizable to other 
populations. In addition, data analysis was limited 
to the descent phase of a DLS. The lower extremity 
movements during the descent phase of a DLS are 
similar to deceleration motions during other more 
demanding and functional tasks associated with 
injury events. However, it is unclear if the findings 
are transferrable to other tasks. Yet, the DLS exem-
plifies a task that is a compromise between repre-
sentative motion during athletic tasks and an easily 



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 953

14. Boden BP, Torg JS, Knowles SB, et al. Video analysis 
of anterior cruciate ligament injury: abnormalities in 
hip and ankle kinematics. Am J Sports Med. 
2009;2:252-259.

15. Kolber MJ, Fiebert IM. Addressing Flexibility of the 
Rectus Femoris in the Athlete With Low Back Pain. 
Strength and Conditioning Journal. 2005;5:66-73.

16. Krivickas LS, Feinberg JH. Lower extremity injuries 
in college athletes: Relation between ligamentous 
laxity and lower extremity muscle tightness. Arch 
Phys Med Rehabil. 1996;11:1139-1143.

17. Teyhen D, Bergeron MF, Deuster P, et al. Consortium 
for health and military performance and American 
College of Sports Medicine Summit: utility of 
functional movement assessment in identifying 
musculoskeletal injury risk. Curr Sports Med Rep. 
2014;1:52-63.

18. Ferber R, Kendall KD, McElroy L. Normative and 
critical criteria for iliotibial band and iliopsoas 
muscle fl exibility. J Athl Train. 2010;4:344-348.

19. Delp SL, Hess WE, Hungerford DS, et al. Variation of 
rotation moment arms with hip fl exion. J Biomech. 
1999;5:493-501.

20. Zeller BL, McCrory JL, Kibler WB, et al. Differences 
in kinematics and electromyographic activity 
between men and women during the single-legged 
squat. Am J Sports Med. 2003;3:449-456.

21. Winters MV, Blake CG, Trost JS, et al. Passive versus 
active stretching of hip fl exor muscles in subjects 
with limited hip extension: a randomized clinical 
trial. Phys Ther. 2004;9:800-807.

22. Chumanov ES, Wille CM, Michalski MP, et al. 
Changes in muscle activation patterns when running 
step rate is increased. Gait Posture. 2012;2:231-5.

23. Gabbe BJ, Bennell KL, Finch CF. Why are older 
Australian football players at greater risk of 
hamstring injury? J Sci Med Sport. 2006;4:327-333.

24. Opar DA, Williams MD, Shield AJ. Hamstring strain 
injuries: factors that lead to injury and re-injury. 
Sports Med. 2012;3:209-226.

25. Moor MA, Hutton RS. Electromyographic 
investigation of muscle stretching techniques. Med 
Sci Sports Exerc. 1980;5:322-329.

26. Alter MJ. Science of Flexibility. Champaign, 
IL;Human Kinetics; 2004.

27. Liebenson C. Rehabilitation of the Spine: a Pracitioner’s 
Manual. 2nd ed. Baltimore, MD: Lippincott Williams 
& Wilkins; 2006.

28. Wagner T, Behnia N, Ancheta W-KL, et al. 
Strengthening and neuromuscular reeducation of 
the gluteus maximus in a triathlete with exercise-
associated cramping of the hamstrings. J Orthop 
Sports Phys Ther. 2010;2:112-119.

REFERENCES
1. de Loës M, Dahlstedt LJ, Thomée R. A 7-year study 

on risks and costs of knee injuries in male and 
female youth participants in 12 sports. Scand J Med 
Sci Sports. 2000;2:90-97.

2. Cumps E, Verhagen E, Annemans L, et al. Injury 
rate and socioeconomic costs resulting from sports 
injuries in Flanders: data derived from sports 
insurance statistics 2003. Br J Sports Med. 2008;9:767-
772.

3. Caine D, Maffulli N, Caine C. Epidemiology of injury 
in child and adolescent sports: injury rates, risk 
factors, and prevention. Clinics in Sports Medicine. 
2008;1:19–50–vii.

4. Toth AP, Cordasco FA. Anterior cruciate ligament 
injuries in the female athlete. J Gend Specif Med. 
2001;4:25-34.

5. Marshall SW, Padua DA, McGrath M. Incidence of 
ACL injury. In: Hewtt TE, Shultz SJ, Griffi n LY eds. 
Understanding and Preventing Noncontact ACL Injury. 
Champaign, IL: Human Kinetics; 2007:5-29.

6. Cross KM, Gurka KK, Saliba S, et al. Comparison of 
hamstring strain injury rates between male and 
female intercollegiate soccer athletes. Am J Sports 
Med. 2013;4:742-748.

7. Mendiguchia J, Alentorn-Geli E, Brughelli M. 
Hamstring strain injuries: are we heading in the 
right direction? Br J Sports Med. 2012;2:81-85.

8. Hägglund M, Waldén M, Magnusson H, et al. Injuries 
affect team performance negatively in professional 
football: an 11-year follow-up of the UEFA 
Champions League injury study. Br J Sports Med. 
2013;12:738-742.

9. Esteve E, Rathleff MS, Bagur-Calafat C, et al. 
Prevention of groin injuries in sports: a systematic 
review with meta-analysis of randomised controlled 
trials. [published ahead of print March 27, 2015] Br J 
Sports Med. doi:10.1136/bjsports-2014-094162.

10. Fousekis K, Tsepis E, Poulmedis P, et al. Intrinsic 
risk factors of non-contact quadriceps and hamstring 
strains in soccer: a prospective study of 100 
professional players. Br J Sports Med. 2011;9:709-714.

11. Krosshaug T, Nakamae A, Boden BP, et al. 
Mechanisms of anterior cruciate ligament injury in 
basketball: video analysis of 39 cases. Am J Sports 
Med. 2007;3:359-367.

12. Padua DA, Marshall SW, Beutler AI, et al. Sex 
Comparison of Jump Landing Kinematics and 
Technique. Med Sci Sports Exerc. 2004;S348.

13. Zazulak BT, Ponce PL, Straub SJ, et al. Gender 
comparison of hip muscle activity during single-
leg landing. J Orthop Sports Phys Ther. 2005;5:292-
299.



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 954

41. Grood ES, Suntay WJ. A joint coordinate system for 
the clinical description of three-dimensional 
motions: application to the knee. J Biomech Eng. 
1983;2:136-144.

42. Winter DA. Biomechanics and Motor Control of Human 
Movement. 4 ed. Hoboken, NJ: John Wiley & Sons; 
2009.

43. Shimokochi Y, Ambegaonkar JP, Meyer EG, et al. 
Changing sagittal plane body position during single-
leg landings infl uences the risk of non-contact 
anterior cruciate ligament injury. Knee Surg Sport Tr 
A. 2013;4:888-897.

44. Homan KJ, Norcross MF, Goerger BM, et al. The 
infl uence of hip strength on gluteal activity and 
lower extremity kinematics. J Electromyogr Kinesiol. 
2013;2:411-415.

45. Withrow TJ, Huston LJ, Wojtys EM, et al. Effect of 
varying hamstring tension on anterior cruciate 
ligament strain during in vitro impulsive knee 
fl exion and compression loading. J Bone Joint Surg 
Am. 2008;4:815-823.

46. Krosshaug T, Slauterbeck JR, Engebretsen L, et al. 
Biomechanical analysis of anterior cruciate ligament 
injury mechanisms: three-dimensional motion 
reconstruction from video sequences. Scand J Med 
Sci Sports. 2007;5:508-519.

47. Di Giulio I, Maganaris CN, Baltzopoulos V, et al. The 
proprioceptive and agonist roles of gastrocnemius, 
soleus and tibialis anterior muscles in maintaining 
human upright posture. J Physiol (Lond). 
2009;587:2399-2416.

48. Morrissey D, Graham J, Screen H, et al. Coronal 
plane hip muscle activation in football code athletes 
with chronic adductor groin strain injury during 
standing hip fl exion. Man Ther. 2012;2:145-149.

49. Reiman MP, Bolgla LA, Loudon JK. A literature 
review of studies evaluating gluteus maximus and 
gluteus medius activation during rehabilitation 
exercises. Physiother Theory Pract. 2012;28:257-268.

29. Sahrmann S. Diagnosis and Treatment of Movement 
Impairment Syndromes. Oxford, UK: Elsevier Health 
Sciences; 2013.

30. Franklyn-Miller A, Roberts A, Hulse D, et al. 
Biomechanical overload syndrome: defi ning a new 
diagnosis. Br J Sports Med. 2014;6:415-416.

31. Renstrom P, Peterson L. Groin injuries in athletes. Br 
J Sports Med. 1980;1:30-36.

32. Renström P, Johnson RJ. Overuse Injuries in Sports 
A Review. Sports Med. 1985;5:316-333.

33. Ford KR, Myer GD, Hewett TE. Valgus knee motion 
during landing in high school female and male 
basketball players. Med Sci Sports Exerc. 2003;10:1745-
1750.

34. McLean SG, Huang X, van den Bogert AJ. 
Association between lower extremity posture at 
contact and peak knee valgus moment during 
sidestepping: implications for ACL injury. Clin 
Biomech. 2005;8:863-870.

35. Pantano KJ, White SC, Gilchrist LA, et al. 
Differences in peak knee valgus angles between 
individuals with high and low Q-angles during a 
single limb squat. Clin Biomech. 2005;9:966-972.

36. Clapis PA, Davis SM, Davis RO. Reliability of 
inclinometer and goniometric measurements of hip 
extension fl exibility using the modifi ed Thomas test. 
Physiother Theory Pract. 2008;2:135-141.

37. Gabbe BJ, Bennell KL, Wajswelner H, et al. 
Reliability of common lower extremity 
musculoskeletal screening tests. Physical Therapy in 
Sport. 2004;2:90-97.

38. Peeler J, Anderson JE. Reliability of the Thomas test 
for assessing range of motion about the hip. Physical 
Therapy in Sport. 2007;1:14-21.

39. Rainoldi A, Melchiorri G, Caruso I. A method for 
positioning electrodes during surface EMG 
recordings in lower limb muscles. J Neurosci Methods. 
2004;1:37-43.

40. Bell AL, Pedersen DR, Brand RA. A comparison of 
the accuracy of several hip center location 
prediction methods. J Biomech. 1990;6:617-621.



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 955

ABSTRACT

Background: Although the dynamic balance has been proposed as a risk factor for sports-related injuries, 
few researchers have used the Y balance test to examine this relationship. The purpose of this study was 
to determine if the Y Balance Test (YBT) is a valid test for determining subjects susceptible to soft tissue 
injury among soccer players on a professional team.

Study Design: Prospective cohort

Methods and Measures: Prior to the 2011 football (soccer) season, the anterior, posteromedial and postero-
lateral YBT reach distances and limb lengths of 74 soccer players were measured. Athletes’ physiothera-
pists documented how many days the players were unable to play due to the injuries. After normalizing 
for lower limb length, each of the reach distances, right/left reach distance difference and composite reach 
distance were examined using odds ratios and logistic regression analysis.

Results: Logistic regression models indicated that players with a difference of equal or greater than 4cm 
between lower limbs in posteromedial direction were 3.86 more likely to sustain a lower extremity injury 
(p=0.001). Results indicate that players who had lower scores than the mean in each reach direction, inde-
pendently, were almost two times more likely to sustain an injury.

Conclusions: The results suggest that YBT can be incorporated into physical examinations to identify soc-
cer players who are susceptible to risk of injury. 

Key Words: Balance/postural stability, injury prevention, lower extremity
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INTRODUCTION
Typically, sports and exercise are considered to have 
a long-term health benefits. However, there are cer-
tain health risks, such as injury, that should be taken 
into consideration.1,2 Injury prevention in sports is 
very important, and a lot of investigative time and 
effort is spent in this realm. Prevention is important 
given the fact that athletes do not wish to miss com-
petitions or training for their sports.

A number of different tools have been created that 
are designed to pinpoint the athlete’s predisposi-
tion to or risk for injuries. In addition, health pro-
fessionals and coaches should work with athletes to 
attempt to reduce the number of injuries as much 
as possible. The objective of the prevention process 
is not to completely eliminate injuries, but rather to 
reduce them and keep them at an acceptable level.

The risk of injury is a combined measurement of 
incident probability and the consequences of an 
adverse effect. The risk factor is a situation that 
offers a predisposition to an adverse event. The 
estimation and evaluation of the risk level is called 
“risk assessment”. If the activity risk level combined 
with the individual risk level is considered too high, 
preventive measures must be applied in order to 
decrease the risk.3 

Risk factors can be divided into two groups: intrinsic 
and extrinsic. Intrinsic factors include medical his-
tory, age, physical conditioning, and performance 
measures such as balance and functional move-
ments. Extrinsic factors include the weather, tem-
perature, and altitude. Both types of factors should 
be considered when examining risk.

Injuries can be divided in two types, contact injuries, 
caused by contact with a fellow athlete or an object 
while participating in competition or training, and 
non-contact injuries which are often caused by intrin-
sic factors such as neuromuscular disorders, being 
unfit, training overload, etc. Non-contact injuries are 
often the focus of prevention initiatives, and manag-
ing identified risk factors plays an important part.

Well-designed prevention programs with neuromus-
cular and proprioceptive training components have 
been suggested to reduce injury risks.4 There is evi-
dence regarding the efficiency of training  prevention 

programs for the reduction of some injuries in adults 
and teenagers in sports which involve pivoting.5 Many 
authors have shown that interventions that include 
balance exercises6,7,8 are very efficient in injury risk 
reduction as well as performance improvement after 
an injury.9 Changes in proprioception and neuro-
muscular control are considered to be responsible for 
these effects.10 

Poor balance, altered motor control, or lack of neu-
romuscular control have all been described as pre-
dictors of injury risk in the lower limbs of athletes.11 
Poor dynamic balance is considered an intrinsic risk 
factor. The implementation of an injury prevention 
program that includes balance and neuromuscular 
control in soccer athletes has been shown to reduce 
both injury incidence and health care costs.12 How-
ever, in order to implement an injury prevention 
program athletes at risk must be identified. Several 
methods or measures have been proposed to asses 
injury predisposition, including injury history, body 
mass index, hop testing, and isokinetic testing. 
One of the most promising is the evaluation of the 
dynamic balance using the Y Balance Test (YBT).

 The YBT has been shown to be able predict lower 
extremity injury in university basketball players,13 

and to identify those with chronic ankle instabilities.13 

In addition, the YBT improves with training ses-
sions14 and is a good test to evaluate whether or not 
the athlete can return to practicing sports. Hertel et 
al and Plisky et al 13,15 reduced the number of reach 
directions to three from the original eight proposed 
by the createors of the Star Excursion Balance Test, 
anterior, posteromedial, and posterolateral. 

The YBT is a functional test that requires strength, 
flexibility, neuromuscular control, stability, range of 
movement, balance, and proprioception. This test is 
a good solution for functional testing because of its 
speed, efficiency, portability, consistency, and objec-
tivity. It can be performed on multiple surfaces. In 
less than three minutes/subject one can perform a 
standard protocol with high inter and intra-evaluator 
reliability (95% CI: 0.88 –0.99 p<.01).15,17 This fact 
makes it possible to test many athletes during the 
pre-season. When the results of the YBT are asym-
metrical or fail to meet expected norms (for gender, 
sport, experience level) a neuromuscular system 
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disorder may be present. However, it is important to 
remember that the YBT is only a test, and is not an 
assessment of the cause of the disorder. 

According to Plisky et al13 a greater than four cen-
timeter difference in the anterior reach direction 
between the legs suggests that an athlete has 2.5 
times greater risk of injury. The YBT could be useful 
to identify athletes that are vulnerable to injuries. 
Side to side differences in performance of the YBT 
is considered an intrinsic risk factor for injury. The 
YBT has been shown to have significant differences 
in performance between genders, types of sports, 
and competition levels. In a study of 598 athletes, 
high school basketball player’s scores were much 
worse than those found in the university players.16 

For these reasons, it is of interest to test players at the 
beginning of the preseason and study the number of 
injuries that subsequently occur throughout the sea-
son in order to determine injury risk. Considering 
the fact that all the studies to date have been carried 
out in the United States, it is important that similar 
same studies be conducted worldwide. Therefore, 
the purpose of this study was to determine whether 
the preseason YBT scores were able to predict injury 
in Spanish professional soccer players. 

METHODS

Subjects and Setting: 
Athletes from a professional soccer club that has six 
teams, two professional and four amateur were fol-
lowed during the 2011-2012 season. All the subjects 
were males and of the 101 players who were a part of 
the six teams, 74 participated in the study. Thirteen 
players left the club before the study was completed. 
Fourteen players were excluded due to human 
errors in recording injury dates by the responsible 
physiotherapists’ who served as data collectors. The 
Institutional Board of Jaume I University, approved 
the study. Written consent was obtained from play-
ers, parents or guardians prior to participation in 
the study. The rights of the subjects were protected 
throughout the study.

Questionnaire: 
During the 2011-2012 season, each teams physio-
therapist collected players’ baseline and injury data: 
name and age, date of any sustained injury, days not 

played due to injury, games missed, injured body 
part(s), type of injury, medical diagnosis, date of 
relapse, and whether it was a contact or non-contact 
injury. 

YBT-LQ Protocol
The YBT is a functional test that requires strength, 
flexibility, neuromuscular control, balance, stability, 
and range of motion (ROM). The lower quarter ver-
sion of the YBT (YBT-LQ) was performed barefoot. 
A YBT Kit (Perform Better, West Warwick, Rhode 
Island) was used, which consists of three connected 
cylindrical tubular plastic bars marked in half cen-
timeter increments. Each bar has a moveable indi-
cator plate, which the subject moves by pushing 
with their foot/toes without bearing weight on the 
indicator. 

Prior to the test, players performed a warm-up on an 
exercise bicycle for three minutes. The players were 
then allowed to have six practice trials on each leg 
in each of the three reach directions prior to formal 
testing. The player was instructed to stand on the 
leg (which was being evaluated) in the center of the 
platform with the most distal end of the longest toe 
just behind the red line. While maintaining single-
leg stance, the player was instructed to reach with 
the free limb in the anterior direction for three trials 
(Figure 1), followed by three trials in posteromedial 
direction (Figure 2) and then three trials in postero-
lateral direction (Figure 3), all named in relation to 
the stance foot, per YBT-LQ protocol. 

The player was instructed to push the distance indi-
cator as far as possible towards the direction that 
was being evaluated. The player was monitored by 
the researcher during testing, and was not allowed 
to move the indicator by kicking it or accelerating 
the indicator at the end of the push. The maximal 
reach distance was recorded at the most distal point 
reached by the foot in the proximal edge of the indi-
cator and was measured to the half centimeter. The 
trial was discarded and repeated if the player (1) Lost 
his balance during the exercise (reaching the maxi-
mal point and coming back at the initial position), (2) 
Lifted the heel of the foot that was on the platform. 
The entire surface of the foot must have remained 
remain in contact with the platform throughout the 
entire duration of the movement, (3) The foot did 
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not maintain contact with the distance indicator 
while the indicator was in motion (e.g. the indica-
tor was kicked), (4) The distance indicator was used 
to maintain posture (e.g. the athlete supported their 
weight on the movement indicator), or (5) a loss of 
balance occurred during the return to the starting 
position once the distance had been marked. The 
greatest of the three trials for each reach direction 
was used for analysis. Also, the greatest reach dis-
tances for each of the directions were summed to 
yield a composite reach distance, which was normal-
ized to limb length for analysis of the overall perfor-
mance on the test.

Subjects limb length was measured before doing the 
test. They were placed in supine on a table with their 
hips and knees flexed. Subjects then lifted the pelvis and 
returned it passively to the table. The examiner then 
stretched the lower limbs passively into  extension, in 

order to balance the pelvis. The subject’s right leg was 
measured in centimeters, with a tape measure, from 
the bottom edge of the anterior superior iliac spine to 
the distal edge of the medial malleolus. One researcher 
measured the subjects´ limb length and explained the 
test procedures, and the other researcher collected 
data during the test and made sure that all test move-
ments were performed correctly.

Injury Surveillance Protocol
All injury data were recorded on a table by the phys-
iotherapist responsible for the injured player. Sev-
eral details were recorded including: name, injury 
date, the date of recovery, and the body side and 
area. The number of missed days and matches were 
also recorded. A medical assessment was carried out, 
determining the type of injury (contact or non-con-
tact) and whether it was sustained during a match 

Figure 1. Y-Balance test anterior reach. Figure 2. Y-Balance test posterior medial reach
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or a training session, and both of these details were 
recorded. Lastly, it was determined whether there 
was a violation of soccer rules that had occurred 
when the injury was sustained.

For the purposes of this study, an injury was defined 
as an event that caused at least one training day to be 
missed. A missed day was defined as the day follow-
ing the moment the injury was sustained. Missed days 
ended when the subject was discharged from medical 
services (that day exclusive) and was able to return 
to training with the team. According to Ekstrand18 
and Fuller,19 injuries can be divided into minimal (1-3 
missed days), mild (4-7 missed days), moderate (8-28 
missed days) or severe (more than 28 missed days).

Statistical Methods
Means and standard deviations were calculated for 
the baseline characteristics, YBT reach distance, and 

limb length. As reach distance is associated with limb 
length, reach distance was normalized to limb length 
in order to allow for comparison between players. To 
express reach distance as a percentage of limb length, 
the normalized value is calculated by using the for-
mula: reach distance divided by limb length, multi-
plied by 100. Composite reach distance is calculated 
using the formula: the sum of the three reach direc-
tions divided by three times the limb length, multi-
plied by 100. For right/left reach distance difference, 
a cutoff point of 4.0 cm in each direction was selected 
a priori and used to classify a player at increased risk 
for injury based on the results of Olmstead et al.20

Crude odds ratios and 95% confidence intervals 
were calculated for total lower limb injuries, and 
those that were contact and non-contact. This was 
accomplished by comparing the proportion of indi-
viduals at risk of injury (reach distance difference 
between right and left leg in the same direction ≥ 
4cm) without risk of injury (reach distance differ-
ence between right and left leg in the same direction 
<4cm) and comparing the proportion of individuals 
at risk of injury (more days off during the season 
that the average of the sample) without risk of injury 
(less days off than the average of the sample). An 
alpha level of p<.05 was used to determine statisti-
cally significant differences. All data were analyzed 
using R for Windows, Version 2.14. 21

RESULTS
Seventy-four subjects were included, who were on 
average 20.89 ± 5.31 years old. From September 1 
to April 30, a total of 1874 training sessions were 
missed, with a mean of 25.32 (± 36.7) missed days 
per player. Of the total of subjects, 34 (45.95%) were 
from one of the two professional teams (age, 25.38 
± 4.76) and 40 (54.05%) were from amateur teams 
(age, 17.07 ± 1.07). Total missed training sessions 
were 880 in professionals and 994 in non-profes-
sional subjects. All participants were from the same 
organization. Baseline characteristics including age, 
number of missed days and mean of missed days 
per players are shown in Table 1. 

The results for YBT test performance at the begin-
ning of the season are displayed in Table 2. These 
are actual distances reached by the subjects, without 
normalization. In anterior direction, the mean reach 

Figure 3. Y-Balance test posterior lateral reach
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for all subjects was 55.74 ± 5.56 cm. Professionals 
reached 57.20 ± 6.02 cm and amateurs 54.5 ± 4.87 
cm. In PM direction, mean reach for all subjects was 
107.38 ± 7.37 cm, and professionals reached 106.91 
± 8.46 cm while amateurs reached 107.77 ± 6.39 
cm. In the PL direction mean reach scores were 
104.70 ± 8.50 cm, professionals reached 104.32 ± 
8.69 cm while amateurs reached 105.01 ± 8.42 cm. 
The composite reach distance was 267 ± 18.52 cm 
for all the subjects; 268.44 ± 20.62 cm in profession-
als and 267.28 ± 16.78 cm in amateurs.

Normalized reach distances (direct reach distance 
divided by limb length and multiplied by 100) results 
are displayed in Table 2. The anterior direction 

mean for all subjects was 62.71 ± 5.14%. Profession-
als reached 61.53 ± 5.59% and amateurs reached 
63.71 ± 4.57%. In PM direction, the sample mean 
was 119.85 ± 8.79%, professionals reaching 116.03 ± 
8.04%, and amateurs, 123.10 ± 8.14%. In PL direc-
tion, the normalized reach for all subjects was 117.17 
± 9.72%, 113.29 ± 8.00% for professionals, and 120.46 
± 9.94% for the amateurs. With regard to compos-
ite normalized reach results, the sample mean was 
99.91 ± 6.87%. In professionals the mean composite, 
normalized reach distance result was 96.95 ± 6.09% 
while in amateurs it was 102.42 ± 6.54%.

Injury risk according to the difference between abso-
lute reach distances is shown in Tables 3, 4, 5, and 6 

Table 1. Baseline characteristics of soccer players during 2011-12.

Table 2. Mean of reach distances of players during 2011-2012 season. Values reported in 
centimeters
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and according to normalized reached distance com-
pared with the total average is presented in Tables 
7, 8, 9 and 10. Regarding the injury risk, results in 
Tables 3, 4, 5 and 6 dichotomize differences between 
limbs as equal, lesser than, or greater than 4cm dif-
ferent in each direction and the number of injury 
risk subjects (high injury risk as previously defined 
as having more missed days than the average). The 
only significant odds ratio (OR) was between PM 
direction and non-contact injuries, with an OR of 
3.86 (95% CI: 1.46 – 10.95). (Table 4) Although not 
statistically significant, the OR of 2.10 (95% CI: 0.74 
– 6.0) was found in the difference between limbs in 

anterior reach distances and injury risk in contact 
injuries. With regard to total injuries, the OR was 
0.50 (CI 95% CI: 0.2 – 1.4), and in non-contact inju-
ries the OR of 0.48 (95% CI: 0.2 – 1.4).

Injury risk according to the normalized reach dis-
tances, are presented in Tables 7, 8, 9 and 10. There 
were no significant OR’s although there were scores 
where some type of relation may have existed. When 
anterior direction scores were examined with injury 
risk in contact injuries in table 7, the OR was 1.89 
(95% CI: 0.72 – 5.13). In Table 8, PM direction was 
examined with injury risk in non-contact  injuries, 

Table 3. Risk as related to anterior direction reach difference between limbs

Table 4. Risk as related to posteromedial direction difference between limbs
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cer players. The results show that athletes with a side-
to-side difference equal to or greater than 4cm in PM 
direction have a 3.86 greater probability of suffering a 
non-contact injury than those who did not. Plisky et 
al13 showed that high school basketball players with 
decreased normalized reach distance in PM direc-
tion were significantly associated with lower extrem-
ity injury (p<.05). In addition, although there were 
no significant differences, there were indications that 
players who have low scores in anterior direction have 
nearly two times the possibility of a contact injury (OR 
1.89) similar to the findings of Plisky et al13. 

The results of the current research did not agree 
with the findings of Plisky et al who suggested that 

and the OR was 2.14 (95% CI: 0.85 – 5.33). In con-
trast, in Table 9, PL direction with total injury risk 
provided an OR of 2.41 (95% CI: 0.96 – 6.26). When 
only with non-contact injuries were considered, 
the OR was 2.18 (95% CI: 0.87 – 5.67). When the 
composite results are normalized, and related to an 
injury risk in total injuries Table 10 shows the OR of 
1.93 (95% CI: 0.77 – 4.96), while when joined with 
injury risk in non-contact injuries only, the OR was 
2.24 (95% CI: 0.89 – 5.86).

DISCUSSION 
The aim of this study was to determinate if YBT could 
be used as a predictor of lower extremity injury in soc-

Table 6. Risk as related to composite reach difference between limbs

Table 5. Risk as related to posterolateral direction difference between limbs
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Gender, competitive level, and type of sport are pur-
ported to affect YBT performance. 

Nevertheless, the current results demonstrated that 
those in the current study who had differences of 
greater than 4 cm in the PM direction had almost a 
four fold greater possibility of suffering a non-contact 
injury in a lower limb. These results  demonstrate 

a difference of greater than 4 cm in ANT direction 
between limbs implied having 2.5 greater possibil-
ity of injury. When comparing results between this 
study and the Plisky et al study, the athletes sport of 
preference differed; and although basketball can be 
compared to football (soccer) in some aspects, there 
are several performance based differences which 
may account for the differences in study outcomes. 

Table 7. Risk injury using normalized anterior reach distance average for 
total sample 

Table 8. Risk injury using normalized posteriomedial reach distance average 
for total sample 



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 964

the OR was 1.93 (95% CI: 0.77 – 4.96) while when 
the composite result was related to injury risk in 
non-contact injuries only, the OR was 2.24 (95% CI: 
0.89 – 5.86), and both were statistically significant. 
The injury risk in those with a composite reach 
distance less than the average of the sample were 
approximately two times more likely to sustain an 
injury. If composite scores lower than the average 
can be considered as having poorer balance, these 

that there is a relationship between non-contact 
injuries and the reaching difference in the PM direc-
tion between lower limbs, which may indicate that 
body balance is essential for performance stability, 
and is important with regard to non-contact injury 
but does not directly relate to contact injury. 

In reference to the composite result of normalized 
directions in Table 10, when related to total  injuries, 

Table 9. Risk injury using normalized posterolateral reach distance average 
for the total sample 

Table 10. Risk injury using normalized composite reach distance average for the 
total sample 
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ABSTRACT
Background: Foot orthotics are commonly utilized in the treatment of patellofemoral pain (PFP) and have shown 
clinical benefit; however, their mechanism of action remains unclear. Patellofemoral joint stress (PFJS) is thought to 
be one of the main etiological factors associated with PFP.

Hypothesis/Purpose: The primary purpose of this study was to investigate the effects of a prefabricated foot orthotic 
with 5° of medial rearfoot wedging on the magnitude and the timing of the peak PFJS in a group of healthy female 
recreational athletes. The hypothesis was that there would be significant reduction in the peak patellofemoral joint 
stress and a delay in the timing of this peak in the orthotic condition 

Study Design: Cross-sectional 

Methods: Kinematic and kinetic data were collected during running trials in a group of healthy, female recreational 
athletes. The knee angle and moment data in the sagittal plane were incorporated into a previously developed model 
to estimate patellofemoral joint stress. The dependent variables of interest were the peak patellofemoral joint stress 
as well as the percentage of stance at which this peak occurred, as both the magnitude and the timing of the joint 
loading are thought to be important in overuse running injuries. 

Results: The peak patellofemoral joint stress significantly increased in the orthotic condition by 5.8% (p=.02, 
ES=0.24), which does not support the initial hypothesis. However, the orthotic did significantly delay the timing of 
the peak during the stance phase by 3.8% (p=.002, ES=0.47).

Conclusions: The finding that the peak patellofemoral joint stress increased in the orthotic condition did not support 
the initial hypothesis. However, the finding that the timing of this peak was delayed to later in the stance phase in the 
orthotic condition did support the initial hypothesis and may be related to the clinical improvements previously 
reported in subjects with PFP. 

Level of Evidence: Level 4

Keywords: Biomechanics, knee, patellofemoral pain
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INTRODUCTION
Patellofemoral pain (PFP) is the most common run-
ning-related injury treated within a sports medicine 
setting.1 In fact, it is twice as common as the next 
most frequently reported condition (iliotibial band 
syndrome). Unfortunately, in many cases it can per-
sist and limit sports participation and impair func-
tion years after the initial diagnosis.2,3 It has also been 
proposed to be a risk factor in the development of 
patellofemoral osteoarthritis.4 As a result, developing 
effective treatment options and optimizing current 
management approaches is of great interest to clini-
cians involved in the treatment of PFP.5 This topic 
has particular relevance to the female recreational 
athlete as the incidence of PFP has been reported 
to be two times higher in females in comparison to 
males of similar activity levels,6 although the exact 
reason for this discrepany remains unclear.

PFP is a complex condition, with contributing factors 
proximal, local, and distal to the knee joint.5 Increased 
patellofemoral joint stress (PFJS) is one of the most 
commonly accepted etiological factors in the develop-
ment of PFP.7-10 An increase in PFJS can occur due to 
an increase in the patellofemoral joint reaction force, a 
reduction in the contact area between the patella and 
the femur, or some combination of these two factors.11 

Alterations in the frontal and transverse plane kine-
matics of the hip and knee are thought to impact 
the mechanics of the patellofemoral joint. This may 
lead to a reduction in the patellofemoral contact area 
which may ultimately increase PFJS.8-10,12,13 Cadaver 
studies have confirmed the fact that manipulating 
the position of the tibia and the femur in the frontal 
and transverse planes can have a significant effect 
on the patellofemoral joint contact area.8-10 It has 
also been reported that females with PFP demon-
strate increased hip adduction and internal rotation 
and increased knee external rotation during run-
ning, in comparison to healthy subjects.14-18 

The behavior of the foot has been theoretically 
linked to PFJS as excessive pronation is thought 
to alter the mechanics of the knee and hip in the 
frontal and transverse planes.12,13 As a result of the 
possible link between the mechanics of the foot 
and the etiology of PFP, foot orthotics designed to 
limit excessive pronation via relatively conservative 

degrees of medial rearfoot wedging (4-6°), are often 
used in the management of PFP. Clinically, these 
types of orthotics have been shown to have a posi-
tive effect in regards to pain19,20 and function19 and 
may have similar effects to a multimodal physical 
therapy intervention (i.e. joint mobilization, patellar 
taping, quadriceps strengthening, and patient edu-
cation) in the early management of PFP.21 

While it appears that some patients with PFP may 
benefit from the use of a foot orthotic, there is less 
evidence to support the theoretical basis behind their 
proposed mechanism of action. Several researchers 
have investigated the effects of a foot orthotic on the 
kinematics of the knee and hip during running and 
have reported small and inconsistent effects in the 
frontal and transverse planes.22-27 It has also been 
consistently reported that a foot orthotic signifi-
cantly increases the magnitude of the knee abduc-
tion moment.22,23,28 This does not support their use 
in the management of PFP as increased loading in 
the frontal plane has been found to increase the risk 
of developing PFP in both retrospective and prospec-
tive analyses.29 There appears to be little consensus 
regarding the mechanism of action behind the posi-
tive clinical effects of a foot orthotic in patients with 
PFP, which makes providing clear recommendations 
regarding orthotic design and prescription challeng-
ing. Until a clearer understanding of the mechanism 
of action of a foot orthotic is established, it is unlikely 
that this intervention will reach its peak efficacy. 

While the biomechanical effects of a foot orthotic 
have been traditionally analyzed in the frontal and 
transverse planes, sagittal plane knee dynamics 
may also significantly influence PFJS.30,31 Brechter 
and Powers11 developed a sagittal plane model to 
estimate PFJS with inputs of the knee flexion angle 
and knee extension moment. Using this model, 
they found that subjects with PFP had significantly 
greater peak PFJS in comparison to a healthy con-
trol group during a fast walking condition. The same 
modeling approach has been used to estimate PFJS 
during running.18,32-34 Similar to the results from the 
walking analysis11 it has been reported that subjects 
with PFP demonstrate greater peak PFJS in compar-
ison to healthy control subjects.18 It is possible that 
the clinical benefit of a foot orthotic in runners with 
PFP may be related to the orthotics’ effect on PFJS. 
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The primary purpose of this study was to investigate 
the effects of a prefabricated foot orthotic with 5° of 
medial rearfoot wedging on the magnitude and the 
timing of the peak PFJS in a group of healthy female 
recreational athletes. The peak PFJS was chosen 
because this has been shown to be greater in sub-
jects with PFP during walking11 and running18 and is 
thought to be a primary contributor in the develop-
ment of PFP. The effects of the orthotic on the tim-
ing of this peak was also analyzed as the importance 
of considering the temporal characteristics of joint 
loading has also been previously highlighted.23,35,36 It 
was hypothesized that the peak PFJS would be sig-
nificantly less and would occur later in the stance 
phase with the application of the foot orthotic. 
These results may help to explain the mechanism of 
action of a foot orthotic in the management of PFP 
and may be of interest to those involved in orthotic 
prescription and design.

METHODS
This cross-sectional study included 18 female sub-
jects between the ages of 18-45 years old, who ran 
with a rearfoot strike pattern, and were considered 
recreationally active based on the Tegner Activity 
Level scale score of greater than or equal to five out 
of ten.37 Exclusion criteria included: 1) any medi-
cal condition which would limit physical activity, 
2) any previous history of lower extremity surgery, 
3) any lower extremity injury in the previous six 
months which limited training, or 4) a history of 
orthotic use. The decision to include healthy run-
ners is based on a previous study which reported 
that the effects of a medially-wedged foot orthotic 
on the mechanics of the knee are similar between 
subjects with and without PFP.22 Therefore, it seems 
that healthy subjects can serve as a model for the 
mechanical effects which can be expected in a group 
with PFP. Female subjects were included in this 
study because of the greater incidence of PFP in this 
group in comparison to males6 and the fact that pre-
vious studies which have used a similar modeling 
approach to estimate PFJS during running have also 
included females.18,32,34 This allowed for the compari-
son of the results of this analysis to studies which 
have included a similar subject group. The study 
received approval by the institutional review board 
at the University of Wisconsin – Milwaukee and all 

subjects provided informed consent to participate. 
All necessary measures were implemented in order 
to ensure that the rights of the subjects included 
within the study were protected. 

During a single testing session, three-dimensional kine-
matic data were collected at 200 Hz with a ten-camera 
Eagle system (Motion Analysis, Inc., Santa Rosa, CA), 
and ground reaction forces (GRF) were synchronously 
recorded at 1000 Hz using an AMTI force plate (OR6-
5; Advanced Mechanical Technology Inc., Watertown, 
MA). All trials were performed in standard laboratory 
footwear (NBA-801; New Balance, Brighton, MA) which 
had no heel counter in order to allow for direct obser-
vation of the rearfoot.23 The orthotic was prefabricated, 
three-quarter length, and had a 5° medial rearfoot 
wedge (L3060 Basic Foot Orthosis; Freedom Prosthet-
ics and Orthotics, Houston, TX). 

Retroreflective markers were placed on the left and 
right ASIS and PSIS in order to track the motion of the 
subject’s pelvis. Additional, four-marker clusters were 
placed on the right thigh, leg, and calcaneus in order 
to track the subject’s thigh, leg, and foot. A standing 
calibration was recorded with additional calibration 
markers placed on the most superior aspect of the 
left and right iliac crests, as well as on the greater 
trochanters, right lateral and medial femoral epicon-
dyles, right lateral and medial malleoli, and the right 
first and fifth metatarsal heads. These markers were 
removed following a three-second static standing 
trial. The participants then performed running trials 
with (Orthotic) and without (Baseline) the orthotic, 
with the order of the conditions being randomized. 
Subjects were allowed practice trials in order to 
accommodate to the orthotic. They then completed 
10 successful running trials down a 15-m runway at a 
speed of 4.0 m/s (±5%) in each of the two conditions 
with their running speed monitored with two photo-
electric timing gates positioned along the runway. 

The raw three-dimensional coordinate and force data 
were filtered using a 4th-order, zero lag, recursive But-
terworth filter with a cutoff frequency of 12 Hz and 50 
Hz, respectively.23 Right-handed Cartesian local coor-
dinate systems for the pelvis, thigh, shank, and foot 
segments of the stance leg were defined to describe 
the position and orientation of each segment. Three-
dimensional joint angles were calculated using a joint 
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coordinate system approach.18 The joint center of the 
knee was estimated by finding the midpoint between 
the medial and lateral femoral epicondyles while the 
ankle joint center was estimated by finding the mid-
point between the medial and lateral malleoli. The 
hip joint centers were estimated to be located at 25% 
of the distance from each of the greater trochanter 
markers.23 Joint kinetics were calculated using a New-
ton-Euler approach with previously estimated body 
segment parameters.38 The calculation of the joint 
angles and moments during the stance phase was per-
formed with Visual3D software (C-Motion, Inc., Rock-
ville, MD) with initial contact and toe off determined 
when the vertical GRF exceeded and fell below 20 N, 
respectively. All data were time normalized to 101 data 
points to reflect the percentage of the stance phase.

Next, the patellofemoral joint stress (PFJS) was 
calculated using custom written Matlab code 
(MathWorks, Inc., Natick, MA). The model used to 
estimate the PFJS was initially developed by Brech-
ter and Powers11 in order to compare PFJS between 
groups with PFP and a healthy control group during 
walking. However, it has also been used extensively 
to estimate PFJS during running.18,32-34 The inputs 
required to estimate PFJS are the internal net knee 
extension moment and the knee flexion angle. The 
first step is to calculate the effective moment-arm 
(r) of the quadriceps musculature using a non-linear 
equation (Equation 1) provided by Salem and Pow-
ers31 which was fit to the data from van Eijden et al.39 

Equation 1.  

r(m) = 8.0e–5x3 – 0.013x2 + 0.28x + 0.046

x = knee flexion angle
Next, the estimated quadriceps force (QF) was cal-
culated by dividing the net knee extension moment 
(Mext  ) by the effective moment arm (r) (Equation 2).

Equation 2. 

QF(N)=
Mext (Nm)

r(m)

A constant (k) described by Brechter and Powers11 
(Equation 3) was used to calculate the patellofemo-
ral joint reaction force (PFJRF) (Equation 4). 

Equation 3.

k=
e + e x e x
e x+

4.62 1.47 3.84
1 1.62 1.55

01 03 05 2

02

− − −

−

−
− ee x e x− −−04 2 07 36.98

x = knee flexion angle

Equation 4. 

PFJRF(N) = k * QF(N)

The patellofemoral joint contact area (PFJCA) was 
calculated as a function of the knee flexion angle 
using data from Connolly et al40 and an equation 
(Equation 5) which has previously been used for 
running trials.18,32,34 

Equation 5. 

PFJCA(mm2) = 0.0781x2 + 0.6763x + 151.75

Patellofemoral joint stress (PFJS) was calculated by 
dividing the patellofemoral joint reaction force by 
the patellofemoral joint contact area (Equation 6) 
with the PFJS in units of millipascals (MPa). 

Equation 6. 

PFJS(MPa)=
(N)

PFJCA(mm )
PFJRF

2

The primary dependent variables of interest were 
the ten-trial mean peak PFJS and the mean percent-
age of stance in which this peak occurred (time to 
peak). Secondary dependent variables were the peak 
knee flexion angle, peak knee extension moment, 
peak PFJRF, and the peak PFJCA. These secondary 
dependent variables were tested once it was deter-
mined that the orthotic had a statistically significant 
effect on the PFJS, allowing for the assessment of 
which factor(s) (PFJRF, PFJCA, or some combi-
nation of both) promoted the difference in PFJS. 
Paired t-tests were used to compare each of these 
variables between the Baseline and Orthotic trials. 
The alpha level for all tests was set at p <.05. Effect 
sizes were reported as Cohen’s d, which is the differ-
ence between the means of the conditions (Baseline, 
Orthotic) divided by the average of the standard 
deviations from both these conditions. All statistical 
tests were performed using SPSS (v22, SPSS, Inc.).
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RESULTS
The subjects’ mean (SD) age, mass, and height were 
23.7 (6.0) years, 61.65 (12.72) kg, and 1.65 (0.07) 
meters, respectively.

There was a significant increase in the peak PFJS 
and a significant delay in the timing of this peak 
(Figure 1 and Table 1). This peak increased by 5.8%, 
and the timing of this peak was delayed by 3.8% in 
the orthotic condition. The increase in stress was 
associated with an increase in the PFJRF, while 
the contact area was not different between condi-
tions (Figure 2 and Table 1). The contact area was a 
function of the knee angle, which was not different 
between conditions, and the joint reaction force was 
a function of the increased knee extension moment 
(Figure 3 and Table 1). 

DISCUSSION
The primary purpose of this study was to investi-
gate the effects of a prefabricated foot orthotic on 
the magnitude and the timing of the peak PFJS in a 
group of healthy female recreational athletes. The 
hypothesis for this study was that the peak PFJS 
would be significantly reduced and would occur 
later in the stance phase with the application of 
the foot orthotic. The results did not support the 
hypothesis in regards to the magnitude of the PFJS 
as the subjects in this study demonstrated a statisti-
cally significant increase in the orthotic condition. 
However, the results did support the hypothesis that 
there would be a statistically significant shift in the 
timing of the peak PFJS to later in the stance phase 
in the orthotic condition. It is possible that the clini-
cal benefit of a foot orthotic in patients with PFP is 
related to their effect on the timing of the PFJS.

The increase in the peak PFJS does not support the 
use of an orthotic in the treatment or prevention of 
PFP as subjects with PFP demonstrate greater peak 
PFJS in comparison to healthy control subjects dur-
ing fast walking11 and running.18 Also, this elevated 
PFJS is thought to be a main etiological factor in 
the development of PFP and reducing this stress is 
often a primary objective of interventions designed 
to treat PFP.41 As a result, it does not appear that the 
beneficial effects of a foot orthotic are due to their 
influence on the peak PFJS. Other studies have 
incorporated a similar modeling approach with run-
ning in a sample of female recreational athletes and 
reported peak PFJS values which are very similar to 
the results reported in this study.18,33,34 For example, 

Table 1. Dependent variable mean (SD) values and the results of the 
statistical analysis
     Baseline Orthotic p ES 

Peak PFJS (MPa)  10.40(2.44) 11.00(2.64) .024* 0.24 
Time to peak PFJS (%)  37.89(2.91) 39.33(3.25) .002* 0.47 

Peak PFJCA (mm2)   346.75(36.35) 350.85(38.57) .065 0.11 
Peak PFJRF (N/kg)  58.30(12.20) 62.67(13.74) .003* 0.34 

Peak knee angle (°)  -45.59(4.53) -46.14(4.72) .055 0.12 
Peak knee moment (Nm/kg)  2.66(0.37) 2.78(0.40) .037* 0.31 

ES= Effect size, PFJS= patellofemoral joint stress, PFJCA= patellofemoral joint contact 
area, PFJRF= patellofemoral joint reaction force 
* Indicates statistically significant difference (p<.05) 

Figure 1. Patellofemoral joint stress time series for both the 
baseline and orthotic conditions. 
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Kernozek et al34 recently reported a peak PFJS of 
9.81 MPa in a group of healthy female recreational 
athletes running at a similar speed (3.52 – 3.89 
m/s) to the subjects included in the current study 
when they implemented a similar PFJS modeling 
approach. The peak PFJS reported in this study is 
only slightly higher (within 6%) than the peak PFJS 
reported by Kernozek et al.34 Although the model 
used in the current study cannot be validated, it has 
been used extensively in relation to running injuries 
and the results are comparable to previous reports. 

The effects of the orthotic on the peak PFJRF and the 
PFJCA were analyzed in order to understand which 
variable had the greatest influence on the increase in 
PFJS. The orthotic did not significantly influence the 
PFJCA; in fact there was a trend towards increased 
contact area in the orthotic condition, which would 
effectively reduce the PFJS. However, it is important 

to note that this effect was not statistically significant. 
This was consistent with the finding that the orthotic 
had no effect on the peak knee flexion angle, as the 
PFJCA is a function of the knee flexion angle. Previ-
ous studies have also reported that a foot orthotic with 
a similar degree of wedging does not have a significant 
effect on the peak knee flexion angle.26,27 The subjects 
in this study did demonstrate a statistically significant 
increase in the PFJRF, which was consistent with the 
finding that the orthotic significantly increased the 
peak knee extension moment. Similar effects on the 
peak knee extension moment have also been previ-
ously reported with the application of an orthotic dur-
ing running trials.26 Since the increase in the sagittal 
plane moment and PFJRF occurred without a signifi-
cant effect on the knee flexion angle, it would seem 
the orthotic affected the orientation of the GRF. It is 
possible that the effect of the orthotic is less depen-
dent on the 5° of medial wedging and more depen-
dent on the heel lift it provides (approximately 1 cm). 

Figure 2. Patellofemoral joint contact area (top) and patello-
femoral joint reaction force (bottom) time series for both the 
baseline and orthotic conditions.

Figure 3. Knee angle (top) and moment (bottom) time series 
for both the baseline and orthotic conditions.
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This small degree of elevation of the heel may result 
in the change in the orientation of the GRF which 
results in the increase in the knee extension moment. 
While this idea is novel, it needs further analysis.

The orthotic did influence the timing of the peak 
PFJS as this peak occurred later in the stance phase 
in the orthotic condition. While the magnitude of this 
effect was not overtly large (ES = 0.47), it was fairly 
consistent as 12 of the 18 subjects demonstrated a 
shift towards later in the stance phase, while only one 
subject demonstrated a shift towards earlier in stance 
with the application of the orthotic. To the authors’ 
knowledge, this is the only study which has reported 
the effect of a foot orthotic on the timing of the peak 
PFJS. While it cannot be determined whether or not 
this effect on the timing of the PFJS is the reason 
why patients with PFP benefit from a foot orthotic, 
it is possible as the rate of loading is thought to be an 
important variable to consider in regards to running-
related injuries such as PFP.23,35,36 However, since the 
delay in the timing of the peak PFJS occurred in com-
bination with an increase in the peak PFJS it would 
seem that the effect of these two factors would off-set 
each other in regards to the rate of loading to the tis-
sue, making this an unlikely mechanism of action.  

It is important to note that the results of this study 
do not imply that the mechanics of the hip and the 
knee in the frontal and transverse planes do not play 
a prominent role in the etiology of PFP. They sim-
ply highlight the fact that since it is unclear how the 
effects of a foot orthotic in the frontal and transverse 
planes relate to clinical improvements in subjects 
with PFP22,23,28 it is possible that there may be a sag-
ittal plane component to an orthotics’ mechanism of 
action. Three-dimensional kinematic and kinetic data 
are typically not available within a physical therapy 
clinic due the cost, space requirements, and techni-
cal expertise required to operate the motion capture 
equipment. However, there are two-dimensional mea-
sures that have been developed for clinical use during 
dynamic activities42-44 which attempt to analyze a sub-
ject’s mechanics in frontal and transverse planes of 
motion. These measures may be used in clinical prac-
tice in order to make intervention choices. For exam-
ple, Wouters et al45 used a two-dimensional measure 
related to the medial position of the knee (the fron-
tal plane projection angle) to identify female subjects 

who may specifically benefit from a lower extrem-
ity neuromuscular training program. From a clinical 
perspective, the results of the current study suggest 
that even if mechanics in the frontal and transverse 
planes appear to be within normal limits when com-
paring between limbs or to some reference data, it 
does not mean that the patient would not benefit from 
an orthotic intervention, as their mechanism may be 
related to their effects in the sagittal plane. This is an 
important point to consider, as foot orthotics are often 
prescribed based on the theory that they correct some 
type of lower extremity biomechanical dysfunction, 
often in the frontal and transverse planes.12,13 In order 
to determine the mechanism which may promote 
clinical improvement in patients with PFP, future 
research may benefit from analyzing the effects of an 
orthotic in those who have had a positive response to 
an orthotic intervention. The results of the current 
study indicate that future studies of this nature should 
not focus exclusively on the frontal and transverse 
planes as an orthotic also has a significant effect on 
the magnitude and the timing of the joint loading in 
the sagittal plane of the knee.

Although the results of this study provide new insight 
into the mechanical effects of a foot orthotic, it is impor-
tant to highlight some key limitations. One major limi-
tation is the relatively simplistic modeling approach 
utilized. The main limitation of this model is that it 
only incorporates joint angles and moments from the 
sagittal plane. As previously mentioned, the mechan-
ics in the frontal and transverse planes can also have 
a prominent effect on the contact area between the 
patella and the femur8-10 and subjects with PFP have 
been reported to demonstrate mechanics in both of 
these planes which differ from those without PFP.15,18 
Another limitation associated with the modeling 
approach is the inverse dynamics based methodology 
used to estimate the quadriceps muscle forces. Kerno-
zek et al34 recently reported that this approach may 
significantly underestimate the quadriceps muscle 
force estimates in comparison to more sophisticated 
modeling approaches which can account for co-con-
traction of the muscles which surround the knee joint. 
This is a valid point which means that the absolute 
values provided in this report may actually underesti-
mate PFJS. However, since the same model has been 
employed previously and the model was consistent 
between the conditions, the patterns reflected in the 
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and local factors, 2nd International Research Retreat. 
J Orthop Sports Phys Ther. 2012;42(6):A1-54.

 6. Boling MC, Padua DA, Marshall SW, Guskiewicz K, 
Pyne S, Beutler A. A prospective investigation of 
biomechanical risk factors for patellofemoral pain 
syndrome: the Joint Undertaking to Monitor and 
Prevent ACL Injury (JUMP-ACL) cohort. Am J Sports 
Med. 2009;37(11):2108-2116.

 7. Farrokhi S, Keyak JH, Powers CM. Individuals with 
patellofemoral pain exhibit greater patellofemoral 
joint stress: a finite element analysis study. 
Osteoarthr Cart. 2011;19(3):287-294.

 8. Lee TQ, Anzel SH, Bennett KA, Pang D, Kim WC. 
The influence of fixed rotational deformities of the 
femur on the patellofemoral contact pressures in 
human cadaver knees. Clin Orthop Relat Res. 
1994(302):69-74.

 9. Lee TQ, Morris G, Csintalan RP. The influence of 
tibial and femoral rotation on patellofemoral contact 
area and pressure. J Orthop Sports Phys Ther. 
2003;33(11):686-693.

10. Lee TQ, Yang BY, Sandusky MD, McMahon PJ. The 
effects of tibial rotation on the patellofemoral joint: 
assessment of the changes in in situ strain in the 
peripatellar retinaculum and the patellofemoral 
contact pressures and areas. J Rehabil Res Dev. 
2001;38(5):463-469.

11. Heino Brechter J, Powers CM. Patellofemoral stress 
during walking in persons with and without 
patellofemoral pain. Med Sci Sports Exerc. 
2002;34(10):1582-1593.

12. Powers CM. The influence of altered lower-extremity 
kinematics on patellofemoral joint dysfunction: a 
theoretical perspective. J Orthop Sports Phys Ther. 
2003;33(11):639-646.

13. Tiberio D. The effect of excessive subtalar joint 
pronation on patellofemoral mechanics: a theoretical 
model. J Orthop Sports Phys Ther. 1987;9(4):160-165.

14. Dierks TA, Manal KT, Hamill J, Davis IS. Proximal 
and distal influences on hip and knee kinematics in 
runners with patellofemoral pain during a prolonged 
run. J Orthop Sports Phys Ther. 2008;38(8):448-456.

15. Willson JD, Davis IS. Lower extremity mechanics of 
females with and without patellofemoral pain across 
activities with progressively greater task demands. 
Clin Biomech. 2008;23(2):203-211.

16. Souza RB, Powers CM. Predictors of hip internal 
rotation during running: an evaluation of hip 
strength and femoral structure in women with and 
without patellofemoral pain. Am J Sports Med. 
2009;37(3):579-587.

17. Noehren B, Pohl MB, Sanchez Z, Cunningham T, 
Lattermann C. Proximal and distal kinematics in 

data should still be valid. Another limitation of this 
study is related to the subject group. Although healthy 
subjects served as a model, it cannot be determined 
whether or not similar effects would be observed in a 
group with PFP. This may be considered a preliminary 
analysis into another possible mechanism of action of 
an orthotic. It is also important to point out that the 
results of this study only reflect the immediate effects 
of the orthotic as all data were collected during a sin-
gle session. There may be long-term adaptations that 
occur with the application of an orthotic. However, 
this has not been shown in a previous study which 
investigated a six-week orthotic intervention.27

CONCLUSION 
In conclusion, a prefabricated foot orthotic had a sig-
nificant effect on the magnitude and the timing of the 
PFJS in a group of female recreational athletes. While 
the orthotic resulted in an increase in the peak PFJS, 
which does not support their use in runners with PFP, 
it also shifted the timing of this peak to later in the 
stance phase. This delay in the timing of this peak may 
be associated with the beneficial effects previously 
reported with the application of a foot orthotic in a 
group with PFP, although this suggestion requires fur-
ther analysis. Clinicians involved in the management 
of PFP should understand that an orthotics’ effects are 
not limited to the frontal and transverse planes and 
that the dynamics of the knee joint in the sagittal plane 
are also affected. As a result, patients may benefit from 
an orthotic intervention even if they do not demon-
strate mechanics in the frontal and transverse planes 
which are thought to be associated with PFP.
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ABSTRACT
Background: An inadequate level of flexibility of the adductor muscles is one of the most critical risk fac-
tors for chronic groin pain and strains. However, measurement methods of adductor muscle flexibility are 
not well defined.

Purpose: To determine the inter-session reliability of the biarticular and monoarticular adductor muscle 
flexibility measures obtained from passive hip abduction with the knee flexed over the edge of the plinth 
test (PHA) and the passive hip abduction test at 90º of hip flexion (PHA90º). 

Study design: Clinical Measurement Reliability study.

Methods: Fifty healthy recreational athletes participated in this study. All participants performed the PHA 
and PHA90º on four different occasions, with a two-week interval between testing sessions. Reliability was 
examined through the change in the mean between consecutive pairs of testing sessions (ChM), standard 
error of measurement expressed in absolute values (SEM) and as a percentage of the mean score (%SEM), 
minimal detectable change at 95% confidence interval (MDC95), and intraclass correlation coefficients 
(ICC2,k). 

Results: The findings showed negligible or trivial ChM values for the two adductor flexibility measures 
analyzed (<2º). Furthermore, the SEM and MDC95 were 2.1º and 5.9º and 2.2º and 6.2º for the measures 
obtained from the PHA and PHA90º, respectively, with %SEM scores lower than 5% and ICC scores higher 
than 0.90. 

Conclusion: The findings from this study suggest that the adductor muscle flexibility measures analyzed 
have good to excellent inter-session reliability in recreational athletes. Thus, clinicians can be 95% confi-
dent that an observed change between two measures larger than 5.9º and 6.2º for the flexibility measures 
obtained from the PHA and PHA90º, respectively, would indicate a real change in muscle flexibility.

Level of evidence: 2

Keywords: Groin injury, muscle strain, physical therapy, range of motion, reproducibility 
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INTRODUCTION
Clinicians and sports medicine practitioners rou-
tinely assess and monitor the flexibility of the pri-
mary muscles involved in the hip joint abduction 
movement (biarticular muscles: gracilis; monoar-
ticular muscles: adductor brevis, adductor longus, 
adductor magnus, pectineus and obturador exter-
nus) because it has been postulated that an inade-
quate level of flexibility is one of the most important 
risk factors for chronic groin pain and adductor mus-
cle strains, particularly in athletes.1,2 Specifically, it 
has been suggested that having insufficient flexibil-
ity of the hip adductor muscles (mainly the biarticu-
lar muscles) might result in greater stress across the 
superior pubic ramus and pubic symphysis during 
powerful weight-bearing sporting actions, increasing 
the likelihood of sustaining a chronic groin injury.2 
It has also been suggested that participants in sports 
involving high numbers of repetitive, high intensity 
bouncing, sprinting, or sudden turning and jump-
ing movements (e.g., soccer, ice hockey, rugby) who 
have insufficient flexibility in the hip adductor mus-
cles (both biarticular and monoarticular muscles) 
are more prone to suffer a muscle strain3 because 
the demands in energy absorption generated dur-
ing the above-mention tasks may rapidly exceed the 
capacity of the adductor muscles.4

The passive hip abduction with knee flexed over the 
edge of the plinth test (PHA; Figure 1) and the pas-
sive hip abduction test at 90º of hip flexion (PHA90º; 
Figure 2) are the measurement methods described 
in the most prominent sports medicine textbooks5-7 
to assess the flexibility of the biarticular and monoar-
ticular hip adductor muscles, respectively. However, 
before these two measurement methods can be used 
to identify athletes at an increased risk of injury and 
establish progress from training and/or rehabilita-
tion programs, the validity and reliability of their 
outcomes must be determined.8 Although the PHA 
and PHA90º are indirect measures of the biarticular 
and monoarticular adductor muscle flexibility, these 
two tests have been considered appropriate by the 
most important American medical organizations.9,10

Regarding the reliability of these tests, only three stud-
ies (to the authors’ knowledge) have addressed the 
examination of the inter-session reliability (defined 
as the day-to-day variability in  measurements) of the 

measure obtained from the PHA, showing moderate 
to high scores.11-13 However, two of the three above-
mentioned studies11,13 analyzed the inter-session reli-
ability of the measure obtained from the PHA using 
video captures and computer-based 3D analysis. 
This measurement instrument (3D video analysis) 

Figure 1. Passive hip abduction with knee fl exed over the 
edge of the plinth test.

Starting Position (Figure 1a):  
The subject lies supine on the plinth with the contralateral leg hangs 
off the side of the plinth and the tested leg extended and placed on the 
plinth as shown (1).  
Goniometer placement process:
The tester places one goniometer arm joining both anterior-superior 
iliac spines and the other arm is placed over the anterior face of the 
tested limb following its bisector line, as shown (2). 
Testing movement (Figure 1b):
The assistant tester performs a slow and progressively hip abduction 
movement with knee extended (neutral position “0”), as shown (3). 
Stabilization:
The assistant tester must avoid rotation of the lower limb. The con-
tralateral extremity (non-tested) is fi xed to the plinth by fl exion of the 
knee to approximately 90º as shown (4).  
Measurement:
The tester reads and records the abduction measurement angle 
formed by the two goniometer arms, in this case 16º as shown (5). 
Notes: There are some compensatory movements that must be taken 
into account: Lateral inclination of the contralateral pelvis, the exten-
sion of the contralateral knee, and/or the rotation of the tested limb.
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increases the time required to conduct the test and, 
hence, reduces the external validity of the measure 
because is not possible to assess a patient or athlete 
in mere seconds or minutes. In addition, the video 
analysis software might slightly deform the electronic 
images, prejudicing, and consequently, increasing the 
difficulty of identifying anatomic landmarks. Only 
one study10 used a standard goniometer to determine 
the inter-session reliability of the measure obtained 
from the PHA. The use of a goniometer as the key 
instrument of measure may allow practitioners to 
assess hip adductor muscle flexibility with just one 

trial and produce results directly in degrees, reducing 
both the time demands of the test and its difficulty.14 
Surprisingly, no studies have examined the reliability 
of the PHA90º. The determination of the inter-session 
reliability of the measures obtained from the PHA 
and PHA90º is important for clinicians, coaches, phy-
sicians and scientists, as if determined reliable, they 
can be used to estimate the magnitude of individual 
differences in the response to treatment and moni-
tor the performance or health of their patients and 
athletes.15 Therefore, the purpose of this study was to 
estimate the inter-session reliability of the biarticular 
and monoarticular adductor muscle flexibility mea-
sures obtained from PHA and PHA90º tests in recre-
ational athletes. 

METHODS
A convenience sample of 25 male (age: 22.2 ± 2.5 
years; stature: 175.8 ± 5.6 cm; body mass: 74.1 ± 
6.1 kg) and 25 female (age: 20.9 ± 0.9 years; statute: 
166.5 ± 7.2 cm; body mass: 61.8 ± 7.7 kg) university 
students who were recreationally active (engaging 
in 1.5 h of moderate physical activity 3–4 days per 
week) completed this study. Although all participants 
reported engaging in recreational sports (i.e., football, 
basketball, running), none were involved in a system-
atic and specific strength and flexibility training pro-
gram. Participants were instructed to maintain their 
regular training regimens throughout the experimen-
tal period and not to take part in any vigorous physi-
cal activity 48 h preceding each testing day.

The exclusion criteria were: (1) episodes of groin 
and/or adductor injury over the previous six months, 
(2) missing a testing session, and (3) the presence 
of self-reported delayed onset muscle soreness at 
any testing session. The participants were verbally 
informed about the study’s procedures before test-
ing, and they provided written informed consent. 
The study was approved by the University Office for 
Research Ethics (DPS.FAR.01.2014), and conformed 
to the Declaration of Helsinki.

The test-retest reliability of the biarticular and mono-
articular hip adductor muscle measures obtained 
from the PHA and PHA90º, respectively, was ana-
lyzed using a repeated measures design. Thus, each 
participant underwent the testing procedure twice 
on four different occasions with a two-week interval 

Figure 2. Passive hip abduction test at 90º of hip fl exion.

Starting Position (Figure 2a): 
The subject lying supine on the plinth. The tested hip placed in 90º of 
fl exion with the knee fl exed in a confortable position as shown (1).  
Inclinometer calibration process: 
The inclinometer must be placed in the vertical plane (0 degrees), as 
shown (2).  
Testing movement Figure 2b): 
The tester performs a slow and progressive hip abduction movement 
with the knee fl exed and hip remaining at 90º as shown (3).
Stabilization: 
The assistant tester presses on the anterior surface of the contralateral 
hemipelvis to avoid its rotation. Further, he must hold the external 
surface of the contralateral limb fi rmly on the plinth as shown (4).
Measurement:
The inclinometer´s telescopic arm must be placed over the anterior 
surface of the tested limb following its parallel imaginary bisector 
line. Then, the tester reads and records the angle formed by the lon-
gitudinal axis of the anterior surface of the limb from the vertical 
plane as shown (5), in this case 33º. 
Notes: Because the hip is fl exed, the ischiofemoral, pubofemoral and 
the iliofemoral ligaments are slackened. Thus, any limitation in the 
hip abduction movement is mainly attributed to the monoarticular 
adductor muscles and not the ligaments. If the subject tested has very 
good muscle-tendon fl exibility, then abduction movement could be 
limited by bony contact  of the femoral neck with the acetabular rim.
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between testing sessions. The rationale for using 50 
participants and four testing sessions to determine 
the reliability in our study (instead of the two testing 
sessions that have been typically used in previous 
reliability studies) was based on the simulations run 
by Hopkins,8 who stated that, in order to achieve an 
accurate reliability assessment, a minimum of three 
testing sessions and 50 participants were needed. 

Two physical therapists with greater than 10 years’ 
experience (one conducted the tests and the other 
ensured the maintenance of proper testing posi-
tion of the participants throughout the assessment 
maneuver) conducted each of the four testing ses-
sions at the same time of the day under the same 
environmental conditions. The physical therapists 
were blinded to the purpose of the study and test 
results from previous testing sessions.

A pre-test warm-up routine was not performed in an 
attempt to reflect real sports and clinic conditions. 
Participants were instructed to perform two maxi-
mal trials of the PHA and PHA90º for each limb in a 
randomized order, and the mean score for each test 
was used in the subsequent analysis. The mean of 
the two trials of the PHA and PHA90º performed at 
each testing session was used for subsequent statis-
tical analyses instead of the highest score because 
the magnitude of the error component decreased 
when the scores were averaged.16 Patients who did 
not tolerate the sensation of stretching or with low 
experience with it might set the endpoint of a trial 
of the test before achieving his/her peak hip abduc-
tion range of motion peak score due to a feeling of 
apprehension. To avoid the possible influence of 
this source of error on the stability of the measure, 
when a variation >5% was found in the range of 
motion values between the two trials, an extra trial 
was performed, and the two most closely related tri-
als were used for the subsequent statistical analyses. 
Participants were examined wearing sports clothes 
and without shoes. The participants were allowed to 
rest for 30 s between trials, limbs, and tests.

An ISOMED inclinometer (Portland, Oregon) with a 
telescopic arm was used as the key measure for the 
PHE90º test, while a flexible adjustable long arm goni-
ometer was employed for the PHA test. The inclinom-
eter was consistently leveled to a vertical reference 

before each measurement. A low-back protection 
support (Lumbosant, Murcia, Spain) placed beneath 
the low back of each participant was used to stan-
dardize the lordotic curve (15º) during the both tests. 
Variations in pelvic position and stability may affect 
the final score of several measurements of hip move-
ment range of motion.17 Thus, to accurately measure 
hip joint range of motion, the assessment procedure 
in this study provided reproducible stabilization of 
the pelvis using an assistant clinician during all tests.

The endpoint for each test was determined by one 
or more of these three criteria: (a) the examiner’s 
perception of firm resistance, (b) the palpable onset 
of pelvic rotation, and (c) the participant feeling a 
strong but tolerable stretch, slightly before the occur-
rence of pain.

For a better understanding of the assessment meth-
ods (i.e., instrumental, clinician positioning, final 
point), additional descriptions of the PHA and PHA90º 

tests are displayed in Figures 1 and 2, respectively.

Prior to the statistical analysis, the distributions of 
raw data sets were checked using the Kolmogorov-
Smirnov test, which demonstrated that all data had a 
normal distribution (p > 0.05). Men and women were 
not analyzed separately based on the fact that previ-
ous studies have reported that, in both sexes, the base-
line joint ROM responds in the same way whether 
or not specific and systematic flexibility training is 
performed.18,19 Descriptive statistics were calculated 
for the hip adductor muscle flexibility measurements. 
Paired t-tests were used to test for differences between 
the scores of the dominant and non-dominant limbs.

The test-retest reliability of the hip adductor muscle 
flexibility measures was determined through the 
change in the mean (ChM), standard error of mea-
surement (SEM), the minimal detectable change at a 
95% confidence interval (MDC95) and intraclass cor-
relations (ICC2k).

20 The test-retest reliability for the 
hip adductor muscle flexibility measures was calcu-
lated separately for the consecutive pairs of trials 
(2-1, 3-2, 4-3) to be consistent with the interval time 
between testing sessions (two weeks).8

The ChM was estimated using a spreadsheet 
designed by Hopkins21 via the unequal-variances 
t-statistic computed for changes in scores between 
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paired  sessions. To make inferences about the true 
value of the effect, the uncertainty in the effect 
was expressed as 90% confidence intervals and as 
likelihoods that the true value of the effect repre-
sented substantial change (negative or positive).22 
The probability that the true value of the effect 
was positive or negative was inferred as follows: 
<0.5%, most unlikely; 1–5%, very unlikely; 6–25%, 
unlikely; 26–75%, possibly; 76–95%, likely; 96-99%, 
very likely; >99%, most likely.19 The SEM was cal-
culated using the raw data via the following formula: 
√MSE, where MSE is the error mean square from the 
repeated measures analysis of variance. The MDC95 
was calculated as SEM x √2 x 1.96. The ICC2.k were 
calculated using the following formula:

where MSS is the subject’s mean square, MSE is the 
error mean square, MST is the trials mean square, 
n is the sample size and k is the number of trials. 
Magnitudes of correlations were assessed using the 
following scale of thresholds: <0.80 low, 0.80–0.90 
moderate, and >0.90 high.8

RESULTS
Descriptive statistics (mean ± standard deviation 
for testing session 1) for each variable are displayed 
in Table 1. The paired t-test analysis reported no 
significant differences between the dominant and 
non-dominant legs for both the biarticular (PHA: 
mean difference less than 0.7º; p > 0.05; degrees of 
freedom 49; t-statistic ranged from -1.01 to 0.01) and 
monoarticular (PHA90º: mean difference less than 
1.3º; p > 0.05; degrees of freedom, 49; t-statistic 

ranged from -0.9 to 1.6) hip adductor muscle flex-
ibility measures analyzed in each testing session; 
therefore, the average of the two legs was used for 
subsequent reliability analyses.

Reliability statistics (ChM, SEM, %SEM, MDC95 and 
ICC) for the PHA and PHA90º values are also pre-
sented in Table 1 separately for the three consecu-
tive pairs of testing sessions. The reliability scores 
obtained for each of the consecutive paired testing 
sessions (2-1, 3-2 and 4-3) were almost identical, and 
the mean of the two paired testing sessions for each 
flexibility measure might be used as a reliability cri-
terion of reference.8 

The ChMs between consecutive pairs of testing ses-
sions (2-1, 3-2, 4-3) were “most likely trivial” (p > 
0.05; trivial effect with a probability of >95%, mean 
difference ranged from -0.6 to 1.8º) for both biarticu-
lar and monoarticular hip adductor muscle flexibility 
measures. The SEM and MDC95 for both biarticular 
and monoarticular flexibility measures ranged from 
1.5º to 2.9º and from 4.2º to 8.1º, respectively, with 
%SEM scores lower than 5% and ICC scores higher 
than 0.91.

DISCUSSION
The purpose of this study was to determine the 
inter-session reliability of the biarticular and mono-
articular adductor muscle flexibility measures 
obtained from PHA and PHA90º tests in recreational 
athletes. In this regard, the results of the current 
study showed that the biarticular and monoarticular 
adductor muscle flexibility measures analyzed had 
excellent inter-session reliability scores.

The ChM between consecutive testing sessions was 
negligible or trivial for both the biarticular (ranged 

Table 1. Descriptive values (mean ± standard deviation [SD] for testing session 1) for PHA and PHA90º measure-
ments and test-retest reliability statistics: change in the mean between consecutive testing sessions (ChM), standard 
error of measurement (SEM), minimal detectable change at 95% confi dence interval (MDC95) and intraclass 
 correlation coeffi cients (ICC2,K).

Testing Session 2 - Testing Session 1 Testing Session 3 - Testing Session 2 Testing Session 4 - Testing Session 3

Test

Testing Session 1 

Mean ± SD (º) ChM SEM %SEM MDC95 ICC ChM SEM %SEM MDC95 ICC ChM SEM %SEM MDC95 ICC

PHA 52.5 -0.6 2.9 5.5 8.1 0.92 0.4 1.5 2.9 4.2 0.97 -1.2 1.9 3.7 5.4 0.99 

PHA90º 64.4 1.8 2.7 4.2 7.6 0.99 -0.2 2.2 3.5 6.0 0.99 -0.4 1.8 2.9 5.1 0.99 

PHA: passive hip abduction with knee flexed over the edge of the plinth test; PHA90º: passive hip abduction test at 90º of hip flexion; º: degrees. 
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from -1.2º to 0.4º) and the monoarticular (ranged 
from -0.4º to 2.2º) adductor muscle flexibility mea-
sures. Similar ChM scores were reported by Cejudo 
et al.12 and Fourcher et al.13 for the biarticular adduc-
tor flexibility measure obtained from the PHA test 
in adolescent athletes, futsal and handball players. 
Thus, the findings of the current study, in con-
junction with findings from previously conducted 
research, may support the idea that both testing 
procedures are simple to administer and the instruc-
tions are easy to follow for the patients/athletes 
because no systematic error associated with learn-
ing effects or insufficient recovery time was found. 
In addition, this finding also indicates that, in the 
absence of a systematic flexibility training program, 
the hip adductor muscle flexibility tendency over 
time may be considered stable and linear in unin-
jured athletes. 

Another aspect of reliability that was assessed was 
the precision of measurements, which was deter-
mined using the SEM.20 Admittedly, the clinical 
decision regarding the cut-off precision values of a 
measure is challenging, especially since there are 
no clear guidelines for reference value establish-
ment, and there is the potential need to evaluate 
multiple factors (training status, sex, age) to reach 
a knowledgeable decision. However, it appears to 
be accepted that variability of a measure lower than 
10% could be considered appropriate for clinical 
and research purposes.16,23 Based on this criterion, 
the biarticular and monoarticular adductor muscle 
flexibility measures analyzed in this study showed 
very good precision, since their percentage of vari-
ability (%SEM) ranged from 2.9 to 5.5% and from 2.9 
to 4.2% for PHA and PHA90º, respectively. 

In terms of practical applications, it has been sug-
gested that the MDC95 can be used to indicate the 
limit for the smallest change that indicates a real 
improvement in a single person.20 Therefore, clini-
cians can be 95% confident that an observed change 
between two measures larger than 5.9º and 6.2º for 
the flexibility measures obtained from the PHA and 
PHA90º, respectively, would likely indicate a real 
change in hip adductor muscle flexibility. 

The need of placing the tested hip and knee in 
approximately 90º of flexion during the hip  abduction 

movement for the PHA90º test may have been a priori 
considered a source of error, as it makes the testing 
procedure more difficult than the PHA. However, 
the precision of measure scores in the current study 
were very good and similar to those found for the 
PHA. Perhaps the use of an inclinometer instead of 
a goniometer may have contributed to the good reli-
ability scores reported for the PHA90º. In this sense, 
the elongation of the inclinometer´ telescopic arm  
makes it become a goniometer with only one arm, 
with the advantage of having a gravity level that pro-
vides an accurate measure. In addition, the inclinom-
eter allows the physical therapist who conducts the 
tests to easily identify the same initial position (the 
parallel imaginary bisector line of the tested limb) 
during successive trials without estimating the joint 
movement center.24

Lower precision in measurement results has been 
reported by Fourcher et al.11 for the PHA. Specifically, 
Fourcher et al.13 reported precision of measurement 
expressed through a coefficient of variation (its mag-
nitude is similar to %SEM) of approximately 7.2%.

One possible reason Fourcher et al.13 showed lower 
measurement precision scores for the PHA may 
be attributed to the different testing procedure and 
instrument of measurement used. In contrast with 
our study and also with previous ones,11,12 Fourcher 
et al.13 did not use a low-back protection support to 
fix the pelvis in an attempt to minimize any move-
ment that may bias the final score. In addition, 
Fourcher et al.13 used digital motion analysis soft-
ware to obtain the peak hip abduction angle measure 
instead of a goniometer. The video analysis software 
might have slightly deformed the electronic images, 
prejudicing the identification of anatomic landmark 
procedures and, consequently, reducing the preci-
sion of the measure. A comparison of the precision 
of the results for the PHA90º obtained in the current 
research with other studies is not possible; because 
to the authors’ knowledge, this study is the first that 
has addressed this issue.

Finally, the results of the current study reported high 
relative reliability scores for the PHA (ICC > 0.90). 
Similar ICC scores have been reported by Cejudo et 
al.12 and, slightly lower scores by Fourcher et al.13 
(ICC scores of 0.93 and 0.85, respectively).
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While the results of this study have provided infor-
mation regarding the intra-tester reliability of these 
common musculoskeletal screening tests, limitations 
to the study must be acknowledged. The age distri-
bution of participants was relatively narrow, and the 
generalizability to the broader population could not 
be ascertained. Similarly, whether the tests would 
be as reliable in a population of injured participants 
must be considered, although pre-season screening 
is generally performed in healthy, uninjured popula-
tions. Finally, the use of two clinicians to carry out 
the tests appears to limits the practical application of 
these measurement methods in the sports and clinic 
contexts, especially for the PHA90º. As these measure-
ment methods are simple to administer, the role of the 
assistant clinician (who provides suitable stabilization 
of the pelvis during all the tests) could be carried out 
by any postgraduate student or athletic trainer who 
performed one or two 10-minute training sessions 
(statement based on the authors’ experience).

CONCLUSION
The findings from this study suggest that the adduc-
tor muscle flexibility measures analyzed have good 
inter-session reliability in healthy recreational ath-
letes. Thus, clinicians can be 95% confident that an 
observed change between two measures larger than 
5.9º and 6.2º for the flexibility measures obtained 
from the PHA and PHA90º, respectively, would likely 
indicate a real change in muscle flexibility.
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ABSTRACT
Background: Kinesiology tape has been advocated as a means of improving muscle flexibility, a potential modifiable 
risk factor for injury, over time. The epidemiology and etiology of hamstring injuries in sport have been well 
documented. 

Purpose: To compare the temporal pattern of efficacy of kinesiology tape and traditional stretching techniques on 
hamstring extensibility over a five day period. 

Study Design: Controlled laboratory study. 

Methods: Thirty recreationally active male participants (Mean ± SD: age 20.0 ± 1.55 years; height 179.3 ± 4.94 cm; 
mass 76.9 ± 7.57 kg) completed an active knee extension assessment (of the dominant leg) as a measure of hamstring 
extensibility. Three experimental interventions were applied in randomized order: Kinesiology tape (KT), static 
stretch (SS), proprioceptive neuromuscular facilitation (PNF). Measures were taken at baseline, +1min, +30mins, 
+3days and +5days days after each intervention. The temporal pattern of change in active knee extension was mod-
elled as a range of regression polynomials for each intervention, quantified as the regression coefficient. 

Results: Hamstring ROM with KT application at +3days was significantly greater than baseline (129.18 ± 15.46%, p 
= 0.01), SS (106.99 ± 9.84%, p = 0.03) and PNF (107.42 ± 136.13%, p = 0.03) interventions. The temporal pattern of 
changes in ROM for SS and PNF were best modelled by a negative linear function, although the strength of the correla-
tion was weak in each case. In contrast, the KT data was optimised using a quadratic polynomial function (r2 = 0.60), 
which yielded an optimum time of 2.76 days, eliciting a predicted ROM of 129.6% relative to baseline. 

Conclusion: Each intervention displayed a unique temporal pattern of changes in active knee extension. SS was best 
suited to immediate improvements, and PNF to +30 minutes in hamstring extensibility, whereas kinesiology tape 
offered advantages over a longer duration, peaking at 2.76 days. These findings have implications for the choice of 
intervention, timing and duration to assist clinicians in both a sporting and clinical context. 

Level of evidence: 2c

Keywords: Flexibility, hamstring, kinesiology tape, stretching
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INTRODUCTION
Recent investigations have examined the temporal 
efficacy of kinesiology taping (KT), finding that KT 
offered greater tissue response than PNF and static 
stretching over an acute time frame (30 minutes), 
peaking at 24.2 minutes.1 These findings may assist 
clinicians in determining the optimum application 
time for kinesiology tape to implement a positive tis-
sue response prior to performance. Changes in tis-
sue extensibility might be due to cutaneous receptor 
response, tissue deformation, and/or activation of 
the adhesive properties of the tape. Although man-
ufacturers indicate KT can be worn for a three to 
five day period in order to have the optimum tis-
sue response, there is currently minimal supporting 
empirical evidence.2,3 Several authors have consid-
ered the response to KT application (for up to 7 
days) in pain, range of movement (ROM) and func-
tion in those with musculoskeletal pathologies with 
varying outcomes.4-9

The complex physiological mechanisms underpin-
ning the benefits of KT continue to be debated with 
both mechanical and sensory theories discussed.10 
Suggested mechanical benefits include enhanced 
muscle extensibility, neuromuscular reflex stimula-
tion (autogenic or reciprocal inhibition), stress-strain 
relaxation, and tissue and plastic deformation.5,10-13 
However sensory tolerance and pain gate control 
theory may also influence the extensibility of the 
tissue.10,14

Muscle extensibility is one of many physical compo-
nents that potentially influences injury, resulting in 
variations in muscle flexibility intervention strate-
gies.15-17 However direct comparison of interventions 
between studies is limited with methodological dis-
crepancies in application, procedures, anatomical 
regions, recruitment criteria and sample size appar-
ent.13,18-21 Restricted hamstring flexibility is discussed 
as a potential precursor to injury, as a “modifiable” 
intrinsic risk factor, particularly in maximal speed 
activities due to the eccentric overload of the tis-
sue.16,22-26 Previously, static stretching (SS) was the 
common approach used to address flexibility in tra-
ditional musculoskeletal protocols,15,16,27,28 however 
evidence that demonstrates potential detrimen-
tal effects on strength and power associated with 
SS has resulted in a greater shift towards dynamic 

 stretching and proprioceptive neuromuscular facili-
tation (PNF). 29-33

The temporal efficacy of kinesiology taping on 
muscle extensibility over a three to five day period 
has been afforded little consideration, despite the 
common clinical suggestion for use over this time 
frame. Furthermore, the implications for sport-
ing performance and musculoskeletal pathologies 
remain under researched. Immediate change in 
muscle extensibility post-intervention using KT is 
likely to be through neuromuscular reflex stimula-
tion, stress-strain relaxation or stretch tolerance. 17 
Thus static stretching and PNF would have an acute 
effect on hamstring extensibility, with PNF expected 
to show greater initial gains during and post stretch 
due to the potential for the contraction to impart an 
influence on the neuromuscular reflex response.38 
However, over a prolonged period it could be hypoth-
esised that KT could show an effect as the proper-
ties of the tape are activated over time, influencing 
cutaneous mechanoreceptor stimulation. Since KT 
application for muscle stretch is from the origin to 
insertion while in the lengthened position it could 
be hypothesised that through prolonged stress-strain 
relaxation and viscoelastic deformation, applying a 
constant force over a period of time will assist tis-
sue extensibility over a five-day period. To be able to 
reduce a potential risk factor for injury, the efficacy 
of any technique for hamstring extensibility must 
be studied over longer periods of time in order to 
determine whether the extensibility is maintained 
through training and performance. The aim of the 
present study was to compare the immediate, 30 min-
ute, three- and five-day post-intervention efficacy of 
KT to traditional stretching techniques on hamstring 
extensibility. This may assist practitioners in their 
choice of intervention to maintain muscle extensi-
bility over a key time period. It was hypothesized 
that the temporal pattern of changes in hamstring 
extensibility will be unique to each intervention, 
given their discrete mechanistic influence. 

METHODS
An a priori power analysis was performed for sam-
ple size estimation based on data and effect size was 
derived from a previous study.1 Using an alpha = 
0.05 and power = 0.80, the projected sample size 
was nine for each experimental group. Given the 
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potential for attrition over a five-day testing period, 
a total of 30 male participants completed the study. 
Inclusion criteria required each participant to be 
male, over 18 years, participating in recreational 
sport four times a week, and asymptomatic from 
injury and with no history of previous hamstring 
injury. Exclusion criteria included history of lum-
bar or neurological symptoms, history of muscu-
loskeletal disorders or injuries within the prior 12 
months, medical conditions that may alter muscle 
flexibility and skin allergies or conditions. All par-
ticipants were further screened and excluded if their 
straight leg raise was <70 degrees, potentially indic-
ative of joint or tissue restriction or pathology. The 
30 participants were randomly and evenly selected 
into three groups by intervention. Detailed informa-
tion regarding the nature and purpose of the study 
was provided, and all participants provided written 
informed consent in accordance with the depart-
mental and university ethical procedures and fol-
lowing the principles outlined in the Declaration of 
Helsinki. Ethical approval for the study was granted 
by the departmental research ethics committee.

Data Collection & Analysis 
Consistent with a recent study,1 all participants com-
pleted a standardized five-minute warm up on the 
cycle ergometer.29 Five centimetre (cm) seat belts 
were placed across ASIS and the non-dominant leg 
at 20cm above tibial tuberosity in order to stabilize 
participants during the standardized Active Knee 
Extension (AKE) position34,35. The hip was placed at 
90� and fixed using a seat belt, proximal to the popli-
teal crease (Figure 1a). All belts were marked for re-
measurement, and the dominant leg was measured 
for all participants. Dominant leg was identified as 
the preferred kicking leg. 

The measurement of AKE was taken once the partic-
ipant extended the knee to their point of hamstring 
stretch tolerance (no pain and initial resistance) and 
at that point the calcaneus was supported to allow 
a baseline measurement to be recorded, via a stan-
dard goniometer (Myrin, Patterson Medical, North 
Ryde, Australia) at the tibiofemoral joint.30,36 The 
participant was then placed prone on the plinth with 
a pillow under the ankles to assist in relaxation of 
hamstrings. 

Subsequent to this baseline measure, AKE measure-
ments were completed immediately, 30 minutes, 
three- and five- days post intervention. Participant 
were instructed to continue normal daily activity 
through the duration of the study and requested 
to avoid any specific activity related to hamstring 
flexibility. For intervention in the SS the group, the 
barrier of resistance was found in AKE and a 30 sec 
hamstring stretch applied by the researcher at the 
initial point of resistance, with a 10 sec rest period 
between each stretch. This was repeated three 
times.1,31,37 The PNF group was placed in AKE posi-
tion and the initial stretch barrier held for 10 secs, 
prior to 10 secs PNF hamstring contract-relax resis-
tance of 75% of their perceived maximum to assist 
muscle activation. There was a three second release 
from barrier prior to stretching to new resistance 
barrier for 10 secs, and this process was repeated 
three times.1,38 For KT application the distributors 

Figure 1. (a) The Active Knee Extension testing position and 
(b) kinesiology tape Y-cut application.
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guidelines (RockTape®) were followed, with the area 
prepared and a Y-cut piece of tape applied at 25% 
stretch from ischial tuberosity to head of fibula, and 
to the medial condyle of tibia to hamstring muscle 
insertion points with knee extension (Figure 1b). 
The KT application remained in place for the five-
day duration of the study. For all participants and 
for each intervention, the same therapist performed 
all procedures.

Statistical Analysis
A two factor (intervention x time) repeated measures 
general linear model was used to determine differ-
ences between interventions at the progressive time 
points. Where appropriate, post-hoc pairwise com-
parisons using a Bonferroni correction factor were 
applied. Statistical significance was set at p ≤ 0.05. 
All measures are reported relative to the pre-exer-
cise score, which assigned 100% baseline for each 
participant. Data are presented as mean ± standard 
deviation. 

In describing the temporal pattern of changes in 
ROM, a range of regression polynomials were applied 
to each intervention to determine the optimal model 
to describe temporal efficacy1. The strength of the 
regression was quantified using the r2 value. 

RESULTS
The subject demographics for each intervention 
group are summarised in Table 1.

Table 2 summarises the change in ROM for each 
intervention over the five day period. The only sig-
nificant changes observed in ROM occurred with 
KT application (relative to pre-application baseline 
scores) at 30mins (p = 0.03) and 3 days (p = 0.01). At 
the three-day post intervention measurement the KT 
trial also significantly outperformed the SS (p = 0.03) 
and PNF (p = 0.03) interventions. The SS and PNF 
interventions produced the greatest  improvement in 

performance immediately post-application but these 
changes were not statistically significantly different 
(p ~ 0.10). The temporal pattern of changes in ham-
string extensibility is shown in Figure 2.

Figure 3 shows the temporal distribution in ROM 
plotted against a linear timeline, with the regression 
coefficients summarised in Table 3 for both linear 

Table 1. Subject Demographics (presented as group mean 
± standard deviation).

Table 2. Temporal changes in hamstring extensibility for 
each intervention.

Figure 2. The time history of changes in active knee exten-
sion with each intervention. *denotes signifi cantly greater than 
baseline (p ≤ 0.05).

Figure 3. The optimum correlational function to model the 
time history of changes in active knee extension for each inter-
vention.
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and polynomial (quadratic) functions. The SS and 
PNF interventions were best modelled by a negative 
linear function, although the strength of the corre-
lation was weak in each case. In contrast, the KT 
data produced a positive linear regression, but was 
optimized using a quadratic polynomial function 
(R2 = 0.60). The quadratic equation to describe the 
temporal pattern of change in ROM with KT applica-
tion yields an optimum time of 2.76 days, eliciting a 
129.6% ROM.

DISCUSSION
The current study investigated the efficacy of KT 
on hamstring extensibility over a five-day period 
in comparison with traditional stretching methods. 
There are a few studies (with notable methodologi-
cal variance) whose authors have reported signifi-
cant differences between KT and other treatment 
interventions,4,19,39 although research into the tempo-
ral benefits are limited.

While KT demonstrated a positive linear correla-
tion with time post intervention, both SS and PNF 
presented a negative linear correlation. The find-
ings have implications for the practitioner, since the 
choice of intervention might depend on the poten-
tial for immediate or longer-term utilization for ham-
string extensibility. Similar to previous literature, 
the findings indicate that if immediate and short 
term improvements are required PNF application is 
preferable.1,38 However if improvement in hamstring 
extensibility is required over a longer time period 
then KT offers potential benefits. KT application 
was best modelled as a quadratic function, predict-
ing optimum yield at 2.76 days.

To date the majority of KT studies have considered 
the immediate effects after application, while few 

studies have reviewed over the effects over a pro-
longed application. Those that have considered 
immediate or short term effects are associated with 
a variety of musculoskeletal pathologies including 
shoulder impingement,5,40 whiplash,19 plantar fasci-
itis,41 PFPS,5,39 achilles tendonosis42 and chronic lower 
back pain.6,8,43 Results from these studies should be 
viewed with caution as all have variance in both 
clinical and statistical outcomes. Importantly, those 
studies whose authors’ demonstrated improvements 
suffered from poor methodological quality.11,12,44,45 

Any immediate KT benefits reported have not been 
maintained through the respective follow up periods 
which does not allow for advocating KT in preference 
over other interventions,8 rather, only that KT can be 
used as an alternative or adjunct intervention.39,40 

The proposed physiological mechanisms for the 
beneficial effects of KT are numerous and com-
plex, however the majority of authors suggesting 
three main mechanical theories; neuromuscular 
reflex stimulation (autogenic or reciprocal inhibi-
tion), stress-strain relaxation, and tissue and plastic 
deformation.10-12,46 The current findings suggest the 
proposed mechanical theories are more likely to 
influence the immediate change in muscle exten-
sibility. The tissue response to KT application may 
influence plastic deformation and stress-strain relax-
ation over a longer duration. The greatest initial 
gains attributed to PNF may be due to the co-con-
traction theory through the neuromuscular reflex 
stimulation and subsequent latency to induce tis-
sue relaxation and allow for a new end range to be 
established.10,47-50 Previous researchers determined 
that post PNF intervention, muscle extensibility 
returned to 50% of baseline within one second and 
90% in 10 seconds.51

The current findings suggest that KT was the pref-
erential treatment over the five day duration, sug-
gesting that the effects may be due to stress-strain 
relaxation and viscoelastic deformation.17 The con-
sistently applied stretch force at the end of range 
induced by the KT may reduce the viscoelastic 
energy and promote stress relaxation, so the mus-
cles can experience strain relaxation (creep) result-
ing in a decline in passive resistance over time.17,52 
Furthermore within the current study the larger 
muscle mass associated with hamstrings may induce 

Table 3. Linear and quadratic correlation coeffi cients to 
predict ROM from time post-intervention.
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greater improvements as passive elastic stiffness 
has positive correlation to the strength of muscles 
in comparison to other studies that utilized other 
muscles.53,54 

The findings indicate the optimum post-interven-
tion time was 2.76 days, suggesting a combination 
of initial cutaneous mechanoreceptor stimulation, 
viscoelastic change and stress-strain relaxation may 
assist in deformation over an approximate three day 
time period. However the results showed no statis-
tically significant differences in ROM at day five, 
and a return to resting state by day six based on the 
regression equation, supporting the suggestion that 
viscoelastic deformation is transient and it’s magni-
tude and duration are influenced by duration, inter-
vention and load.10,55,56 

It is important to note that additional mechanisms 
that influence muscle extensibility should be consid-
ered, including pain perception from the central and 
peripheral nervous systems,10 physiological changes 
in sarcomeres, the stimulation of the rearrange-
ment of collagen,58 or psychological influences.47,57 
Minimal literature exists to support alternative 
theories of plastic deformation and other mechani-
cal mechanisms that consider the adaptive change 
within connective tissue. 10,31 Thus, future research 
could examine the tissue response to KT application 
reapplied at day three, recovery days prior to reap-
plication or methods to achieve greater longer term 
effects.

Similar to the recent study reviewing the efficacy 
of KT over 30 minutes to assist hamstring flexibil-
ity, KT can be potentially be utilized for technique 
improvement and performance facilitation.59 How-
ever, it is important to consider that an increase in 
muscle extensibility may be detrimental to power 
and performance, and may actually increase injury 
risk.27,51 Thus, findings of the current study cannot 
be generalized to a wider population that differs in 
age, gender and health of the subjects. 

Understanding the possible mechanisms of influence 
of KT needs further consideration through other 
methods such as electromyography, ultrasound, and 
thermal imaging. The benefits of KT are likely to 
be influenced by a wide range of extrinsic factors 
such as therapist experience, the environment, the 

nature of injury, population, sporting demands, 
and physiological, psychological and biomechanical 
characteristics. Efficacy may also be directly related 
to the execution of the therapist experience, tape 
application and tape techniques chosen.51 Future 
studies should consider longitudinal and post appli-
cation follow up studies, additional muscle groups, 
functional task assessment, and alternative tape 
application methods. 

CONCLUSION
Each intervention displayed a unique temporal pat-
tern of changes in active knee extension. For an 
immediate improvement in hamstring muscle flex-
ibility PNF and SS both out-performed KT, however 
for improvements over a longer duration kinesiology 
tape is advantageous. The optimum timing of kinesi-
ology tape application was 2.76 days, eliciting a 30% 
improvement in hamastring ROM relative to base-
line. These findings suggest that the choice of stretch-
ing intervention be informed by the clinical context. 
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ABSTRACT
Background/Purpose: Low back pain (LBP) is a common source of disability in adults and highly preva-
lent in patients with painful hip pathology. Persistent LBP after hip arthroplasty is associated with lower 
self-reported function, however, the effect of pre-operative LBP in patients undergoing hip arthroscopy for 
FAI has not been evaluated. The purpose of this study was to determine whether improvements in self-
reported hip function following arthroscopic surgery for femoroacetabular impingement (FAI) differed 
between those with and without reports of pre-operative low back pain. 

Study Design: Cohort

Methods: Three hundred eighteen subjects undergoing primary hip arthroscopy for clinically and radio-
graphically-confirmed FAI were recruited and consented. One hundred fifty-six of these subjects com-
pleted the International Hip Outcomes Tool (iHOT-33) and the Hip Outcome Score Activities of Daily 
Living Subscale (HOS-ADL) before, and six and 12 months after surgery. Subjects were grouped based on 
the self-reported presence or absence of LBP prior to arthroscopy. A repeated measures analysis of vari-
ance was used to determine the effects of time and low back pain on iHOT-33 and HOS-ADL scores.

Results: Seventy-five of 156 subjects (48.1%) reported LBP prior to surgery. A main effect of time was 
found for both outcome measures (p<0.001), demonstrating improvement in self-reported outcomes over 
the testing period. There was a main effect of group for the iHOT-33 (LBP: 52.0 [47.9,56.0]; no LBP 57.9 
[53.9,61.8]; p = 0.043) but not for the HOS-ADL (LBP: 75.2 [72.2,78.2]; no LBP 78.8 [75.9,81.7]; p = 0.088) 
indicating that subjects with pre-operative LBP had poorer self-reported function per the iHOT-33 com-
pared to those without LBP. 

Conclusion: Self-reported hip function scores improved regardless of the presence of pre-operative LBP; 
however subjects with LBP reported poorer self-reported function per the iHOT-33 as compared to those 
without LBP up to 12 months post-operatively. 

Level of Evidence: 3c

Key Words: Femoroacetabular impingement, low back pain, outcomes
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INTRODUCTION
Low back pain (LBP) is a common source of disabil-
ity in adults and is present in up to fifty percent of 
patients with painful hip pathology.1,2 LBP is strongly 
associated with the presence of radiographic hip 
osteoarthritis (OA) in patients who report hip pain,3 
and is a significant predictor of higher osteoarthritic 
pain and disability scores within five years of base-
line measures.4 Hip arthroplasty appears to have a 
positive effect on LBP and self-reported function 
post-operatively,5 however, persistent LBP following 
total hip arthroplasty is associated with lower self-
reported hip function and quality of life.2

Femoroacetabular impingement (FAI) is an abnor-
mality in femoral and/or acetabular morphol-
ogy which can cause hip pain in young and active 
adults6,7 and may be a precursor to joint osteoarthri-
tis.8 While groin pain is the main symptomatic com-
plaint of these patients, many have pain in adjacent 
regions.9,10 One in four patients presenting with hip 
FAI report concomitant LBP and have often been 
diagnosed and treated for lower back pain prior to 
obtaining a diagnosis of FAI.9,11 The presence of LBP 
in those individuals with FAI may negatively affect 
post-operative disability and resolution of prior level 
of function, thereby potentially necessitating tar-
geted low back rehabilitation pre-operatively and/
or post-operatively in addition to the management 
of FAI. The purpose of this study was to determine 
whether improvements in self-reported hip func-
tion following arthroscopic surgery for FAI differs 
between those with and without complaints of pre-
operative LBP. The primary hypothesis tested was 
that patients with pre-operative LBP would report 
lower self-reported function both before and up to 
one year after hip arthroscopy. 

METHODS
Three hundred eighteen subjects undergoing hip 
arthroscopy for FAI were recruited from the Hip 
Preservation Division at The Ohio State University 
Wexner Medical Center. [Figure 1] Those subjects 
requiring revision surgery or bilateral hip arthros-
copies were excluded. Subjects had to be at least 15 
years of age, and surgical eligibility was determined 
by the presence of all clinical and radiographic 
guidelines listed in Table 1. Subjects were excluded 
from the study if they did not provide informed 
consent or required other hip surgeries, including 
but not limited to labral repair without osteoplasty/
acetabuloplasty, periacetabular osteotomy, labral 
reconstruction, or gluteus medius repair. The study 
was approved by the Ohio State University Institu-
tional Review Board, and all subjects provided writ-
ten and informed consent.

318 subjects undergoing 
FAI arthroscopy 

156 subjects completed 
HOS-ADL and iHOT-33 

75 subjects with pre-
operative LBP 

81 subjects without pre-
operative LBP 

Figure 1. Subject Recruitment Process
Subjects were recruited from the Hip Preservation Division at 
The Ohio State University Wexner Medical Center. Subjects who 
completed outcome measures at all time points were included 
in the data set and grouped by presence or absence of self-
reported pre-operative LBP.

Table 1. Eligibility criteria for FAI arthroscopy 
Surgical eligibility for FAI arthroscopy was determined by the criteria listed above

1. Clinical presenta�on consistent with FAI which adversely affected pa�ent func�on 

2. Alpha angle >50 degrees for CAM impingement; presence of acetabular retroversion and/or coxa 

profunda for pincer impingement 

3. Failed conserva�ve therapy, minimum of ~4 weeks 

4. Hip pain relieved a�er injec�on with a local anesthe�c 

5. Minimal degenera�ve hip changes (Tonnis grade ≤ 1) 

Subjects mee�ng all listed criteria were considered eligible for FAI arthroscopy 
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One hundred fifty-six of the enrolled 318 subjects 
(Age 31.2 years ± 15.4 ,BMI 24.8 ± 3.8, 39 Males/117 
Females) had complete data sets at the time of the 
data analyses. The International Hip Outcomes Tool 
(iHOT-33)12 and the Hip Outcome Score Activities of 
Daily Living Subscale (HOS-ADL)13 were completed 
before surgery, and at 6 and 12 months after surgery 
to assess self-reported hip function. The iHOT-33 is 
a 33-item patient self-report outcome measure with 
questions regarding symptoms and functional limi-
tations; sports and recreational activities; job-related 
concerns; and social, emotional, and lifestyle con-
cerns. The iHOT-33 is scored from 0-100 with 100 
representing the best quality of life and has a mini-
mal clinically important difference (MCID) of 6.1 
points and a test/re-test reliability interclass correla-
tion coefficient (ICC) of 0.78.12 The HOS-ADL con-
tains 19 items pertaining to basic daily activities and 
is scored as a percentage with 100% representing 
the highest level of physical function. The HOS-ADL 
has a MCID of 9 points and a test/retest reliability 
of 0.98. Subjects also completed a body chart where 
they were asked to indicate the area(s) in which 
they were currently experiencing pain.13 The sub-
jects were then grouped based on the self-reported 
presence or absence of LBP prior to arthroscopy. 

A multivariate repeated measures analysis of variance 
was used to determine the effects of time and LBP 
on iHOT-33 and HOS-ADL scores. (SPSS, Inc. Version 
22, Chicago, IL) Where significant interactions were 

 identified, post-hoc t-tests were used to determine 
where group or time differences existed (p ≤0.05). Main 
effects of time and group were also evaluated and data 
are reported as means and 95% confidence intervals.

RESULTS
Seventy-five of 156 subjects (48.1%) reported LBP 
prior to surgery. Groups did not differ based on age, 
BMI, or sex distribution (p≥0.24). No significant 
group x time interaction was identified for either 
the iHOT-33 (p ≥ 0.41) or the HOS-ADL (p≥0.37). A 
main effect of time was found for both outcome mea-
sures (p<0.001) demonstrating improvement in self-
reported outcomes over the testing period regardless 
of group. There was a main effect of group [Table 2] 
for the iHOT-33 (LBP: 52.0 [47.9,56.0]; no LBP 57.9 
[53.9,61.8]; p=0.04) [Figure 2] indicating that subjects 
with LBP had poorer self-reported function (lower 
iHOT-33 scores) compared to those without LBP; 
there was no statistically significant main effect of 
group for the HOS-ADL (LBP: 75.2 [72.2,78.2]; no LBP 
78.8 [75.9,81.7]; p=0.09) [Figure 3]. 

To further explore whether changes were clinically 
important, the percentage of subjects achieving the 
minimal clinically important difference (MCID) was 
calculated. The MCIDs for the HOS-ADL and iHOT-
33 are 9 and 6.1, respectively.12,13 At six months 
post-operatively, 39.7% of those subjects with 
LBP achieved MCID per the HOS-ADL compared 
to 34.6% of those without LBP. At the six month 

Table 2. Mean scores (with 95% confi dence intervals) for the International Hip Outcome 
Tool (iHOT-33) and the Hip Outcome Score Activities of Daily Living (HOS-ADL)
A main effect of group was found for iHOT-33 indicating those with pre-operative LBP 
had poorer self-reported outcomes than those without LBP

iHOT-33 p-value

LBP 52.0
(47.9, 56.0) 

No LBP 57.9
(53.9, 61.8) 

0.043*

HOS-ADL

LBP 75.2
(72.2, 78.2) 

No LBP 78.8
(75.9, 81.7) 

0.088

LBP= low back pain 
* p <0.05 
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 post-operative assessment, 44.2% of subjects with 
LBP achieved MCID per the iHOT-33 compared to 
41.0% of those without LBP. At one year post-oper-
atively, 39.1% of subjects with LBP achieved MCID 

compared to pre-operative scores per the HOS-ADL 
and 41% of those without LBP achieved MCID. Per 
the iHOT-33, 42.9% of subjects with LBP achieved 
MCID at one year compared to 43.6% without LBP.
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Figure 2. iHOT-33 scores in subjects with and without LBP
iHOT-33 scores in those with LBP (blue) and without LBP (red) at pre-op, 6 months, and 12 months post-op. 95% confi dence intervals 
are shown.
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Figure 3. HOS-ADL scores in subjects with and without LBP
HOS-ADL scores in those with LBP (blue) and without LBP (red) at pre-op, 6 months and 12 months post-op. 95% confi dence intervals 
are shown.
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DISCUSSION
The purpose of this study was to determine whether 
the self-reported recovery of function following 
arthroscopic surgery for FAI differs between those 
with and without complaints of pre-operative LBP. 
All subjects who underwent hip arthroscopy for 
symptomatic FAI demonstrated significant improve-
ment in self-reported hip function, regardless of the 
presence of pre-operative LBP. However, those sub-
jects with pre-operative LBP reported poorer self-
reported function per the iHOT-33 as compared to 
those without LBP both before and up to 12 months 
after hip arthroscopy.

The function of the lumbar spine, pelvis, and hips 
are inextricably linked by their common anatomy, 
which likely explains the high prevalence of LBP in 
patients seeking medical care for hip pain.2,4 Data 
from the current study indicate that while both 
patients with and without LBP have improved self-
reported function after arthroscopic surgery for FAI, 
scores for those with pre-operative LBP are lower 
at 12 months post-op. Corrective surgery appears 
to have a positive effect on pre-operative low back 
pain in patients undergoing THA. Ben-Galim et al.5 
reported improved spinal pain and function at three 
months post-THA and improved hip function corre-
lated with improved spinal function up to two years 
after surgery. Parvizi et al.2 reported that of the 170 
patients with LBP prior to THA, 66% had complete 
resolution of LBP symptoms post-operatively. Addi-
tionally, Parvizi found that patients who did not 
have LBP after THA had higher mean Harris hip 
and SF-36 scores than patients who experienced LBP 
after THA.2 While many patients with hip pain expe-
rience relief of LBP following THA, the best course 
of treatment to address residual LBP and disability 
following hip arthroscopy is still unknown.

In this study, self-reported hip function was sig-
nificantly lower in the subjects with LBP, but this 
relationship was only noted for the iHOT-33 scores. 
While both the iHOT-33 and HOS-ADL are com-
monly used to assess self-reported function in those 
with hip disorders, the HOS-ADL exclusively mea-
sures the patient’s perception of physical function 
during common daily tasks. In contrast, the iHOT-
33 also contains questions regarding the patient’s 
emotional, social, and lifestyle dimensions and was 

developed for physically active individuals.12 The 
HOS-ADL has also been shown to have a ceiling 
effect, especially at 12 months post arthroscopy.14 
The iHOT-33 seemed to better capture self-reported 
disability in the present subject population than the 
HOS-ADL, and may be considered for mid- and long-
term outcome studies in patients with FAI.

Although subjects with LBP reported poorer hip 
function than those without LBP, it is interesting to 
note that the majority of subjects in either group did 
not achieve MCID improvements at six or 12 months 
post-operatively. These data indicate that while 
patients may report improved hip function after sur-
gery, they do not achieve full, unrestricted function 
within the first year. Future research to determine 
which patients would most benefit from surgical 
intervention as well as identifying additional com-
plicating factors may help to improve outcomes in 
this population.

This study has several limitations. The study included 
only the self-reported presence or absence of LBP 
prior to surgery. Severity and location of LBP and/or 
back-related disability were not recorded either pre- or 
post-operatively in this study. The use of a low back-
specific outcome tool such as the Modified Oswestry 
Low Back Questionnaire15 or a Visual Analog Scale at 
each time point may have provided additional insight 
into the relationship between hip function and LBP. 
Additionally, only subjects with full data sets up to 
one year post-arthroscopy were included in the analy-
sis. Excluding subjects who dropped out of the study, 
or did not yet reach the six month or one-year post-
operative time point does limit the generalizability 
of the current findings. Those with poorer outcomes 
may have been more likely to continue follow-up, 
thus explaining the high percentage of those with LBP 
in this study (48.1%) compared to 23% in a previous 
study by Clohisy et al.9 This pote ntially skewed popu-
lation may also explain why neither group achieved 
MCID on outcomes measures at either post-operative 
time point. Another limitation of this study is the lack 
of clinical objective measures to correlate with self-
reported outcome measures. For example, hip range 
of motion measured pre- and post-operatively may 
determine whether range of motion had an effect on 
self-reported function in this population. A hallmark 
of FAI is the loss of internal rotation range of motion 
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of the symptomatic hip,9,10,16 and deficits and/or 
asymmetry in hip internal rotation have shown to be 
associated with LBP.17-20 Those subjects with LBP may 
have had more severe loss of internal rotation mobil-
ity thus negatively affecting their function compared 
to those without LBP. Inclusion of objective physical 
measurements as well as patient-reported outcome 
tools would improve understanding of how hip and 
LBP and disability are related in this population. 

CONCLUSION
Subjects who underwent hip arthroscopy for symp-
tomatic FAI demonstrated improved self-reported 
hip function, regardless of the presence of pre-
operative LBP. Those subjects with pre-operative 
LBP reported poorer self-reported function on the 
IHOT-33 as compared to those without LBP up to 12 
months post-operatively. Future analyses may sup-
port the use of the iHOT-33 in identifying how low 
back pain influences functional outcomes following 
hip arthroscopy.
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ABSTRACT
Background: Recent evidence suggests performing a warm-up prior to golf can improve performance and 
reduce injuries. While some characteristics of effective golf warm-ups have been determined, no studies 
have explored the immediate effects of a rotational-specific warm-up with elements of motor control on the 
biomechanical aspects of the full X-Factor and X-Factor Stretch during the golf swing.

Methods: Thirty-six amateur golfers (mean ±SD age: 64 ± 8 years old; 75% male) were randomized into 
a Dynamic Rotation-Specific Warm-up group (n=20), or a Sham Warm-up group (n=16). X-Factor and 
X-Factor Stretch were measured at baseline and immediately following the warm-up. Mixed model ANCO-
VAs were used to determine if a Group*Time interaction existed for each variable with group as the 
between-subjects variable and time as the within-subjects variable.

Results: The mixed model ANCOVAs did not reveal a statistically significant group*time interaction for 
X-Factor or X-Factor Stretch. There was not a significant main effect for time for X-Factor but there was for 
X-Factor Stretch. These results indicate that neither group had a significant effect on improving X-Factor, 
however performing either warm-up increased X-Factor Stretch without significant difference between the 
two. 

Conclusions: The results of this study suggest that performing the Dynamic Rotation-Specific Warm-up 
did not increase X-Factor or X-Factor Stretch when controlled for age compared to the Sham Warm-up. 
Further study is needed to determine the long-term effects of the Dynamic Rotation-Specific Warm-up on 
performance factors of the golf swing while examining across all ages.

Level of Evidence: 2b

Key Words: Golf, motor control, warm-up, X-factor, X-factor stretch 
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INTRODUCTION 
There are 55 million golfers world-wide with 26 mil-
lion in the United States alone.1 Approximately 25% 
of these are seniors playing at a time in their life 
span when they are more prone to physical injury 
than golfers under the age of 65.2 Golf-related injury 
rates among amateurs have ranged from 16-36.5%.3,4 
Unlike professional touring golfers, amateur golfers 
typically do not perform a warm-up prior to play.5-9 
In fact, most amateur golfers lack knowledge regard-
ing what constitutes an effective warm-up. Addition-
ally, they may have negative attitudes regarding 
performing a warm-up or what it can accomplish.6,7 

If performed at all, most amateur warm-up activity 
tends to occur at the driving range with a series of 
air swings or progressive distance hitting, and is not 
long enough to be effective.5,6,9 

Adequate warm-up is essential for the amateur golfer, 
as researchers have indicated that it reduces the 
risk of injury and improves performance.7,10,11 Sev-
eral characteristics of effective golf warm-ups have 
been identified including that a pre-golf warm-up 
need only be a minimum of 7–10 minutes long.8,12 In 
addition, dynamic warm-ups improve performance 
whereas passive stretching as a warm-up decreases 
performance.5,12 Sport-specific flexibility training is 
considered an important part of the warm-up pro-
cess for sports that utilize extremes of movement.9,13 
This is the case with the full golf swing, which is 
primarily a rotational motion. Resistance warm-ups 
in functional patterns focusing on rotational and 
stabilizing muscle groups along with motor pattern-
ing have been found to improve maximum driv-
ing distance, consistency of ball strike, and smash 
factor.14 Tilley and Mcfarlane14 define smash factor 
as “the ratio between the ball speed and the club 
speed, it tells us about the centeredness of impact 
and the solidity of the shot, an important factor relat-
ing to performance.” Due to the equipment needed, 
it would be difficult to perform a resisted warm-up 
range-side prior to play, an important factor for com-
pliance in the amateur. Other warm-ups that have 
been studied include general dynamic movements at 
the spine, hips and shoulders, but none have focused 
predominantly on the components of spinal rotation 
and motor control that could prove helpful in improv-
ing golf-specific performance outcomes.9,10,12,15

In examining the components of the golf swing, the 
term X-Factor (XF) is used to describe the amount 
of transverse plane rotation differential between the 
shoulders and the pelvis at the top of the backswing 
and is a measurement of angular motion.16 Another 
term, X-Factor Stretch (XFS), is used to describe the 
additional rotation that occurs following the back-
swing in the early downswing.17 Before the transi-
tion from the backswing to the downswing, it has 
been observed that the pelvis has already reversed 
its direction to rotate towards the target at a time 
when the upper torso is still moving away from the 
target. This increases the amount of rotation and 
separation between the upper and lower segments.17 

Both the XF and XFS are positively correlated with 
increased distance in long drives.17-21 There are dif-
fering opinions as to which is more important, XF 
or XFS.17,21 When comparing professional golfers to 
amateur golfers, the amateurs typically over rotate 
from the pelvis and below while under rotating 
through the spine, thus not utilizing optimum XF.17 
Given that golf is a popular sport for retirees, age 
related spinal stiffness makes it understandable that 
most aging amateur golfers obtain greater rotation 
through the legs and pelvis rather than through suf-
ficient use of the XF and XFS. Additionally, amateur 
golfers may lack sufficient muscular stabilization 
through the legs and pelvis to control large amounts 
of spinal rotation needed for the full golf swing. 
In an effort to combine the two problems of inad-
equate warm-up and an inefficient use of the XF and 
XFS in amateur golfers, research efforts related to 
motor control strategies and golf performance may 
prove to be helpful.22 Using motor control strategies 
to improve vertical forces in the lead foot has been 
shown to allow more effective rotational sequenc-
ing through the kinetic chain.23,24 Professional golf-
ers have been found to place greater vertical force 
into the lead foot (ground reaction forces [GRF]) dur-
ing the downswing compared to amateur golfers.23-25 
Better use of these forces allows more time for effec-
tive rotational sequencing between the pelvis and 
spine, thus improving the power imparted into the 
ball. Use of motor control strategies addressing this 
issue have not typically been incorporated into golf 
warm-ups. It is theorized that dynamic motor con-
trol drills designed to optimize the acceptance of 
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vertical forces into the lead foot would assist ama-
teur golfers in attaining the spinal rotation neces-
sary for adequate XF and XFS.

The purpose of this study was to examine the effect of 
a Dynamic Rotation-Specific Warm-Up (DRSWU) on 
XF and XFS in the amateur golfer. To date no stud-
ies have been conducted on the effects of a rotational 
specific warm-up on specific biomechanical param-
eters of the full golf swing. The results of this study 
could be helpful in guiding and encouraging amateur 
golfers to perform a DRSWU. It was hypothesized that 
performing a DRSWU would increase XF and XFS 
compared to performing a sham warm-up (SWU). 

METHODS

Subjects
Forty adult (18 years old and over), amateur golfers 
volunteered from area golf clubs. To qualify, golfers 
needed to report golfing at a minimum frequency 
of once weekly for most of the golf season. There 
were no restrictions on gender or handicap for inclu-
sion. Subjects were excluded if they were, or ever 
had been a golf teaching or touring professional. 
They were also excluded if they reported pain while 
swinging their club or following play.

Instrumentation
The K-Vest system (K-Vest, K Motion Interactive, 
Inc., Milford, NH), utilizing TPI software (Titleist 
Performance Institute, Oceanside, CA), was used 

to measure angular velocity by time. This system 
captures 3-dimensional biomechanical data during 
the golf swing using inertial sensors. These sensors 
(InterSense Inc., Billerica, MA) measure motion 
in three degrees of freedom, in 360 degrees at all 
axes, at a range of 0-1200 degrees per second with 
an accuracy of one degree in yaw, and 0.5 degrees 
in pitch and roll at 25 degrees Celsius.26 The sensors 
are attached at the upper back between the shoulder 
blades using a specially designed vest, at the sacrum 
using a belt, and at the gloved hand (Figure 1).

The K-Vest TPI software captures the kinematic 
sequence and produces a graph (Figure 2). An addi-
tional graph tracks the degrees of thoracic spine 

Figure 1. K-Vest System on model subject 

Figure 2. The Kinematic Sequence of the full golf swing representing rotational velocities for the pelvis (red), thorax (green), and 
club shaft at grip (brown). The X-axis measures time in seconds from address to follow-through. The black vertical lines sequentially 
represent (from left to right): address, top, impact, and follow-through. The Y-axis represents rotational velocities in degrees per 
second. Positive Y-axis values represent rotation toward the target, while negative values represent rotation away from the target.



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 1001

 rotation relative to the pelvis (Figure 3). These 
graphs of time (seconds) by angular velocity (degrees 
per second) yields the angle in degrees of rotation 
between the pelvis and thorax (XF). Using these 
graphs, calculation of the XFS is accomplished using 
Cheetum’s27 protocol: degrees of rotation of the pel-
vis at transition (XF) are subtracted from degrees of 
rotation at the equal velocity line to determine the 
XFS, a value representing degrees of angular motion 
. Values for XFS are considerably smaller than those 
for XF as they represent the additional rotational 
stretch achieved following transition.

Procedures
This study was a prospective, randomized within and 
between (mixed model) subjects design. Subjects 
were assigned to a group using an online randomiza-
tion program for two groups of 20 subjects. Subjects 
were required to wear golf shoes, a golf glove and use 
their own, non-hybrid 5 or 6 iron. As a condition of 
testing, subjects had to avoid all golf play or exercise 
of any type the day of the testing session. The subject 
donned the K-Vest system and was allowed to per-
form five practice swings hitting a golf ball into a net 
prior to obtaining three baseline swing captures, also 
hitting a golf ball into a net. The 5 practice swings 
allowed subjects to get used to swinging the club while 
wearing the K-Vest system as well as to mimic typi-
cal golf behavior of performing practice swings prior 
to hitting. A movement screen consisting of lumbar, 

cervical, and shoulder active range of motion was 
performed to further rule out pain or injury and was 
performed following the first round of swing captures 
so as not to function as a warm-up, therefore meet-
ing the criteria of no prior exercise. Subjects were 
eliminated if they reported pain during the screen. 
Four subjects from the SWU group were excluded: 
three due to pain during the screening and one for 
inability to follow the warm-up instructions. Subjects 
who successfully passed this screen progressed to the 
warm-up of their respective group: 20 subjects in the 
DRSWU group and 16 subjects in the SWU group. 

The DRSWU is a previously unpublished golf warm-
up developed for the purpose of this study in order 
to investigate the ability to improve full-golf swing 
performance (Table 1). It was developed in consul-
tation with several golf fitness professionals and 
several golf instructors, all with background in golf 
biomechanics. It is a 10 minute warm-up performed 
at the driving range, which requires no equipment 
other than the golf club. Compliance factors as well 
as elements of known, effective warm-ups have been 
built into this warm-up.5,7,8,9,10,11,12,13, The DRSWU used 
in this study not only has components of dynamic 
rotational mobility, but also includes drills to address 
GRFs, and motor control training of XFS considered 
important in the ability to incorporate the gains in spi-
nal mobility into the actual swing to increase XF and 
XFS.14 The intent of the parameters of the DRSWU 
is to facilitate incorporation of a warm-up into the 
golfer’s pre-play routine while effectively improv-
ing performance. Although not currently examined 
in this study, the DRSWU may have the potential to 
have a positive effect in reducing injury however, 
the prospect of improving driving distance may 
provide greater motivation for the amateur golfer.6 
The SWU was intended to mimic the duration of the 
DRSWU yet differed due to the emphasis on sagittal 
plane movements. (Table 2) Subjects were shown an 
instructional video of their respective group warm-
up in order to facilitate their understanding of the 
movements required during the warm-up. Subjects 
were then led through their warm-up and allowed 
five additional practice swings. The final three swing 
captures were then obtained. Since K-Vest with TPI 
software allows for real-time analysis, any swings 
with artifact were eliminated and golfers repeated 

Figure 3. Spine rotation graph (pelvis – torso differential) 
The X-axis measures time in seconds from address to follow-
through. The black vertical lines sequentially represent (from 
left to right): address, top, impact, and follow-through. The 
Y-axis represents degrees of thoracic spine rotation relative to 
the pelvis in degrees. The gray horizontal line is the zero base-
line representing no rotation. The Y-axis positive values repre-
sent rotation toward the target, negative values represent 
rotation away from the target.
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swings until there were three adequate swing cap-
tures for each pre-test, post-test scenario.

Statistical Methods
Descriptive analyses of continuous variables included 
mean, standard deviation, and 95% confidence inter-
vals. Correlations were examined for relationships 
between age or handicap and pre-test XF or XFS. Inde-
pendent t-tests were used to determine differences 
between groups for variables of age and  handicap. 

The average of the values obtained from each of the 
three swings for XFS and XF were used to examine 
differences following the two warm-up protocols. 
SPSS software (version 22.0; IBM Corp., Armonk, NY) 
was used to administer a 2x2 mixed-model ANCOVA 
with age as a covariate and with an alpha level of p≤ 
0.05. As spinal range of motion tends to reduce with 
age, it was used as a covariate to eliminate differences 
due to age in order to focus on the response to warm-
up. Warm-up group (DRSWU versus SWU) served 

Table 1. Dynamic Rotation-specifi c Warm-up 
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as the between-subjects variable and time (pre-test, 
post-test) served as the within-subjects variable.

RESULTS

Subjects
Table 3 contains demographics of the subject popula-
tion including age, gender and golf handicap. Ages 
of subjects volunteering for this study were predomi-
nantly in the older adult (60-80 years old) age group 
(78%, n= 28) with the remainder in the middle-aged 
adult (40-60 years old) group (22%, n=8). There were 
no subjects representing the young adult age group (20-
40 years old). Subjects reported the following pre-golf 

warm-up habits; 88.9% typically (n=32) performed 
some kind of warm-up and 11.1% (n=4) reported no 
warm-up. Of those performing a warm-up, 96.9% hit 
range balls (n=31), 62.5% (n=20) performed static 
stretching, 12.5% (n=4) performed dynamic stretch-
ing, and 3.1% (n=1) walked for 20 minutes. Subjects 
were allowed to report more than one warm-up strat-
egy. A lower handicap was related to a higher pre-test 
XF, but not XFS. Age was negatively correlated to XF, 
but there was not a relationship between age and pre-
test XFS. Independent t-tests revealed no significant 
difference between groups for handicap, however 
there were significant age differences between groups 

Table 2. Sham Warm-up
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(p= .02). For this reason age was used as a covariate 
in the mixed model analysis.

Main results
Pre-test and post-test means for XF and XFS are 
listed in Table 4. The mixed model ANCOVAs did not 
reveal a statistically significant group*time interac-
tion for XF (F= 2.479; p=.125) or XFS (F=0.631; 
p=.433). There was not a significant main effect for 
time for XF (F=0.398; p= .533), but there was for 
XFS (F= 13.293; p= .001). These results indicate 
that neither warm-up had a significant effect on 
improving XF, however performing either warm-up 
equally increased XFS with no significant difference 
between the two when adjusted for age.

Discussion
The purpose of this study was to examine the imme-
diate effects of two warm-ups on XF and XFS. The 

authors hypothesized that the DRSWU would signifi-
cantly increase both biomechanical measures. Find-
ings from this study did not support this hypothesis. 
As there has been no prior research into interven-
tions to produce an immediate change in XF and XFS, 
it is difficult to draw comparisons to other studies. A 
study by Tilley and Macfarlane14 compared a resisted 
rotational golf warm-up to a linear resisted warm-up. 
They found the rotational warm-up improved some 
measures (immediate maximal driving distance, 
smash factor and consistent ball strike), but not oth-
ers (drive accuracy or maximum club head speed). 
The Tilley and Mcfarlane14 study did not measure XF 
or XFS and was performed on a much younger, elite, 
all-male golfer population making it difficult to draw 
comparisons with the current study.

The long-term effects of the DRSWU on golf per-
formance are unknown and warrant further 
 investigation based on prior findings that indicate 
that long-term effects of consistent use of a warm up 
exceed those seen as initial or immediate effects.10 

Myers et al.22 posed the question of how to increase 
torso-pelvis separation in the golfer and stressed 
the importance of investigating strategies to do so. 
Based on the results of this study, the utility of long-
term exercise or motor control programs need to be 
examined. Further, there may be limited possibili-
ties to improve spinal mobility and thus improve XF 
or XFS with the older golfer since 33 out of 36 golfers 
studied were over the age of 50.

Reports by subjects concerning their warm-up 
habits were similar to prior studies indicating that 
amateur golfers often do not perform the kinds of 

Table 3. Participant Characteristics

Table 4. Outcomes for X-Factor and X-Factor Stretch
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warm-ups that have been demonstrated effective in 
improving performance. A prior study by Fradkin et 
al.5 found less than 3% of amateur golfers performed 
an adequate warm-up consisting of all three of the 
following components: some form of low–level aero-
bic activity, dynamic stretching, and sport-specific 
movements. Based on these criteria, the percent of 
subjects in this study reporting an adequate warm-up 
is 0%. Furthermore, the four subjects who reported a 
dynamic stretching warm-up also reported perform-
ing static stretching, and the theoretical possibility 
exists that these two types of warm-up could negate 
each other. While the current study results indicate 
that 11% of subjects performed no warm-up, this is 
an encouraging finding compared to the 47% who 
did not warm-up in the study by Fradkin et al.5.

This study had several limitations. While both groups 
made significant increases in XFS from pre-test to 
post-test, it is difficult to determine if that difference 
was a result of performing one of the warm-ups or 
due to the passage of time because there was not a 
control group. However, it would not be expected 
that spinal range of motion would increase in a mat-
ter of 30 minutes between the two swing captures 
without any type of activity. The randomization of 
subjects prior to the pain screen resulted in an imbal-
ance of group numbers with the DRSWU group hav-
ing 20 subjects and the SWU group having 16. This 
would not have been an issue if the randomization 
occurred following the pain screen. By chance the 
four subjects who were eliminated by the screening 
procedures were all from the same group. High vari-
ance seen in the XFS results in the DRSWU was due 
to a grouping of four very high XFS outliers scoring 
6-8 degrees of rotation, while there were a significant 
number of subjects scoring less than 1 degree of XFS.

There were also age imbalances between the groups 
with the SWU group having a statistically older mean 
age than the DRSWU, thus using age as a covariate 
was necessary to control for differences. Some stud-
ies have reported golfers over the age of 65 represent 
25% of all golfers, suggesting subject age ranges for 
this study did not accurately reflect those of the entire 
amateur golfer population.2 This may have biased the 
main effect for time for both groups in a less respon-
sive direction. Equal representation of subjects from 
young, middle, and older adult age groups would 

have allowed for examination of age-related spinal 
stiffness as a potential factor  diminishing the effect 
of the warm-up. Future studies should examine the 
effects of warm-ups on a more representative age dis-
tribution of amateur golfers.2 

There was also an imbalance of gender with 75% 
of subjects being male across both groups. Horan et 
al.28 recommend not generalizing any data concern-
ing the torso and pelvis from males to females due 
to differences that exist in swing kinematics. Thus, 
there may be limited generalizability of the current 
results to female golfers. 

Another limitation of the study could have been the 
selection of the exercises for the DRSWU and the 
SWU. It could be argued that the inclusion of some 
practice swings into the SWU could have been respon-
sible for some improvement in spinal rotation, thus 
making less of a difference between groups. Regu-
larly performing practice swings at each drive is typ-
ical practice by amateurs. Since prior research has 
illuminated that practice hitting alone is not an ade-
quate warm-up, the goal of the study was to examine 
what could be done as a warm-up in addition to the 
typical practice swings.5,6,8 Thus, adding a limited 
amount of practice swings more accurately mimics 
a baseline of what amateurs are already doing.

Lastly, this study was conducted in an indoor simu-
lation environment with no direct measures of club 
head speed, driving distance, or driving accuracy, 
thus there may be limited generalizability to an out-
door golf environment or more direct performance 
measures. Future studies should continue to examine 
sport-specific types of warm-ups for improving golf 
performance by investigating outcomes over a longer 
time period, using varied direct and indirect measures 
of golf performance, and studying a varied age range.

CONCLUSIONS
In conclusion, performing a warm-up prior to golf 
improves performance and reduces injury. Warm-ups 
linked to improving performance will likely provide 
greater motivation for the amateur golfer. Higher XF 
and XFS are linked to improved golf performance.

The results of this study suggest that performing the 
DRSWU did not increase XF or XFS compared to the 
SWU. Neither warm-up had a significant effect on 
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improving XF, however performing either warm-up 
equally increased XFS with no significant difference 
between the two. Further study is needed to deter-
mine the long-term effects of the DRSWU on per-
formance factors of the golf swing while examining 
across all ages.
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ABSTRACT
Background: The Cumberland Ankle Instability Tool (CAIT) is a valid and reliable patient reported outcome 
used to assess the presence and severity of chronic ankle instability (CAI). The CAIT has been cross-culturally 
adapted into other languages for use in non-English speaking populations. However, there are no valid question-
naires to assess CAI in individuals who speak Korean. 

Purpose: The purpose of this study was to translate, cross-culturally adapt, and validate the CAIT, for use in a 
Korean-speaking population with CAI. 

Study Design: Cross-cultural reliability study.

Methods: The CAIT was cross-culturally adapted into Korean according to accepted guidelines and renamed the 
Cumberland Ankle Instability Tool-Korean (CAIT-K). Twenty-three participants (12 males, 11 females) who were 
bilingual in English and Korean were recruited and completed the original and adapted versions to assess agree-
ment between versions. An additional 168 national level Korean athletes (106 male, 62 females; age =20.3±1.1 
yrs), who participated in ≥ 90 minutes of physical activity per week, completed the final version of the CAIT-K 
twice within 14 days. Their completed questionnaires were assessed for internal consistency, test-retest reli-
ability, criterion validity, and construct validity. 

Results: For bilingual participants, intra-class correlation coefficients (ICC2,1) between the CAIT and the CAIT-K 
for test-retest reliability were 0.95 (SEM=1.83) and 0.96 (SEM=1.50) in right and left limbs, respectively. The 
Cronbach’s alpha coefficients were 0.92 and 0.90 for the CAIT-K in right and left limbs, respectively. For native 
Korean speakers, the CAIT-K had high internal consistency (Cronbach’s α=0.89) and intra-class correlation coef-
ficient (ICC2,1 =0.94, SEM=1.72), correlation with the physical component score (rho=0.70, p=0.001) of the 
Short-Form Health Survey (SF-36), and the Kaiser-Meyer-Olkin score was 0.87. 

Conclusions: The original CAIT was translated, cross-culturally adapted, and validated from English to Korean. The 
CAIT-K appears to be valid and reliable and could be useful in assessing the Korean speaking population with CAI. 

Keywords: Ankle sprain, Patient Reported Outcome, Ankle Injury

I
J
S
P

T
ORIGINAL RESEARCH

CROSS-CULTURAL ADAPTATION AND VALIDATION OF 

THE KOREAN VERSION OF THE CUMBERLAND ANKLE 

INSTABILITY TOOL

Jupil Ko, MS, ATC1

Adam B. Rosen, ATC, PhD2

Cathleen N. Brown, ATC, PhD1

1 The University of Georgia, Athens, GA, USA
2 The University of Nebraska at Omaha, Omaha, NE, USA

All authors indicate that no benefi ts in any form have been 
received or will be received from a commercial party related 
directly or indirectly to the subject of this article. 

Part of data from this study had been presented as an abstract 
format in the South East chapter of American College of Sport 
Medicine Annual Meeting on February 13-15, 2014. 

No authors have any confl icts of interest.

CORRESPONDING AUTHOR
Jupil Ko, MS, ATC 
The University of Georgia
Department of Kinesiology
330 River Road, Athens GA 30602, USA
Phone: 706-542-3273
E-mail: jpko@uga.edu



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 1008

INTRODUCTION 
The ankle is the most common site for a joint 
sprain to occur, during all types of sporting activi-
ties. According to the National Collegiate Athletic 
Association (NCAA), approximately 15% of athletes 
have experienced an ankle sprain.1 Significant health 
issues caused by traumatic lateral ankle sprains 
include the initial symptoms of acute pain, swelling, 
and loss of function and a high rate of recurrence. 
An estimated 75% of athletes report recurrent ankle 
sprains with over half of them experiencing signifi-
cant disability and persistent symptoms which may 
result in Chronic Ankle Instability (CAI).2-4 CAI is 
characterized by the sensation of “giving way” and a 
history of recurrent sprain is the main predisposing 
factor for CAI.2,3 

Currently, patient reported outcome (PRO) question-
naires are primarily used to determine the presence 
of CAI in clinical assessment and research.2 Gribble 
et al2 advocated the use of validated ankle instabil-
ity PRO questionnaires with specific cutoff scores 
in order to determine the presence of self-reported 
ankle instability. Professional organizations, such as 
the National Athletic Trainers’ Association (NATA), 
recommend the use of PRO questionnaires as one 
criterion used to identify patients’ perception of 
ankle instability for return-to-play decision making 
in the management of ankle sprains.5 

The Cumberland Ankle Instability Tool (CAIT), devel-
oped by Hiller et al,6 is recommended and widely 
used to identify patients with CAI.2,5 The CAIT was 
originally developed in English. Previous authors7,8 
have translated and cross-culturally adapted the 
CAIT into Spanish and Brazilian-Portuguese to pro-
vide non-English speaking populations valid and 
reliable versions of the tool. The previous cross-cul-
tural adaptation and validation studies showed high 
internal consistency (Cronbach’s α Spanish=0.77; 
Brazilian-Portuguese=0.86) and reliability (intra 
correlation coefficient Spanish =0.98; Brazilian-Por-
tuguese=0.95), correlation with the original English 
CAIT (rho=0.24, p=0.012) in the Spanish version, 
and good responsiveness, respectively.7,8 Currently, 
there is no valid self-report CAI questionnaire for 
use in Korean speaking populations. 

Therefore, the purpose of this study was to translate, 
cross-culturally adapt, and validate the Cumberland 
Ankle Instability Tool-Korean (CAIT-K) for use in a 
Korean-speaking population with CAI. All validation 
was performed according to the guidelines for cross-
cultural adaptation of self-report measures.9,10

METHODS

The Cumberland Ankle Instability Tool 
(CAIT)
The original CAIT6 consisted of nine items to 
describe the severity of CAI. The items evaluate the 
degree of difficulty experienced when performing 
various activities of daily living and other physical 
activities. The maximum score is 30 with a lower 
score indicating decreased ankle function. Severity 
of ankle disability is thought to increase as the score 
decreases. The original study established a cutoff 
score of ≤ 27 to identify those with CAI.6 Subsequent 
studies have used a range of cutoff scores from 24 to 
27,11,12 including a recently advocated optimal cutoff 
score of ≤ 25.13 The original CAIT showed excellent 
test-retest reliability with the intra-class correlation 
coefficient (ICC2,1 = 0.96) and construct validity and 
internal consistency (α = 0.83).6

Cross-cultural adaptation procedure
The English version of the CAIT was adapted for 
Korean use (CAIT-K) according to the six-step guide-
lines established for cross-cultural adaptation of self-
report measures.10 In addition the accuracy of wording 
and item understanding were tested among partici-
pants bilingual in English and Korean. Korean is a 
relatively homogeneous language, with little regional 
dialect differences, thus one standard was applied.14

Step I: One independent native-speaking Korean 
(the co-investigator and certified athletic trainer) 
translated the CAIT into Korean. 

Step II: Four expert panelists who were native-
speaking Koreans (two certified athletic trainers, 
one sport biomechanist, and one physical educa-
tor) reviewed and proofread the first translation 
of the CAIT-K. These expert panelists and investi-
gators synthesized the first translated version to a 
preliminary CAIT-K version through a consensus 
review. 
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Step III: Two additional people who were native 
English speakers and raised in Korean speaking 
homes translated the preliminary CAIT-K back 
into English. These people were blinded to the 
concept and had no medical background.

Step IV: Investigators and expert panelists reviewed 
all the translations, semantic, idiomatic, and expe-
riential equivalencies to resolve all discrepancies. 
The pre-final version of CAIT-K was amalgamated 
through this process.

Step V: The original English and CAIT-K were 
administered to 23 people who were bilingual in Eng-
lish and Korean who were enrolled in, or working at, 
a large university as a student or faculty member. 
The accuracy of wording and item understanding 
for both the CAIT and CAIT-K were tested. Feedback 
from participants was incorporated into a final ver-
sion of CAIT-K after review and agreement among 
the developers (investigators and expert panel). 

Step VI: The reliability and validity (construct and 
criterion) of the final CAIT-K were tested using 168 
participants with and without chronic ankle insta-
bility at large university in Seoul, Republic of Korea.

Participants
Informed consent was obtained from each partici-
pant as approved by the Institutional Review Board 
(IRB) at the University of Georgia in English for US 
participants and in Korean for Korean participants. 

Bilingual speakers
Twenty three participants between 18 and 65 years 
of age who were bilingual in English and Korean 
were recruited. They must have had completed or 
been enrolled at the time of the study in a bachelor’s 
or higher degree program at an accredited college or 
university in the United States. Participants were not 
required to have a history of ankle sprain or residual 
complaints of instability. For reliability testing, two 
test sessions were scheduled to complete the pre-
final version of CAIT-K in English and in Korean in 
randomized order. The second test was completed 
one week after the first administration.

Native Korean speakers
National level athletes in multiple Olympic sports (168 
total; 21 boxing, 19 fencing, 13 wrestling, 19 judo, 23 

filed hockey, 18 taekwondo, 26 weightlifting, 10 track, 
19 swimming) were recruited for reliability testing of 
the final CAIT-K (Figure 1). Participants had to be 18 
to 35 years of age, speak Korean as a first language, 
and participating in ≥ 90 minutes of physical activity 
per week. The average number of hours participating 
in sports was 36.95 ± 13.45 hours per week. Exclusion 
criteria included: 1) bilateral ankle instability 2) lower 
leg disorders caused by surgery and/or fracture 3) any 
type of other lower extremity injury in the previous 
three months and 4) diagnosis of vestibular disorder, 
Charcot-Marie-Tooth disorder, Ehlers-Danlos, or other 
hereditary nerve, balance or connective tissue disor-
der. Participants were initially classified as “healthy” 
or “unstable ankle” based upon the results of an 
ankle injury history questionnaire that incorporated 
the inclusion/exclusion criteria. The unstable ankle 
group had a CAIT ≤25 indicating decreased function, 
self-reported ≥1 moderate-severe sprain that resulted 
in partial or non-weight bearing for ≥3 days, reported 
“giving way” of the ankle with activity, and had ≥2 
sprains or episodes of giving way in the last year.2 All 
participants were screened based on the inclusion 
and exclusion criteria before they completed the final 
CAIT-K and classified into groups of healthy (n=107) 
and unstable ankles (n=61). Two test sessions were 
scheduled with each participant. Participants com-
pleted the CAIT-K in the first session and within one 
week after the first meeting participants completed 
the CAIT-K again. When the CAIT-K was administered, 
100 participants were in-season, 45 participants were 
in pre-season phase, and 23 participants were in post-
season (off-season) phase. For testing construct valid-
ity, all participants in the study (n = 168) completed 
the CAIT-K as well as the 36-item short-form health 
survey (SF-36) questionnaire in Korean (Figure 1).15,16

One researcher completed all data collection proce-
dures independently. The researcher was blinded to 
the scores of the CAIT-K, CAIT, and SF-36 until the 
end of data collection. All procedures from recruit-
ment to survey completion were done between July 
2013 and January 2014.

Statistical analysis

Bilingual speakers
For bilingual participants, Intra-class Correlation 
Coefficients (ICC2,1) between the English and Korean 
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version of the CAIT were utilized to determine the 
test-retest reliability.17 Cronbach’s alpha coefficients 
were used to determine internal consistency within 
the Korean version of CAIT in right and left limbs, 
respectively.18

Native Korean speakers
For the 168 native Korean speaking participants, 
descriptive statistics were calculated for mean, stan-
dard deviation, and 95% confidence interval (CI). 
Internal consistency of the CAIT-K was assessed with 
Cronbach’s alpha (α) coefficient.18 ICC(2,1) was cal-
culated to determine test-retest reliability between 
the first and second CAIT-K measures.17 Criterion 
validity was also calculated by Spearman’s rank 
correlation coefficient between CAIT-K and SF-36.7 
Construct validity was examined using exploratory 
factorial analysis with the score of the first CAIT-K.7 
Demographics and CAIT-K scores were compared 
between groups using independent samples t-tests 

(α<0.05). All statistical analyses were performed 
through the Statistical Package for the Social Sci-
ences™ 22.0 (SPSS, Inc., Chicago, IL, USA). 

RESULTS
Of the original 289 enrolled participants, 5.2% 
(15/289) of participants met exclusion criteria and 
were not included in the study. Approximately nine-
teen percent (52/274) of participants were lost to 
follow up or injured during the timeframe of data 
collection after the first administration of the CAIT-
K. Additionally, 24.3% (54/222) of participants were 
lost due to incomplete questionnaires. Therefore, a 
total of 168 (58.1%) of 289 participants successfully 
completed all procedures during the study period. A 
total of 61 (36.3%) participants were classified into 
the unstable ankle group and 107 (63.7%) were clas-
sified into the control group (Figure 1). There were 
no significant differences in age and gender between 
control and CAI participants (Table 1) (p<0.05). The 

Eligible participants,
n=289

Excluded participants, n=15
Bilateral Ankle Sprain History (n=15)

Ankle Injury History Questionnaire and CAIT-K
n=274

Excluded participants, n=52
Injured during data collection (n=18)
Lost to follow-up (n=34)

CAIT-K and SF-36
n=222

Unstable ankle
N=61

Healthy control
N=107

Excluded participants, n=54 
Incorrectly completed or incomplete 
questionnaires

Figure 1. Flow chart of eligible native Korean participants. Abbreviations: CAI, Chronic Ankle Instability; CAIT-K, Cumberland 
Ankle Instability Tool-Korean version; SF-36, Short-Form 36
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CAI individuals presented with significantly lower 
mean CAIT-K scores compared to the control group 
during both test sessions (p=0.001) (Table 1). No 
participants experienced adverse events during the 
time of the study. 

Reliability  
For bilingual participants, intra-class correlation coef-
ficients (ICC2,1) between the English and Korean ver-
sion of the CAIT for test-retest reliability were 0.95 
(standard error of measurement [SEM]=1.83) and 
0.96 (SEM=1.50) in right and left limbs, respectively. 
The Cronbach’s alpha coefficients were 0.92 and 0.90 
for the CAIT-K in right and left limbs, respectively.

For native Korean speaking participants, the intra-
class correlation coefficient (ICC2,1) between the first 
CAIT-K and second CAIT-K was 0.94 (SEM=1.72). 
The Cronbach’s alpha for the score of the CAIT-K in 
the first measurement was 0.89. There was no statis-
tically significant improvement in Cronbach’s alpha 
when a particular item was deleted from the scale 
during the data analysis. However, a slight increase 
in the alpha value was observed when the item num-
bers 4, 5, and 9 were omitted (Table 2). 

Criterion and Construct Validity
The CAIT-K showed statistically significant Spear-
man correlation (rho=0.70, p=0.001) with the phys-
ical health component of the SF-36, but no statistical 
relationship (rho=-0.06, p=0.48) with the mental 
health component. 

The Kaiser-Meyer-Olkin score that measures sam-
pling adequacy was 0.87. The Bartlett test of speci-
ficity (p<0.0001) indicated the suitability of the 
sample for exploratory factor analysis. The total 
variance explained was 74.4% (Table 2). Two factors 
were identified as a component matrix. Six items 
were classified into the first factor while item 4, 5 
and 9 were classed as the second factor (Table 3).

DISCUSSION
The CAIT-K was successfully cross-culturally 
adapted and the results indicate that the adaptation 
is reliable, valid, and appropriate for use in a Korean 
speaking population.  

The translation adequately corresponded with the 
original version. No modifications were included, the 
meaning of the items were preserved, and there was 

Table 1. Subject Demographics Mean and Standard Deviation of the Korean Version of the Cumberland Ankle Instability Tool

Number of Age Gender Involved Limb CAIT-K 1st 
Administration* 

CAIT-K 2nd 
Administration* 

Subjects (%) Mean SD Male Female Left Right Mean SD 95% CI Mean SD 95% CI 
CAI 61 (36.3%) 20.3±1.0 39(63.9%) 22(36.1%) 27(44.3%) 34(55.7%) 15.7±2.7 15.0 to 16.4 16.0±3.4 15.1 to 16.9 
Control 107 (63.7%) 20.3±1.1 67(62.6%) 40(37.4%) 26(24.3%) 81(75.7%) 28.9±2.0 28.5 to 29.3 28.3±3.3 27.7 to 28.9 
Total 168 (100%) 20.3±1.1 106(63.1%) 62(36.9%) 53(31.5%) 115(68.5%) 24.1±6.8 23.1 to 25.2 23.8±6.8 22.8 to 24.9 
CAI= Chronic Ankle Instability 
CAIT-K= The Korean version of Cumberland Ankle Instability Tool 
*P≤0.05  

Table 2. Internal consistency and total variance explained through exploratory factor analysis of the CAIT-K
N Mean Variance SD 

Statistic for Scale 9 24.11 45.98 6.78 

 sgnidaoL derauqS fo smuS noitcartxE seulavnegiE laitinI 
Component 

Corrected item: 
Total correlation 

Cronbach’s α  
if item was deleted Total % of variance Cumulative % Total % of Variance Cumulative % 

Item 1 0.80 0.86 4.93 54.76 54.76 4.93 54.76 54.76 
Item 2 0.85 0.86 1.77 19.69 74.45 1.77 19.69 74.45 
Item 3 0.90 0.85 0.71 7.92 82.37    
Item 4 0.39 0.90 0.53 5.91 88.28    
Item 5 0.40 0.90 0.41 4.54 92.82    
Item 6 0.70 0.87 0.25 2.81 95.64    
Item 7 0.85 0.86 0.15 1.66 97.29    
Item 8 0.60 0.88 0.14 1.54 98.83    
Item 9 0.32 0.90 0.11 1.17 100.00    

CAIT-K = The Korean version of Cumberland Ankle Instability 
SD = Standard Deviation 
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complete consensus about the final version among 
the expert panelists. In the native Korean speakers, 
the Cronbach’s α of the questionnaire ranged from 
0.85 to 0.90, which demonstrated a high internal 
consistency.19 In the original version of the CAIT, the 
Cronbach’s α was 0.83, similar to that obtained in the 
present study.6 Additionally, the current Cronbach’s 
is similar to, or higher than, other cross-cultural 
adaptation studies of the CAIT in Spanish (Cron-
bach’s α=0.77) and Brazilian-Portuguese (Cronbach’s 
α=0.86 for right ankles and 0.88 for left ankles).7,8 For 
native Korean speakers, Intra-class Correlation Coef-
ficients (ICC2,1) of the CAIT-K were 0.94 with p=0.001 
(standard error of measurement [SEM] = 1.72), very 
similar to the value (0.95) of the original version of 
CAIT.6 The CAIT-K retained a similar test-retest reli-
ability and internal consistency compared to previ-
ous adaptations of the CAIT in Spanish (ICC2,1=0.98) 
and in Brazilian-Portuguese (ICC2,1=0.95).7,8 The 
test-retest reliability and internal consistency of the 
CAIT-K are considered excellent and presented a high 
level of reliability. These data confirm that the CAIT-
K may be considered as a reliable and stable instru-
ment for the assessment of CAI in Korean speakers.

Criterion validity was assessed using the Spearman 
correlation coefficient between the SF-36 summary 
components and the CAIT-K. The results in the pres-
ent study showed a stronger correlation with the 
physical components than with mental component of 
the SF-36. This supports other studies, which suggests 
that physical function and pain dimensions of SF-36 
seem to be most pertinent in patients with musculo-
skeletal conditions.7,20 In the Spanish version of the 
CAIT, the Spearman correlation coefficient with the 

physical component summary was a lower (rho=0.24, 
p=0.012) than the present study (rho=0.70, p=0.001), 
albeit statistically significant.7 However, the Brazilian-
Portuguese version did not attempt to assess criterion 
validity.8 

To evaluate the construct validity, an exploratory fac-
tor analysis was utilized and two components were 
extracted that explained 74.5% of the total variance. 
From nine total items, six loaded in one factor, and 
items 4, 5, and 9 loaded in the other factor (Table 
3). The Cronbach’s α discussed above was slightly 
increased when items 4, 5, and 9 were deleted. No 
factorial analysis was performed in the original ver-
sion of the CAIT,6 however, a previous cross-cultural 
adaptation study7 also assessed construct validity 
using exploratory factorial analysis and three com-
ponents were identified that accounted for 66.4% of 
the total variance. The authors reported three fac-
tors: usual/daily activities, single leg stance (item 5) 
and lateral hopping (item 6). The exploratory factor 
analysis in the current study demonstrated slightly 
different results for items 4, 5, 6, and 9. In the cur-
rent sample, unstable feelings with single leg stance 
(item 5) was classified into a separate factor from the 
usual and daily activities factor, similar to the pre-
vious study. Unstable ankle feelings with hopping 
(item 6) could be perceived differently depending 
on the physical ability of participants. Sport training 
in national-level athletic participants could require 
agility drills with hopping performance as a part 
of daily warm-up and practice. Thus, hopping is a 
daily activity for them and loaded differently than 
less highly trained participants in other studies. 
Also, the average score of item 9 in the CAI group 

Table 3. Component Matrix: Factor Loadings
tnenopmoC

21
211.0-139.0stuCprahS3metI
502.0-019.0ecafruS7metI
142.0-209.0ytivitcA2metI
292.0-768.0niaP1metI
830.0-987.0gnippoH6metI
312.0-686.0gnilloR8metI
587.0554.0sriatSnwoD4metI
147.0364.0dnatsgelelgniS5metI
206.0293.0gnillorotesnopseR9metI

Note: Values are listed in decreasing order of magnitude for each component, as they are presented in previous 

literature (Spanish CAIT).  These factor loadings indicate correla�on between the variable and the factor, and so 

could range from -1 to +1.  
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in the current study was 2.0±1.3, which indicated 
they returned to normal within one day after injur-
ing their ankle. This rapid response and altered per-
ception may be attributable to better medical care 
or higher pain tolerance than other studies’ par-
ticipants. Elite athletes may have different percep-
tions and expectations of ankle function and pain. 
The authors believe that item 4 (perception of ankle 
instability while going down the stairs) may not be 
taxing to the current participants because it is more 
likely to fall into usual and daily activity. Most items 
were in agreement with responses compared to a 
previous study7, however, a few items differed due 
to the sample populations who performed alterna-
tive activities of daily living. 

Study Limitations
There was some loss of participants due to exclusion 
criteria, loss to follow up, and incomplete question-
naires, but the overall sample appears to be ade-
quately powered based on the results. The majority 
of participants were highly trained athletes who 
usually competed at the national level, and thus the 
findings may not apply to a more general popula-
tion. Additional participants from a variety of back-
grounds and activity levels are necessary in future 
research to test the CAIT-K for reliability and validity 
beyond this population. The CAIT-K was designed 
using a Seoul-dialect which has been the national 
standard for centuries and is still broadly intelligi-
ble for the entire Korean-speaking population. The 
Korean language is relatively homogeneous and the 
dialects from different geographical regions can be 
mutually intelligible.14 Thus, we believe dialects and 
regional differences do not affect the generalizabil-
ity of the CAIT-K, but these results should be vali-
dated with geographically distinct Korean groups. 

CONCLUSIONS
Overall, the CAIT-K demonstrated good psycho-
metric properties and is comparable to the English 
original version and other adaptations in other lan-
guages.7,8 The CAIT-K could be a useful tool in inter-
national CAI research and treatment. The authors 
recommend the CAIT-K for use by Korean clinicians 
and researchers with Korean speaking populations. 
Future research should examine cutoff scores and 
minimum detectable change (MDC) values for the 

CAIT-K based on various physical levels. Developing 
cutoff scores and MDC values for the CAIT-K will 
enhance the usefulness of this tool for clinicians and 
researchers. 
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ABSTRACT
Background: The Advanced Throwers Ten Exercise Program incorporates sustained isometric contractions in conjunction with 
dynamic shoulder movements. It has been suggested that incorporating isometric holds may facilitate greater increases in muscu-
lar strength and endurance. However, no objective evidence currently exists to support this claim.

Hypothesis/Purpose: The purpose of this research was to compare the effects of a sustained muscle contraction resistive training 
program (Advanced Throwers Ten Program) to a more traditional exercise training protocol to determine if increases in shoulder 
muscular strength and endurance occur in an otherwise healthy population. It was hypothesized that utilizing a sustained isomet-
ric hold during a shoulder scaption exercise from the Advanced Throwers Ten would produce greater increases in shoulder strength 
and endurance as compared to a traditional training program incorporating a isotonic scapular plane abduction (scaption) 
exercise.

Study Design: Randomized Clinical Trial.

Method: Fifty healthy participants were enrolled in this study, of which 25 were randomized into the traditional training group 
(age: 26±8, height:172±10 cm, weight: 73±13 kg, Marx Activity Scale: 11±4) and 25 were randomized to the Advanced Throwers 
Ten group (age: 28±9, height: 169±23 cm, weight: 74±16 kg, Marx Activity Scale: 11±5). No pre-intervention differences existed 
between the groups (P>0.05). Arm endurance and strength data were collected pre and post intervention using a portable load cell 
(BTE Evaluator, Hanover, MD). Both within and between group analyses were done in order to investigate average torque (strength) 
and angular impulse (endurance) changes. 

Results: The traditional and Advanced Throwers Ten groups both significantly improved torque and angular impulse on both the 
dominant and non-dominant arms by 10–14%. There were no differences in strength or endurance following the interventions 
between the two training groups (p>0.75).

Conclusions: Both training approaches increased strength and endurance as the muscle loads were consistent between protocols 
indicating that either approach will have positive effects. 

Level of Evidence: Level 2

Keywords: Angular Impulse, abduction strength, Thrower’s 10 exercise program
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INTRODUCTION
The use of the overload principle as the foundation of 
progressive resistive training programs is well estab-
lished.1,2 According to the overload principle, an indi-
vidual must gradually increase stresses placed upon 
the body during exercise training in order to enhance 
muscular performance.2 Evidence supports the use of 
progressive isotonic exercises utilizing the overload 
principle for facilitating strength gains in the upper 
extremity.3 Exercise guidelines have been developed 
that consider the type of muscle action (i.e. concen-
tric, eccentric, isometric) as well as the volume (sets, 
repetitions, and load) in order to achieve desired out-
comes.4 Most exercise programs incorporate the use 
of isotonic exercise, with both concentric and eccen-
tric muscle actions. The use of isometric contractions 
during exercise often plays a secondary/stabilization 
role and is commonly incorporated into rehabilita-
tion programs in which range of motion is limited 
and/or contraindicated. However, the duration of a 
hold or isometric portion of the muscle contraction 
during exercise is not well described in the strength 
and endurance training literature.2,5 

The Throwers Ten Exercise Program was originally 
described as a series of exercises specific to the throw-
ing athlete designed to improve strength, power, 
and endurance of the shoulder complex.6 Wilk et al., 
recently published an altered version of this program, 
titled the Advanced Throwers Ten Exercise Program 
that incorporates varying levels of sustained isometric 
holds in an effort to combat muscular fatigue associ-
ated with upper extremity injuries in overhead ath-
letes.7 For example, one set of exercises are performed 
with one arm remaining isometrically contracted at 
the end of the concentric phase while the other arm 
performs concentric/eccentric movement. The fol-
lowing set incorporates alternating concentric and 
eccentric movement with both arms while main-
taining a sustained contraction on one arm during 
the lowering phase of the opposite arm. It has been 
suggested that incorporating sustained isometric 
holds will enhance muscle activation and facilitate 
increases in muscular strength and endurance while 
producing dynamic stabilization.7 However, to date, 
no research is available to support this premise. There 
is some supporting evidence that sustained isometric 
contractions can have a positive impact on muscular 
hypertrophy.8 Danneels et al randomized patients 

with chronic low back pain into one of two groups, a 
standard training group or a dynamic-static group that 
incorporated a five second isometric contraction dur-
ing a core exercise program. The cross-sectional area 
of the mulitifidus was measured using standardized 
transaxial computed tomography images pre and post. 
Patients in the dynamic-static group demonstrated a 
significant increase in hypertrophy in the multifidus 
musculature at the end of the 10-week training pro-
gram.8 Although muscular strength or endurance was 
not the primary outcome measure, the results of this 
study provide some evidence that incorporating sus-
tained isometric contractions facilitates muscle hyper-
trophy in a small static stabilizing muscle group. 

The theoretical approach put forth by Wilk and col-
leagues7 of using a sustained contraction to further 
train shoulder musculature has reasonable physi-
ological support.8,9 Currently, the authors could not 
find published literature that investigated whether 
use of a sustained muscle contraction during exer-
cise can have a meaningful change in strength or 
endurance over pre-established progressive resis-
tive exercise protocols. Therefore, the purpose of 
this research was to compare the effects of a sus-
tained muscle contraction resistive training pro-
gram (Advanced Throwers Ten Program) to a more 
traditional exercise training protocol to determine if 
increases in shoulder muscular strength and endur-
ance occur in an otherwise healthy population. 
Thus, it was hypothesized that the Advanced Throw-
ers Ten Program would produce greater increases 
in shoulder muscular strength and endurance com-
pared to a traditional isotonic training program. 

METHODS

Participants
A total of 96 healthy adult volunteers inquired about 
the research, contacting the primary investigator by 
phone or email (Figure 1, Table 1). Potential subjects 
were excluded from the study if one of the following 
criteria were met: 1) shoulder or neck pain within 
the prior 6 months, 2) past history of shoulder or 
neck fractures, and 3) past history of shoulder or 
neck surgeries. Eligible subjects read and signed 
University of Kentucky Institutional Review Board 
approved consent forms prior to initiating the study. 
All testing was performed in the Musculoskeletal 
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Laboratory at the University of Kentucky and Berea 
College Athletic Training Room from July 2013–
February 2015. 

Subjects filled out demographic information and the 
Marx upper extremity activity survey in order to eval-
uate the current level of upper extremity activity.10 

The Marx activity survey is an activity rating scale 
that gives a numerical sum of scores, on a scale of 
0–20, for five activities rated on a five point scale from 
never performed (0) to daily (4).10 This scale has been 
found to be reliable (ICC = 0.92), and the develop-
ers concluded that a score ≤ 6 represents low activity, 
7–15 average activity, and ≥ 7 high activity. Results 
of the Marx activity scale and demographic informa-
tion was compared using a t-test and demonstrated 
that the randomization process generated two similar 
groups (Table 1).

Sample size was determined from pilot data from six 
subjects (three in each group) undergoing the two 
training programs for six weeks. A univariate two-
group repeated measures analysis of variance was 
implemented with 80% power in order to detect an 
interaction between the two groups using average 
torque as the primary outcome. With significance set 
at a level 0.05 it was determined that a sample size 
for each group was 25 subjects. (NQuery + nTerim 
2.0, Statistical Solutions, Saugues, MA) 

Design
This study was a two-group, pre-test/post-test ran-
domized clinical trial. Following initial average 
torque (strength) and angular impulse (endurance), 
subjects followed a six-week exercise program per-
formed primarily at home. The arm was measured 
in abduction of 90° in the scapular plane, 30° ante-
rior to the frontal plane (scaption).

Isometric Testing
Prior to testing, intersession reliability was estab-
lished and intraclass correlation coefficient (ICC), 

Figure 1. Consort fl ow diagram.

Table 1. Participant Demographic Information reported as mean and stan-
dard deviations. Signifi cance reported as probability from an Independent T-test

gniniarTlanoitidarT
Group 

Advanced Throwers 
Ten Group 

p-Value 

Age (years) 26 ± 8.1 28 ± 8.6 0.28

Height (cm) 172 ±10.2 170 ± 23.5 0.61

Mass (kg) 73 ±13 74 ± 16 0.70

Arm Length Right (cm)  56 ± 4.6 56 ± 3.8 0.97

Arm Length Left (cm) 56 ± 4.6 56 ± 3.7 0.89

MARX Upper 
Extremity Activity 
Score 

11 ± 3.9 12 ± 5 0.51
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standard error of measure (SEM), and minimal 
detectable change (MDC) were calculated for aver-
age torque (ICC =0.96, SEM = 3.2Nm, and MDC = 
4.5 Nm), and angular impulse (ICC = 0.95, SEM = 
90.2 Nm*s, and MDC = 127.7 Nm*s) using a portable 
load cell (BTE Evaluator, Hanover, MD). Therefore, 
gains greater than or equal to 5Nm and 128Nm*s 
in torque and angular impulse, respectively, were 
considered to be a meaningful change. All subjects 
warmed up using a series of arm motions (2 sets 
of 10) and shoulder stretching exercises (2 sets of 
30 seconds) for approximately three minutes. The 
arm motions included bilateral arm scapular plane 
abduction (scaption) to 90°, shoulder stretches 
across body for the posterior shoulder, and behind 
the head for anterior shoulder. The testing proce-
dures were explained, and subjects’ arm length was 
measured bilaterally from the tip of the acromion 
process to the radial styloid process. This was done 
in order to convert the force generated during the 
isometric strength testing to torque, by multiply-
ing the forces generated in Newtons by the subject’s 
lever arm, which was measured in meters. 

Isometric shoulder torque and angular impulse 
was measured in the position of arm abduction of 
90° in the scapular plane, 30° anterior to the fron-
tal plane (scaption) using a portable load cell (BTE 
Technologies Inc, Hanover, MD) for a duration of 30 
seconds on both the dominant and non-dominant 
arms. The average torque generated over the first 
five seconds of the two 30-second maximal effort tri-
als for each arm represented shoulder strength as 
measured using isometric torque. The average angu-
lar impulse over the entire 30 seconds of the two 
30-second maximal effort trails for each arm repre-
sented shoulder endurance. An impulse represents 
the amount of force multiplied by the time that the 
force is exerted.11,12 This represents the integral or 
area under the curve of the force applied, and is 
referred to as angular impulse. The area under the 
curve represents the total work done, which is used 
as a measure of endurance.13,14 The calculation for 
angular impulse is detailed in the data reduction 
section. 

All participants were tested in an upright standing 
position with the portable load cell connected to an 
inelastic plastic chain that was connected to the par-

ticipant’s wrist at the radial styloid process with a 
black velcro strap. The strap could be adjusted and 
modified to fit each participant’s wrist size (Fig-
ure 2). Once connected, subjects were moved into 
abduction of 90° in the scapular plane, 30° anterior 
to the frontal plane. All positions were confirmed 
with a standard goniometer. Each arm was tested 
twice with a two-minute rest between tests.4 Sub-
jects were instructed to lift up against the resistance 
as hard as they could for 30 seconds. During test-
ing subjects were given no verbal encouragement 
or visual feedback, as past literature suggests that 
the use of either can bias strength testing values.15,16 
Researchers only provided feedback relating to cor-
rect posture and arm position if necessary. The test-
ing sequence was the same for all subjects during 
pre- and post-testing. 

Randomization and Blinding
All participants were randomly assigned into one 
of two treatment groups; the traditional training 
group (group 1) or the Advanced Throwers Ten 
group (group 2). An independent investigator on the 
research team utilized Excel (Microsoft, Redwood, 
WA) to generate random numbers to create group 
assignment sequence. The random numbers corre-
sponding to the treatment groups were placed in a 

Figure 2. Testing position using portable load cell.
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sealed opaque envelope until the initial testing ses-
sion was complete blinding the investigator from 
group membership during initial pre-test measure-
ments. After the initial testing session the sealed 
envelope was opened and the subject was placed 
in one of the two treatment groups. Therefore the 
investigators were not blinded to treatment groups 
at post-testing due to logistics of testing.   

Intervention
The exercise chosen for both groups were shoulder 
scaption, described as the arm abducted to 90° and 
in the plane of the scapula, 30° anterior to the fron-
tal plane. This exercise was selected for this study 
as it is part of the both the advanced and traditional 
throwers ten program, and electromyographic evi-
dence supports that the deltoid and rotator cuff 
muscles are activated in this position making it a 
common exercise prescribed in rehabilitation and 
prevention programs.17-19 

Scaption exercises were performed with the subject 
in a standing position elevating the arm to 90°. The 
participants used specific resistance loads based 
on the peak force generated during the pre-testing 
session. Participants starting weight was calculated 
using 15% of their maximum force during the initial 
testing session. Researchers then progressed each 
individual linearly by 25% each week during the 
six-week intervention.20 Participants were provided 
resistive weights if they did not have equipment 
available. 

Detailed descriptions of each training program can 
be found in Table 2. Each participant was instructed 
to complete the exercises four times per week. Partic-
ipants were asked to refrain from any upper extrem-
ity weight-training or workouts over the course of 
the study and this was reiterated to each participant 
at all follow-ups. Researchers contacted participants 
each week by phone to assure the exercises were per-
formed in the correct manner and being progressed 
appropriately. Participants were given an exercise 
log and asked to record repetitions, resistive loads, 
exercise compliance, and their perceived difficulty 
when they completed the exercises. Both groups had 
above a 95% compliance rate throughout the dura-
tion of the study. The BORG scale was used to gauge 
perceived exertion. The scale ranges from 0-10, 

beginning a level of “no feeling of exertion” and con-
tinues to level of “near maximum, very, very hard.” 
A score of zero denotes no perceived exertion and a 
score of 10 denotes near maximum perceived exer-
tion, with varying levels in between.21 The BORG 
scale was used in this study to gauge the individuals 
perceived level of exertion each day they performed 
the training program, with respect to gradual load 
increases. It was also used as a tool to monitor if 
a subjects load progression should be increased or 
decreased. If participants reported scores of 2–3 and 
no soreness in the first two days of exercise they 
were progressed to the next recommended load. If 
subjects continuously reported scores between 9-10 
they remained at that load for another week. 

Data Reduction
The raw data from the BTE software was exported 
and placed with subject specific data into an excel 
document. A template was created that allowed the 
researchers to calculate average torque and angular 
impulse for each trial. The average torque for the 
two trials for each arm were averaged together and 
recorded and represents strength. Angular Impulse, 
or area under the curve, indicated the total effort 
applied for the 30-second effort and represents 
endurance. Every 1.56 seconds (6 hz) data was gath-
ered from the load cell in the form of pounds. Pounds 
were converted to Newtons and each participant’s 
arm length was recorded in meters allowing for the 
force generated to be converted into torque (Nm). 
The resultant of the torque value and the duration 
of the effort (30 second time window) is represented 
by Nm*s. The total area under the curve was calcu-
lated using the trapezoidal method, which calculates 
individual impulses over the total time duration. 
The summations of each of the adjacent trapezoids 
were summed in order to calculate total area under 
the curve.11 Therefore, an increase in the area under 
the curve from pre to post test represented gains in 
muscular endurance.  

Statistical Analysis
To determine between group differences, torque 
and angular impulse percent change scores were 
analyzed using separate Mann-Whitney U tests for 
both the dominant and non-dominant arms. Per-
cent change was calculated for torque and angu-
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lar impulse using the following equation for each 
participant.

(posttest value-pretest value)/pretest value*100.

The Mann-Whitney U test compares the mean rank 
scores of the two groups to determine differences 
between the groups. In order to analyze within group 
changes for raw torque and angular impulse data 
four separate Wilcoxon Signed Rank Tests for both 
the dominant and non-dominant arms were utilized. 
These non-parametric tests were used because the 

data were not normally distributed as determined by 
a Shapiro-Wilk Test (p < 0.001). All data were ana-
lyzed using Statistical Package SPSS version 21 [IBM 
Corp. Armonk, NY, USA]. A α level of p ≤ 0.05 was 
considered significant for all statistical analyses.

RESULTS
Torque and angular impulse improved in the major-
ity of all measures across time (Table 3). Torque and 
angular impulse on both the dominant and non-
dominant arms improved in both the traditional 

Table 2. Six-week Exercise Intervention Protocol for both Training Groups
Traditional Training Group 

Exercise Protocol Set Repetitions
Bilateral isotonic scaption 

to 90° 

513

etunim1tseR

Bilateral isotonic scaption 

to 90° 

513

09emulovlatoT

Advanced Throwers Ten Group 

Bilateral isotonic scaption 

to 90° 

011

Isotonic scaption with the 

right arm with sustained 

hold on the left arm at 90° 

scaption* 

011

Isotonic scaption with the 

left arm with sustained 

hold on the right arm at 

90° scaption* 

011

Scaption with alternating 

left and right arm lifts to 

90° 

021

etunim1tseR

Bilateral isotonic scaption 

to 90° 

011

Isotonic scaption with the 

right arm with sustained 

hold on the left arm at 90° 

scaption* 

011

Isotonic scaption with the 

left arm with sustained 

hold on the right arm at 

90° scaption* 

011

Scaption with alternating 

left and right arm lifts to 

90° 

021

001emulovlatoT

*The sustained hold was dependent on the length of time it took the participant to 

complete the 10 repetitions of the isotonic movement on the opposite side.   
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and advanced throwers ten groups between 10–14% 
suggesting that both approaches can have positive 
implications (Table 4). There were no significant 
differences in torque generated by the dominant 
arm (p = 0.92) or the non-dominant arm (p = 0.85) 
following the interventions between the training 
groups. Likewise, there were no significant differ-
ences in angular impulse generated by the domi-
nant arm (p = 0.79) or the non-dominant arm (p = 
0.75) between the training groups (Table 4). 

DISCUSSION
The advanced throwers ten was designed to enhance 
strength, endurance, and dynamic stability for 
return to interval sport training.7 However, it is cur-
rently unknown if improvements in strength and 
endurance occur following the advanced throwers 

ten program. Therefore, the current study investi-
gated the effect of a six-week exercise program con-
sisting of two different training programs. It was 
hypothesized that incorporating sustained isometric 
holds into a commonly prescribed shoulder scaption 
exercise would have significantly greater gains in 
muscle strength and endurance when compared to a 
traditional isotonic scaption exercise. There were no 
between-group differences; however, the traditional 
group increased strength and endurance by 13% and 
12%, respectively. Similarly the advanced throwers 
ten group improved strength and endurance by 11% 
and 12%, respectively. 

The evidence to support incorporating sustained 
contractions into basic strength training regimes 
should not be underestimated. There is evidence 

Table 3. Median and interquartile range (IQR) for all dependent measures within pre- and 
post-test data for both group

Group Pre-test Post-test p-Value 

Torque Dominant Arm 

Traditional 29.16 (21.7-40.8 Nm) 30.81 (28.1-47.0 Nm) p = 0.001 

Advanced Throwers Ten 41.07 (22.0-46.1 Nm) 40.62 (26.0-55.4 Nm) p = 0.006 

Torque Non Dominant Arm 

Traditional 29.22 (22.2-41.2 Nm) 30.86 (28.7-46.2 Nm) p = 0.005 

Advanced Throwers Ten 34.42 (24.0-45.3 Nm) 42.99 (28.7-52.1 Nm) p = 0.003 

Angular Impulse Dominant Arm 

Traditional 667.41 (516.7-1007.6 Nm*s) 750.44 (610-1123.0 Nm*s) p = 0.001 

Advanced Throwers Ten 989.32 (568.5-1228.9 Nm*s) 1066.64 (707.9-1393.1 Nm*s) p = 0.002 

Angular Impulse Non Dominant Arm 

Traditional 721.09 (508.4-999.1 Nm*s) 762.17 (620.7-1078.8 Nm*s) p < 0.001 

Advanced Throwers Ten 925.62 (578.8-1204.5 Nm*s) 931.89 (735.4-1254.5 Nm*s) p = 0.005 

Table 4. Median % Change and interquartile range (IQR) for all dependent measures 
between groups

eulaV-pneTsreworhTdecnavdAlanoitidarT

Toque Dominant Arm 12.26 (-1.8 – 22.6%) 10.53 (0.5 – 29.7%) p = 0.92 

Torque Non Dominant Arm 13.04 (-3.3 – 23.7%) 11.89 (1.3 – 30.9%) p = 0.85 

Angular Impulse Dominant Arm 14.82 (-0.7 – 31.7%) 11.67 (4.0 – 21.5%) p = 0.79 

Angular Impulse Non Dominant Arm 10.08 (4.4 – 33.9%) 11.33 (-2.7 – 26.0%) p = 0.75 

Note:  All values represent an increase in median % change 
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over a small time period.30 Endurance measures the 
ability of a muscle to sustain a contraction at maxi-
mal or submaximal effort over time.30 Another way 
to interpret endurance would be the ability a muscle 
has to sustain work. Work is the force multiplied by 
the distance moved.  An impulse is similar to work, 
as it is the force generated by a muscle multiplied by 
the time the force is applied.11,12 A sustained maxi-
mal contraction of shoulder abduction for 30 seconds 
would represent a measure of shoulder endurance. 
For this study, angular impulse was measured by 
using the torque generated during abduction multi-
plied by time, 30 seconds. This measure represents 
the total work performed during the entire 30 sec-
onds of maximal abduction. Angular impulse or total 
work represents the muscles’ ability to sustain a con-
traction during the entire time that force is being gen-
erated.13,14 This measure would evaluate the ability 
of an individual to abduct maximally for prolonged 
time. This measure is likely to be more representa-
tive of a functional demand in which someone would 
have sustained a contraction for 30–60 seconds such 
as installing drywall with a drill while building a 
house. Maximal strength alone only describes the 
single highest value obtained momentarily.

There is variability seen in percent change scores 
when investigating muscular total work or endurance 
across the current body of literature. Glenohumeral 
rotation total work as assessed using an isokinetic 
dynamometer has been shown to increase by 40% 
following a strength-training program.29 This increase 
was nearly four times greater than those seen in the 
current study, and is more than likely contributed to 
differences in training volume during the protocol. 
The protocols in this study had a total daily training 
volume ranging between 90-100 repetitions while 
the volume in Niederbracht’s study was 225 repeti-
tions. However, the current study demonstrated simi-
lar endurance gains to Campos et al, as individuals’ 
improved muscular endurance by 10% when partici-
pating in a lower extremity-training regime with exer-
cise parameters consisting of 3 sets of 11 repetitions.5 

When designing this clinical trial the researchers con-
trolled for the total volume of training by establish-
ing the total time on muscle tension for the anterior 
and middle deltoid. This was done through a pilot 
study conducted before the start of this research that 

that in a small stabilizing muscle group that percent 
changes as high as 7% occur when assessing muscu-
lar hypertrophy in the lumbar multifidus following 
a 10-week training program incorporating sustained 
holds.8 Although the researchers did not measure 
strength directly, hypertrophic changes in both the 
upper and lower extremity have been shown to cor-
relate with increases in muscle strength.22,23 Strength 
and hypertrophic changes have also been shown to 
accompany one another following resistance-train-
ing protocols.24,25 Furthermore, sustained isometric 
holds increase motor unit recruitment9,26 which may 
also help explain hypertrophic changes in muscle. 
Therefore incorporating sustained holds during 
exercise may provide physiological changes to the 
targeted muscle group(s). 

Strength gains of 12% in the current study are similar 
to one strength training study despite methodologi-
cal differences in strength measures. In trained ath-
letes strength has been shown to improve between
12–15% over a 12-week period.27 Although, this study 
did not focus on trained athletes, individuals were 
considered moderately active on the MARX activity 
scale.10 Traditionally, strength gains are observed in 
programs focusing on low repetitions and high resis-
tance as initially suggested by the classic work of 
DeLorme.28 However, the current study investigated 
strength gains utilizing a high number of repetitions 
with low resistance, which targets muscle endur-
ance.28 Despite, DeLorme’s suggestions on strength 
and endurance intensity and volume training param-
eters, documented upper extremity strength gains 
have been shown to be as large as 25% following 
dynamic shoulder activity with prescribed exercise 
parameters consisting of three sets of 15 repetitions 
(traditionally thought to train muscular endurance).29 
Therefore, it is reasonable to suspect that an indi-
vidual can acquire improvements in strength even 
when implementing a training protocol that is dosed 
using parameters more traditionally associated with 
endurance training. The results of this study demon-
strate that while a training program may emphasize 
an endurance protocol, there are additional benefits 
of improving muscular strength as well. 

Measuring endurance in addition to strength was an 
important component of the current study.  Strength 
measures a muscle’s ability to perform maximally 
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participants’ honesty regarding exercise compliance 
and avoidance of additional upper extremity weight-
training. However, all participants completed a 
weekly exercise compliance log and were reminded 
to avoid upper extremity weight-training at each 
follow-up appointment. Furthermore, although all 
participants were instructed to perform the exer-
cises continuously (i.e. no rest between repetitions), 
it is possible that some participants performed the 
repetitions slower than others, thus performing a 
greater volume of work. Future studies should incor-
porate the use of a metronome during exercise to 
avoid this possibility. Incorporating a supervised 
training session under a personal trainer has been 
shown to elicit greater gains in strength compared 
to unsupervised training in moderately training 
men; however, both modes of training have shown 
to improve strength by more than 20%.31 Lastly, the 
starting weight of 15% of the peak force generated 
may not have stimulated enough muscular demands 
to illicit early changes in strength and endurance. 
Future studies should consider increasing the start-
ing weight to be equivalent to 20–25% of peak ini-
tial force. Because both exercise programs produced 
strength gains, future research should be conducted 
to investigate a combination of exercises from the 
two programs with respect to overhead athletes. 

CONCLUSION 
The current study is one of the first studies to inves-
tigate the use of sustained isometric exercises in 
comparison with traditional isotonic training exer-
cises in the shoulder. Given the results, either set of 
exercises can be used to improve shoulder strength 
and endurance. Both sets of exercises are time effi-
cient in that they only take five minutes to perform. 
The advanced throwers ten exercise investigated in 
this study provides variation to a commonly pre-
scribed scaption exercise that may reduce boredom 
while training. In addition, incorporating sustained 
isometric holds during exercise may be beneficial 
for overhead athletes that must maintain elevation 
over an extended period of time as such exercises 
may reduce the likelihood of fatigue. 
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utilized EMG activity during exercises that would be 
implemented during the intervention. This allowed 
researchers to ensure that each training program 
would produce similar total work values to prevent 
one group from working more than the other and 
having greater potential for gains in strength and/
or endurance. The results of this study support that 
the total amount of work completed by each train-
ing program was similar. Consequently, this may be 
one reason why the researchers did not discover any 
between group differences. 

Regardless of non-significant group differences, 
both groups had some participants that achieved 
improvements beyond measurement error in mus-
cular strength and endurance across a six-week 
intervention. The authors acknowledge that mean-
ingful improvements were not seen in the overall 
pre- to post- intevention scores within each of the 
groups (Table 3); rather, certain individuals exceeded 
the numerical value that represented a clinically 
relevant change in muscular strength and endur-
ance while others did not. Fifteen participants dem-
onstrated meaningful changes in either strength 
or endurance on the dominant and non-dominant 
arms. Of those 15 participants, nine increased in 
both strength and endurance, five participants 
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ABSTRACT
Background: Professional swimmers are often affected by a high number of injuries due to their large amount of 
training. The occurrence of musculoskeletal pain during an important tournament has not been investigated.

Objective: The objective of the study was to assess the prevalence of musculoskeletal pain and its characteristics in 
professional swimmers. Secondary objectives included evaluating the swimmers’ injury history over the previous 12 
months, and examining the association of the presence of pain with personal and training characteristics of the 
swimmers.

Design: Observational, cross-sectional study

Method: Two-hundred and fifty-seven swimmers who participated in the Brazilian Swimming Championship were 
included in the study and answered a questionnaire about personal and training characteristics, presence of pain, and 
injuries in the previous 12 months. The relative risk of presence of pain was calculated for the following variables: 
gender, BMI, stroke specialty, swimmer’s position, strength training, practice of another physical activity, and previ-
ous injuries. 

Results: The prevalence of musculoskeletal pain was about 20%, with 60% of swimmers reporting at least one injury 
in the previous 12 months. The shoulder was the most commonly affected region and tendinopathy was the most 
common type of previous injury. No significant relationships were found between the presence of pain and personal 
or training characteristics.

Conclusions: The results demonstrated that the prevalence of musculoskeletal pain in professional swimmers par-
ticipating in the most important Brazilian national tournament was approximately 20%, while the majority of partici-
pants reported previous injuries in many areas.

Level of Evidence: 2c

Keywords: Aquatic sports, epidemiologic studies, injuries, swimming
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INTRODUCTION
Swimming is broadly practiced around the world and 
people of all ages participate. The participants in this 
sport look for wellness and prevention of systemic dis-
eases, principally in the cardiorespiratory system.1 How-
ever, the high exposure to practice of swimming may be 
a risk for the integrity of musculoskeletal system.2 The 
number of musculoskeletal injuries related to swimming 
may be an important consideration, mainly among pro-
fessional swimmers, because they are more exposed by 
their amount of training compared to amateur swim-
mers.2-5 Professional swimmers can swim around 10 to 
14 kilometres a day, depending on stroke specialty and 
whether they are sprinters or distance swimmers.6 In 
the United States, it is estimated that in the last 25 years 
a total of 42000 swimmers competed at the elite level of 
the National Collegiate Athletic Association (NCAA).7 In 
the Federation Internationale de Natation (FINA) World 
Championship (2009), a total of 2592 athletes from 172 
countries participated in the event.8

Despite the apparently high injury rates in swimming, 
few epidemiologic studies are found in the literature. 
Available studies usually evaluate injuries in specific 
joints, particularly the shoulder complex, specific 
stroke specialties, or injuries related to the biomechan-
ics of the sport.6,9-14 Information about injuries in swim-
mer who participate in elite tournaments is scarce. 8,13,15 

Until now, to the authors knowledge, no studies have 
investigated the presence of musculoskeletal pain in 
swimmers competing in a large national tournament. 
Thus, the objective of the present study was to assess 
the prevalence of musculoskeletal pain and its char-
acteristics in professional swimmers that participated 
from Brazilian Swimming Championship. Secondary 
objectives included evaluating the swimmers’ injury 
history over the previous 12 months, and to examining 
the association of the presence of pain with personal 
and training characteristics of the swimmers.

METHODS
This cross-sectional study utilized swimmers who par-
ticipated in the Brazilian Swimming Championship 
(39th Troféu José Finkel Edition, 2010) that occured 
in a short course pool (25 meters). The participants 
could only participate of the event if they achieved a 
qualifying time established by the Brazilian Aquatic 
Sports Federation. All 430 swimmers participants in 

the event were invited to participate in the study. If 
the participants accepted, they signed the consent 
form in accordance with the study’s requirements 
and were included in the study.

A questionnaire was developed, in which participants 
were asked about: 1) personal characteristics (age, 
gender, weight, height and swimming experience); 2) 
training routine (weekly distance training, stroke spe-
cialty, athlete’s position, practice of another physical 
activity, and strength training); 3) presence of current 
musculoskeletal pain, pain characteristics, pain ana-
tomic region, situation that caused the pain (practice 
or competition); and 4) injury history over the previ-
ous 12 months, with details regarding the respective 
situation, type, and region of injury. The following 
operational definition of injury used was: any muscu-
loskeletal disorder related to swimming in previous 12 
months, severe enough for the swimmer to seek med-
ical attention or to prevent the swimmer from per-
forming at least one training session or competition.16

The swimmer’s position was defined as sprinter (if 
they typically competed in races of 200 metres or 
less) or distance (if they typically competed in races of 
greater than 200 metres). The swimmer’s stroke spe-
cialty was classified according to the races they com-
peted in (freestyle, backstroke, breaststroke, butterfly, 
and medley) and participants must to choose only one 
stroke specialty of his preference. Regarding presence 
of pain, athletes were asked if they were suffering any 
current pain of musculoskeletal origin, as well as the 
pain characteristics. To better identify the type and 
anatomic region of pain and previous injuries, a pre-
defined list used by previous studies was adopted.17-19 

This study was approved by the Ethics Committee 
of the University of the City of São Paulo and also 
received approval from the Medical Department 
of the Brazilian Aquatic Sports Federation in accor-
dance with the Helsinki Declaration of 1975 and the 
guidelines of Harris and Atkinson.20 All participating 
athletes signed the consent form in accordance with 
the study’s requirements.

Statistical Analysis
The description of participants’ personal and training 
characteristics was descriptively analyzed using fre-
quency distribution and percentages for categorical 
data (gender, body mass index [BMI], stroke specialty, 
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swimmer’s position, strength training, and previous 
injuries). Swimmers were categorized as freestyle or 
non-freestyle, and more than half of the participants 
had freestyle as their stroke specialty. Continuous 
data (age, height, weight, swimming experience, and 
weekly distance) were reported in mean and stan-
dard deviation, since all data presented in a normal 
distribution. Normality evaluation of continuous 
data was done through a curve symmetry analysis.

For categorical data comparison, the Chi-squared 
Test was utilized. For continuous data comparison, 
the Students t-test for independent samples was 
used. The relative risk of presence of pain was also 

calculated for the following variables: gender, BMI, 
stroke specialty, swimmer’s position, strength train-
ing, practice of another physical activity (another 
modality besides the swimming), and previous inju-
ries. For all analyses, a 95% significance level was 
regarded as statistically significant and the analyses 
were performed using SPSS 17.0.

RESULTS
Two hundred and fifty-seven (59.8%) swimmers 
accepted the invitation to participate in the study 
and completed the questionnaire. The description of 
swimmers’ personal and training characteristics are 
presented in Table 1.

Table 1. Characteristics of swimmers included in the study

Total (n= 257) Male (n = 140) Female (n = 117) 

Age (years) 20.1 (3.8) 20.6 (3.7) 19.4 (3.9) 

Height (cm) 176.2 (14.4) 181.5 (16.8) 169.9 (6.9) 

Weight (kg) 70.4 (12) 77.7 (9.9) 61.6 (7.7) 

BMI 

≤ 25 92.6% (238) 88.5% (123) 98.3% (115) 

)2(%7.1)61(%5.11)91(%4.752>

Swimming experience (years) 13.2 (4.7) 13.6 (4.7) 12.6 (4.8) 

Stroke specialty 

     Freestyle 41.6% (107) 40% (56) 43.6% (51) 

     Backstroke 18.3% (47) 16.4% (23) 20.5% (24) 

     Breaststroke 15.6% (40) 18.6% (26) 12% (14) 

     Butterfly 13.2% (34) 13.6% (19) 12.8% (15) 

     Medley 11.3% (29) 11.4% (16) 11.1% (13) 

Position 

     Distance 32.7% (84) 33.6% (47) 31.6% (37) 

     Sprinter 67.3% (173) 66.4% (93) 68.4% (80) 

Week distance (km) 57.1 (29.9) 59.7 (32.5) 53.9 (26.4) 

Strength training 

     Yes 93.4% (239) 94.3% (132) 91.5% (107) 

)01(%5.8)8(%7.5)81(%6.6oN

Another physical activity 

)91(%2.61)32(%4.61)24(%3.61seY

     No 83.7% (215) 83.6% (117) 83.8% (98) 
Continuous data are expressed in mean and standard deviation, and categorical data are expressed in 
percentage and number of participants. 
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The prevalence of musculoskeletal pain among 257 
swimmer participants was 21% (n=54). The pain 
was most frequent during swimming practice but 
without performance limitation or after swimming. 
Around 70% of athletes reported that the pain was 
derived from training sessions. The anatomic region 
most commonly affected by pain was the shoulder, 
followed by the low back. Additional information 
about pain characteristics reported by the swimmers 
is provided in Table 2.

A total of 144 swimmers (56%) reported previous 
musculoskeletal injuries in the previous 12 months. 
Table 3 shows a description of previous injuries’ 
characteristics. Around 60% of previous injuries 
affected the upper extremities, and the shoulder 
was the anatomic region most commonly affected in 
both genders (males, 41.4%; females, 48%). The sec-
ond region most affected by previous injuries was 
the knee and tendinopathy was the most common 
type of knee injury most reported by swimmers.

Table 2. Prevalence and description of current pain reported by the swimmers
Total  Males Females 

Presence of pain (n=257) 

)52(%4.12)92(%7.02)45(%12seY

     No 79% (203) 79.3% (111) 78.6% (92) 

Pain situation (n=54) 

     Training 68.5% (37) 62.1% (18) 72% (19) 

%5.13noititepmoC (17) 37.9% (11) 28% (6) 

Pain characteristics (n=54) 

     Continuous 3.7% (2) - 8% (2) 

     With performance limitation* 22.2% (12) 24.1% (7) 20% (5) 

     Without performance limitation# 37% (20) 37.9% (11) 36% (9) 

     After competition/training 29.7% (16) 31% (9) 28% (7) 

     Only during warm-up 3.7% (2) 3.5% (1) 4% (1) 

     Not reported 3.7% (2) 3.5% (1) 4% (1) 

)45=n(noigerniaP

     Neck/Cervical 7.8% (4) 6.9% (2) 8% (2) 

)21(%84)21(%4.14)42(%4.44redluohS

     Elbow/wrist/hand/finger 7.8% (4) 13.8% (4) - 

)2(%8)3(%4.01)5(%3.9hgihT/piH

     Knee 5.5% (3) 3.4% (1) 8% (2) 

-)1(%4.3)1(%8.1tooF/elknA

     Low back 16.7% (9) 17.3% (5) 16% (4) 

)3(%21)1(%4.3)4(%8.7srehtO

*Pain during competition/practice, with performance limitation. 
#Pain during competition/practice, without performance limitation. 
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The comparison of continuous variables between 
swimmers with pain and without pain is shown in 
Table 4. It should be noted that there were no statis-
tically significant differences for any of the variables 
between swimmers with and without pain. 

With regard to relative risk for musculoskeletal pain, 
note that the relative risk values were not statisti-
cally different among groups for any of the variables 
(Table 5). 

DISCUSSION
The results of the present cross-sectional study 
demonstrated that approximately 20% of swimmers 
reported musculoskeletal pain during the Brazilian 
Swimming Championship (39th Troféu José Finkel 
Edition, 2010). Around 60% of participants reported 
previous injuries. Tendinopathy was the most com-
mon type of previous injury and the shoulder the 
most affected anatomic region in both males and 
females. When analysing the relative risk of pres-

Table 3. Prevalence and description of previous injuries in last 12 months in swimmers
selameFselaMlatoT

Previous injury (within 12 months) (n=257) 

)36(%8.35)18(%9.75)441(%65seY

     No 44% (113) 42.1% (59) 46.2% (54) 

Injury situation  

     Practice 91% (131) 90.1% (73) 92.1% (58) 

)5(%9.7)8(%9.9)31(%9noititepmoC

Type of injury

)72(%9.26)43(%7.55)16(%7.85yhtaponidneT

     Muscular lesion 7.7% (8) 9.8% (6) 4.6% (2) 

-)4(%7.6)4(%8.3noitacolsiD

     Arthritis/Synovitis/Bursitis 3.8% (4) 1.6% (1) 7% (3) 

     Ligamentar rupture 2.9% (3) 1.6% (1) 4.6% (2) 

     Meniscal/Cartilage 6.7% (7) 8.2% (5) 4.6% (2) 

)2(%6.4-)2(%9.1niarpS

     Others 14.5% (15) 16.4% (10) 11.7% (5) 

noigeryrujnI

     Neck/Cervical 6.2% (9) 6.2% (5) 6.3% (4) 

)62(%3.14)14(%6.05)76(%5.64redluohS

     Elbow/Wrist/Hand/Finger 2.8% (4) 1.2% (1) 4.8% (3) 

)4(%3.6)2(%5.2)6(%2.4hgihT/piH

     Knee 16% (23) 14.8% (12) 17.5% (11) 

)2(%2.3)1(%2.1)3(%1.2geL

     Ankle/Foot 4.9% (7) 2.5% (2) 7.9% (5) 

-)9(%1.11)9(%2.6kcabwoL

     Others 11.1% (16) 9.9% (8) 12.7% (8) 
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Table 4. Comparisons of between swimmers with and without pain
 Without pain With pain p-value 

Age (years) 19.9 (3.8) 20.1 (4) 0.09 

Height (cm) 176.8 (9.3) 177.2 (9.6) 0.69 

Weight (kg) 70.6 (11.1) 70.9 (11.7) 0.79 

Swimming experience (years) 13 (4.7) 13.8 (4.8) 0.17 

Week distance (km) 57.8 (31.1) 54.2 (25.3) 0.61 

Data are expressed in mean and standard deviation. Comparisons were conducted with the Student-t Test for 
independent samples 

Table 5. Comparison of categorical data between swimmers with and without pain
Without pain With pain p-

value 
RR (CI) 

Gender 0.9 

     Male 79.3 (111) 20.7 (29)  1 

     Female 78.6 (92) 21.4 (25) 1.03 (0.64 – 1.66) 

BMI   0.94  

≤ 25 77.7(185) 22.3 (53) 1 

     > 25 94.4 (17) 5.6 (1)  0.25 (0.04 – 1.70) 

Stroke specialty - - 0.88 

     Freestyle 79.4 (85) 20.6 (22)  1 

     Non-Freestyle 78.7 (118) 21.3 (32) 1.11 (0.68 – 1.79) 

Position   0.23  

     Distance 83.3 (70) 16.7 (14) 1 

     Sprinter 76.9 (133) 23.1 (40)  1.38 (0.80 – 2.40) 

Strength training 0.14 

     No 64.7 (11) 35.3 (6)  1.65 (0.82 – 3.44) 

     Yes 79.9 (191) 20.1 (48) 1 

Another physical activity   0.61  

     No 79.7 (169) 20.3 (44) 1 

     Yes 76.2 (32) 23.8 (10)  1.17 (0.64 – 2.15) 

Previous injury 0.25 

     No 82.3 (93) 17.7 (20)  1 

     Yes 76.4 (110) 23.6 (34) 1.33 (0.81 – 2.19) 
Data are expressed in percentage and number of swimmers. The p-value were obtained using the Chi-
squared Test.  
RR = relative risk, CI = confidence interval
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ence of pain for personal and training characteristics, 
it should be noted that there were no statistically sig-
nificant differences for any of the variables between 
those who had pain and those who did not.

This is first study that has investigated and described 
a 20% prevalence of musculoskeletal pain in pro-
fessional swimmer participants in a large Brazil-
ian national tournament. Several previous authors 
have also evaluated professional swimmers, but 
with a longitudinal prospective design.8,15,21 Wolf et 
al21 reported an injury incidence of four injuries per 
1,000 exposures in swimmers from the National Col-
legiate Athletic Association (NCAA) team followed 
during five seasons, while Chase et al15 found an 
incidence of 5.5 per 1,000 hours exposure in swim-
mers also from the NCAA. Mountjoy et al8 evaluated 
the occurrence of new injuries sustained during 
the World Swimming Championship, and their inci-
dence was 66 injuries per 1,000 athletes.

The present study also evaluated the rate of injuries 
in the previous 12 months, and 144 (56%) swimmers 
reported at least one musculoskeletal injury within 
the previous 12 months. This injury rate is similar to 
the results of Aguiar et al,22 which, despite the use 
of a different definition of injury, found an injury 
rate in the previous 12 months of 56.3% in swimmer 
participants in minor national tournaments. This 
similar result can be explained by the characteristics 
that are alike in both studies, such as age, swimming 
experience, and BMI.

The shoulder was the anatomic region most com-
monly affected by both musculoskeletal pain at the 
time of the survey, and by previous injuries (within 
12 months) in swimmers in this study. Despite the 
different ways of monitoring swimmers in their stud-
ies, as in a longitudinal prospective way of evaluat-
ing new injuries,8,15,21,23 or only the previous injuries,22 
these previous authors also cited the shoulder as the 
region most affected by swimming injuries. This find-
ing was expected, as the shoulder is responsible for 
around 90% of propulsive power in swimmers.6 When 
this is associated with the training overloads to which 
professional athletes are exposed, then this makes the 
shoulder a region very susceptible to overuse injuries. 

The type of previous injuries most reported by 
swimmers was tendinopathy, similar to the findings 

in Aguiar et al.22 Tendinopathy is usually related to 
excessive loads imposed by sports activities and is 
characterized as an overuse injury.24 The tendon, 
when exposed to repetitive harmful movements, 
exceeds its physiologic limit, causing the rupture of 
collagen fibers and tendon degeneration.25 Overuse 
injuries were also the most frequent in the studies 
by Kerr et al,23 Mountjoy et al8 and Chase et al,15 indi-
cating that as in other sports,17,26,27 such as athletics 
and running, these type of injuries occur most fre-
quently as in swimming. Future studies about pre-
ventive measures in swimming should attempt to 
overuse injuries, specially the tendinopathies, and 
how the amount of exposure by the athletes could 
be related to these injuries.

One hypothesis of this study was that variables, such 
as swimming experience, weekly distance, stroke 
specialty, swimmer’s position, and previous injuries, 
could be associated with the presence of musculo-
skeletal pain in the swimmers. However, there were 
no statistically significant differences found between 
swimmers with pain and without pain for any of 
these variables. Previous authors have reported some 
factors associated with injuries. For instance, Aguiar 
et al22 reported that age and swimming experience 
were associated with previous injuries in swimmers 
in minor national tournaments. Wolf et al21 and Chase 
et al15, in prospective studies, noted the association 
between occurrence of new injuries with backstroke 
specialty and previous injuries, respectively. These 
different findings from the present study may be 
explained by the use of different injury definitions 
utilized by each study. Another explanation is that 
sports injuries usually are characterized by a multi-
factorial causes, maybe the questions included in the 
current study’s questionnaire were not sufficient to 
detect possible differences between swimmers with 
pain and without pain.

As a limitation of the present study, one swimming 
team that had a large number of participants in 
the tournament refused to participate in the study, 
explaining why the study had 59.8% of attendance 
from the swimmers participants in the champion-
ship. Another limitation is the use of a questionnaire 
about previous injuries and swimming distance, 
since the participants could underreport both infor-
mation, explaining why the present study did not 
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 9. Tate A, Turner GN, Knab SE, Jorgensen C, 
Strittmatter A, Michener LA. Risk factors associated 
with shoulder pain and disability across the lifespan 
of competitive swimmers. J Athl Train. 
2012;47(2):149-158.

 10. Weldon EJ, 3rd, Richardson AB. Upper extremity 
overuse injuries in swimming. A discussion of 
swimmer’s shoulder. Clin Sport Med. 2001;20(3):423-
438.

 11. Vizsolyi P, Taunton J, Robertson G, et al. 
Breaststroker’s knee. An analysis of epidemiological 
and biomechanical factors. Am J Sport Med. 
1987;15(1):63-71.

 12. Keskinen K, Eriksson E, Komi P. Breaststroke 
swimmer’s knee. A biomechanical and arthroscopic 
study. Am J Sport Med. 1980;8(4):228-231.

 13. Walker H, Gabbe B, Wajswelner H, Blanch P, Bennell 
K. Shoulder pain in swimmers: a 12-month 
prospective cohort study of incidence and risk 
factors. Phys Ther Sport. 2012;13(4):243-249.

 14. Butler D, Funk L, Mackenzie TA, Herrington LC. 
Sorting swimmers shoulders: An observational study 
on swimmers that presented to a shoulder surgeon. 
Int J Should Surg. 2015;9(3):90-93.

 15. Chase KI, Caine DJ, Goodwin BJ, Whitehead JR, 
Romanick MA. A prospective study of injury 
affecting competitive collegiate swimmers. Res Sports 
Med. 2013;21(2):111-123.

 16. Fuller CW, Ekstrand J, Junge A, et al. Consensus 
statement on injury defi nitions and data collection 
procedures in studies of football (soccer) injuries. Br 
J Sport Med. Mar 2006;40(3):193-201.

 17. Alonso JM, Tscholl PM, Engebretsen L, Mountjoy M, 
Dvorak J, Junge A. Occurrence of injuries and 
illnesses during the 2009 IAAF World Athletics 
Championships. Br J Sport Med. 2010;44(15):1100-
1105.

 18. Alonso JM, Junge A, Renstrom P, Engebretsen L, 
Mountjoy M, Dvorak J. Sports injuries surveillance 
during the 2007 IAAF World Athletics 
Championships. Clin J Sport Med. 2009;19(1):26-32.

 19. Junge A, Engebretsen L, Mountjoy ML, et al. Sports 
injuries during the Summer Olympic Games 2008. 
Am J Sport Med. 2009;37(11):2165-2172.

 20. Harriss DJ, Atkinson G. Update--Ethical standards in 
sport and exercise science research. Int J Sport Med. 
2011;32(11):819-821.

 21. Wolf BR, Ebinger AE, Lawler MP, Britton CL. Injury 
patterns in Division I collegiate swimming. Am J 
Sport Med. 2009;37(10):2037-2042.

 22. Aguiar P, Bastos F, Júnior J, Vanderlei L, Pastre C. 
Lesões Desportivas na Natação. Rev Bras Med 
Esporte. 2010;16(4):273-277.

find association between presence of pain and previ-
ous injuries or swimming distance. Despite limiting 
the questioning to injuries sustained in the last 12 
months, it is not possible to discard the recall bias, 
since a previous study28 demonstrated that when a 
retrospective injury registration is used, participants 
can forget to record previous injuries and injury rate 
could be underestimated. 

CONCLUSION
The results of the current study demonstrated that 
the prevalence of musculoskeletal pain in profes-
sional swimmer participants in the most impor-
tant Brazilian national tournament was 20%, while 
around 60% of participants reported previous inju-
ries. These results indicate that a substantial prob-
lem exists involving elite swimmers and further 
studies should address preventive measures through 
randomized controlled trials. Because overuse inju-
ries of the shoulder were most common, attention to 
preventive measures should be given to these types 
of injuries, especially tendinopathies of the shoulder.
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ABSTRACT
Background and Purpose: Patients frequently experience long-term deficits in functional activity following anterior 
cruciate ligament reconstruction, and commonly present with decreased confidence and poor weight acceptance in 
the surgical knee. Adaptation of neuromuscular behaviors may be possible through plyometric training. Body weight 
support decreases intensity of landing sufficiently to allow increased training repetition. The purpose of this case 
report is to report the outcomes of a subject with a previous history of anterior cruciate ligament (ACL) reconstruction 
treated with high repetition jump training coupled with body weight support (BWS) as a primary intervention 
strategy.

Case Description: A 23-year old female, who had right ACL reconstruction seven years prior, presented with anterior 
knee pain and effusion following initiation of a running program. Following visual assessment of poor mechanics in 
single leg closed chain activities, landing mechanics were assessed using 3-D motion analysis of single leg landing off 
a 20 cm box. She then participated in an eight-week plyometric training program using a custom-designed body 
weight support system. The International Knee Documentation Committee Subjective Knee Form (IKDC) and the 
ACL-Return to Sport Index (ACL-RSI) were administered at the start and end of treatment as well as at follow-up 
testing.

Outcomes: The subject’s IKDC and ACL-RSI scores increased with training from 68% and 43% to 90% and 84%, 
respectively, and were retained at follow-up testing. Peak knee and hip flexion angles during landing increased from 
47° and 53° to 72° and 80° respectively. Vertical ground reaction forces in landing decreased with training from 3.8 
N/kg to 3.2 N/kg. All changes were retained two months following completion of training.

Discussion: The subject experienced meaningful changes in overall function. Retention of mechanical changes sug-
gests that her new landing strategy had become a habitual pattern. Success with high volume plyometric training is 
possible when using BWS. Clinical investigation into the efficacy of body weight support as a training mechanism is 
needed.

Level of Evidence: Level 4 – Case Report

Keywords: ACL-RSI, biomechanics, IKDC, plyometrics, training volume
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BACKGROUND AND PURPOSE
More than 200,000 people injure the anterior cru-
ciate ligament (ACL) of their knee annually in the 
United States. Of these, approximately 65% undergo 
surgical ACL reconstruction.1 Initial outcomes fol-
lowing ACL reconstruction are quite good, with 
resolution of knee laxity and return to independent 
activities of daily living within three months.2-4 

Although current post-operative protocols allow return 
to normal athletic activity within six months of sur-
gery, a preponderance of recent evidence has shown 
that many patients have functional outcomes that are 
poorer than expected in the years following surgery.5-11 
Patients who have undergone ACL reconstruction 
often experience chronic impairment in mechanical 
performance of the operated limb.12 Specifically, defi-
cits in eccentric knee flexion have been demonstrated 
during the weight acceptance phase of gait as well as in 
higher intensity tasks such as stair descent and jump 
landing.13-16 Decreased knee flexion during weight 
acceptance may also contribute to a decreased ability 
to absorb ground reaction forces, leading to higher ver-
tical ground reaction forces (VGRF) when compared to 
the uninjured side and healthy controls.15,16 Addition-
ally, people who have undergone ACL reconstruction 
frequently demonstrate high levels of fear of move-
ment, or a lack of confidence in the knee.5,17,18

Ardern et al18 and Chmielewski17 have both demon-
strated that psychological impairments such as fear 
of movement and lack of confidence correlate with 
poor return to activity outcomes. Recent data19 have 
demonstrated a negative correlation between psy-
chological impairments and absorption of vertical 
forces in the surgical knee. Specifically, increased 
fear of movement correlates with decreased abil-
ity to absorb vertical forces. Together, mechanical 
and psychological impairments have been associ-
ated with a 63% rate of return to pre-injury levels of 
physical activity, a 14% to 25% re-injury rate, and a 
nearly half of patients who undergo ACL reconstruc-
tion develop early-onset osteoarthritis.5,20-23 Despite 
these shortcomings in long-term outcomes, there 
has been relatively little research performed explor-
ing interventions designed to address chronic post-
surgical psychological and mechanical impairments.

Plyometric or jump training has been recommended 
to improve mechanical deficits seen in the lower 

extremity following ACL reconstruction.4,24 However, 
the evidence supporting this recommendation has 
been from the literature on primary injury preven-
tion in healthy athletes,25-33 and as such the specifics 
of exercise dosage may not translate to an injured 
population. Chmielewski34 reviewed considerations 
for dosing plyometric exercise following injury, and 
recommended low repetition due to high ground 
reaction forces and rapid loading rates. In two 
recently published clinical commentaries describ-
ing optimal post-ACL reconstruction rehabilitation, 
plyometric training is advised when specific strength 
and functional criteria are met (generally after 12 
weeks), but no specific repetition recommendations 
are made.4,24 Recommendations for healthy athletes 
range from 20 contacts per session to 120 contacts 
per session.26,30,35,36 The inherently high intensity of 
plyometric activity may cause clinicians to further 
reduce repetition during training, so as to avoid 
further injury to an already at-risk knee joint.23,34 
Unfortunately, given the complexity and potential 
chronicity of the mechanical deficits involved post-
surgically, low repetition training may not provide 
sufficient neuromuscular stimulus to allow modifica-
tion of habitual movement patterns.37 While the lit-
erature regarding ways to optimize motor learning 
can be contradictory, it does seem that higher train-
ing volumes in the form of increased task repetition 
improves retention of that skill.38

High levels of fear and low confidence common after 
ACL reconstruction may also unduly influence a 
patient’s ability to complete effective plyometric train-
ing. The phenomenon of fear avoidance in chronic 
pain literature39 bears a marked resemblance to the 
phenomenon of psychological impairment limiting 
physical activity following ACL reconstruction. Given 
this similarity, effective treatment of psychological 
impairment following surgery may follow the treat-
ment paradigm most successfully associated with fear 
avoidance. 40,41 Kinesiophobia in athletes following ACL 
reconstruction may therefore be effectively treated 
through graded exposure to the fear-inducing stimulus. 
In the case of plyometric training, landing from a jump 
may be considered a fear-inducing stimulus. However, 
as Chmielewski34 states, landing on a single leg is inher-
ently high intensity, and there are very few mecha-
nisms by which the intensity of the landing task can be 
reduced while maintaining specificity of motion.
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One method of reducing landing intensity is via body 
weight support (BWS), which may decrease intensity 
enough to allow higher repetition plyometric train-
ing than normally recommended and to accurately 
grade exposure to landing tasks. Forms of BWS have 
been used extensively in rehabilitation of neurologi-
cal injury42,43 and for orthopedic rehabilitation44-46 as 
well. Unfortunately, aquatic training, plyometric leg 
press, and treadmill-bound systems do not allow for 
specificity of movement or sport-specific training. 
The natural hydraulics of the aquatic environment 
can result in abnormal shear forces through the 
joints.47 A plyometric leg press requires activation of 
the hip flexors to maintain the feet in the line of fall, 
and only allows for sagittal plane movement, with-
out the ability to move freely in three-dimensional 
space. A treadmill-bound system works by raising 
the center of mass, disallowing relatively large verti-
cal excursions such as those seen in a jump or hop. 
To date, BWS systems primarily support walking and 
running tasks, as the vertical speed of jumping is 
generally too high for even motorized BWS systems 
to maintain constant levels of BWS. However, for this 
study, a novel BWS system was developed to allow 
specificity of movement during tasks involving ver-
tical excursion, as well as sport specific training 
including cutting and pivoting motions. Appropriate 
utilization of this novel BWS system during plyomet-
ric training may improve mechanical and psycho-
logical, and thereby functional, outcomes following 
ACL reconstruction.

The purpose of this case report is to report the out-
comes of a subject with a previous history of ACL 
reconstruction treated with high repetition jump 
training coupled with BWS as a primary interven-
tion strategy. The changes in landing mechanics, 
psychological readiness for activity, and functional 
outcomes are detailed.

CASE DESCRIPTION

Subject History and Systems Review
The subject was a 23 year-old female (BMI: 22.5) 
who presented with right anterior knee pain of grad-
ual onset following initiation of a running program 
for fitness eight months previously. At the time of 
her initial evaluation (Figure 1), the subject was 
unable to run >1 mile due to pain rated at 5/10 on a 

visual analog scale. Additionally, she had discontin-
ued playing intramural basketball due to pain. She 
was able to participate in all activities of daily living 
without pain with the exception of ascending and 
descending stairs, and had a Lower Extremity Func-
tion Scale (LEFS) score of 71/80. The subject had an 
unremarkable past medical history with the excep-
tion of a right ACL reconstruction with hamstring 
autograft seven years previously (Figure 1). Her his-
tory was otherwise negative for other lower extrem-
ity injuries or conditions. A systems review was 
unremarkable, and the subject otherwise healthy. 
The subject reported that magnetic resonance imag-
ing two months prior to evaluation demonstrated a 
“bone bruise” to the tibial plateau, but further detail 
was unavailable. Her goals were to progress to run-
ning at least three miles without pain, and to play 
intramural basketball without concern for her knee. 
The subject was initially examined and treated by 
a licensed physical therapist who is a Fellow of the 
American Academy of Orthopaedic Manual Physical 
Therapists. 

Examination
Passive range of motion (PROM) was limited to 137 
degrees of flexion and 0 degrees of hyperextension, 
compared to 147 degrees of flexion and 5 degrees of 
hyperextension on the left. She also reported deep 
joint pain at end range in both directions. Tibio-
femoral joint mobility testing revealed normal end-
feel and mobility with anterior/posterior glides and 
distraction, but decreased pain with distraction. Her 
knee flexion strength was rated at a 4+/5 as com-
pared to 5/5 on the left; knee extension strength 
in manual muscle testing was symmetrical side to 
side for a grade of 5/5.48 However, she was unable 
to perform a single leg squat on the right without 
femoral adduction and internal rotation, and the 

Figure 1. Timeline of Injury and Rehabilitation Events.
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depth of her single leg squat was limited compared 
to the left side. Single leg stance on the right was 
notable for excessive use of a hip strategy to main-
tain balance compared to the left. Excessive lumbar 
extension and poor control of hip adduction were 
observed during walking and running gait, resulting 
in excessive pelvic drop during the stance phase of 
both gaits. 

The subject was diagnosed with internal derange-
ment of the knee with effusion, decreased PROM, 
and decreased functional capacity. She also dis-
played dysfunctional biomechanics in closed kinetic 
chain activities. Due to her work and school sched-
ule, she underwent six sessions of physical therapy 
over a 10-week period (Figure 1). Treatment con-
sisted of manual therapy for joint and soft tissue 
mobility to increase PROM and decrease effusion, 
single leg squats on a Total Gym® (Total Gym Global 
Corp., San Diego, CA) with cueing for knee, hip, and 
lumbar control, and running gait training on a tread-
mill to reduce pelvic drop during stance and lessen 
frontal plane valgus knee alignment.

Clinical Impression 1 
After 10 weeks of physical therapy as described 
above, the subject’s PROM and gross strength defi-
cits by manual muscle testing were equal to the 
contralateral side. She was progressing in a walk/jog 
program without pain, with a LEFS score of 77/80 
at the end of the 10-week period. However, her dys-
functional movement patterns in closed kinetic 
chain activities persisted. Her continued inability to 
single leg squat on the surgical side led her physical 
therapist to refer the subject for biomechanical test-
ing in the University of Montana Movement Science 
Laboratory (Figure 1). Due to academic schedul-
ing constraints, the subject was unable to complete 
laboratory testing for another three months (Figure 
1). At the time of laboratory testing (Figure 1) as 
described below, she reported she had been unable 
to progress in running without pain, and continued 
to experience effusion after running greater than 
one mile. Her history, inclusive of the initial evalua-
tion and treatment described above and considering 
her history of a non-contact ACL injury, indicated 
a persistent problem in movement coordination in 
closed-chain tasks, particularly those involving a 
single leg and/or impact. The subject was informed 

that data concerning her evaluation and treatment 
would be submitted for a case report, and she con-
sented to submission.

Examination
The full laboratory examination consisted of, in order, 
administration of the International Knee Documen-
tation Committee Subjective Knee Form (IKDC) and 
the ACL-Return to Sport Index (ACL-RSI); height 
and body mass measurement with a standard physi-
cian’s scale; a five-minute treadmill walking warm-
up; PROM measurement and effusion grading; knee 
flexion and extension strength testing with force 
dynamometry; application of retroreflective mark-
ers; and biomechanical analysis of a single leg land-
ing from a 20 cm box as previously described.49,50 
Testing and further intervention described below 
were performed by a licensed physical therapist 
with board certification as an orthopedic specialist 
and certification for plyometric training for ACL pre-
vention through SportsMetrics ™.

Outcome Measures and Clinical Tests
The IKDC was administered as a validated mea-
sure of patient-reported function for athletes, which 
avoids ceiling effects seen in other functional out-
come measures, including the LEFS.51,52 The ACL-
RSI, a validated tool which measures confidence on 
a 0-100 scale, was administered to provide a measure 
of psychological readiness for return to activity.53,54 
Effusion was tested using the stroke test.55 Passive 
ROM was measured with a standard long arm goni-
ometer as previously described.56

Isometric Strength Testing
Knee flexor and extensor isometric strength was 
tested in sitting using a Kin-Com 125AP dynamom-
eter (Chattanooga Group, Inc., Chattanooga, TN) uti-
lizing previously published methods.49,57 The more 
precise measure of strength afforded by dynamom-
etry was considered important given the relatively 
poor sensitivity of manual muscle testing to side-
to-side differences.58 The knee was strapped into 60 
degrees of flexion for flexor testing and 90 degrees 
of flexion for extensor testing. The uninvolved limb 
was tested first to provide the subject with a target 
force as well as to develop task familiarity. Visual and 
verbal encouragement were provided during trials. 
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At least 1 minute of rest was allowed between trials. 
When force production decreased or failed to increase 
more than 5% from the previous trial, the testing was 
complete and the trial with the highest force produc-
tion was utilized for analysis. Force data were electro-
myographically sampled at 200 Hz utilizing a BIOPAC 
MP 150 (BIOPAC Systems, Inc., Santa Barbara, CA) 
data acquisition workstation with Acqknowledge v.3.7 
software and processed with a 6 Hz low pass filter 
prior to determining maximal force production. 

Biomechanical Analysis of Single Leg Landing
A single leg landing from a 20 cm box as previously 
described49,57 was chosen for testing, as the primary 
mechanism of continued pain for the subject was run-
ning, which consists of multiple single leg landings. 
Her difficulty with maintaining desired dynamic 
postures during closed kinetic chain single leg squat 
activities also played into this decision. Further, her 
history of non-contact ACL injury suggested poten-
tial neuromuscular faults,27,59 and the most frequent 
mechanism of non-contact ACL injury is a single leg 
landing.50 The subject stood approximately 10 cm 
from the edge of a 20 cm high box, hands on hips, 
and was instructed to gain her balance on a single 
leg before hopping off the box onto a force plate with 
her eyes looking forward. She performed five suc-
cessful test trials of the single-leg landing task after 
five practice trials on each leg. A trial was deemed 
successful if she maintained a single leg stance for at 
least 2 seconds upon landing, and regained dual leg 
stance in a controlled manner.

Kinematic data were obtained during the single-leg 
landing task using an eight-camera VICON Nexus 
system at 200 Hz (Oxford Metrics, Ltd., London, 
UK). Retro-reflective markers (14 mm diameter) 
were placed per previously published methods49,57 
to allow tracking of the three-dimensional position 
of bilateral feet, shanks, thighs, pelvis, and trunk. 
A standing calibration was performed prior to com-
pleting the landing trial to identify joint centers with 
respect to each segment’s coordinate system.

A 400 x 600 mm force plate (AMTI, Watertown, MA) 
interfaced with the VICON Nexus system captured 
ground reaction forces during landing. Force plate 
data were sampled at 1200 Hz. Marker trajectories 
and force plate data were filtered at 12 and 50 Hz 

respectively with fourth-order phase-corrected But-
terworth filters. The peak vertical ground reaction 
forces (VGRF) and joint moments were normalized 
to the subject’s body mass. Joint kinematics were cal-
culated using Euler angles, and joint kinetics were 
calculated with inverse dynamics using rigid body 
analysis through custom applications with Visual 3D 
software (Visual3D, Version 4.75.29, C-motion Inc., 
Rockville, MD). Joint angles and moments were 
time normalized to 100 increments from initial con-
tact on the force plate to peak knee flexion during 
landing to allow calculation of an ensemble average 
across trials, as the time between those events var-
ied slightly between trials.

Clinical Impression 2
Patient-reported outcome measures obtained during 
the laboratory testing showed moderate to severe 
decreases in self-reported function and confidence 
(Figure 2), with an initial IKDC score of 67.8% and 
an ACL-RSI score of 42.5%. Anderson et al60 reported 

Figure 2. Change in patient reported function and psycho-
logical readiness for sport with training.
*IKDC, International Knee Documentation Committee Sub-
jective Knee Form. Mean value for 18-24 year old females, 
from Anderson et al (2006). 
†ACL-RSI, Anterior Cruciate Ligament-Return to Sport Index. 
Mean value for athletes who have returned to sport, from 
Muller (2014). 
‡ Mid-training testing occurred at week 4 of training. Post-
training testing occurred after full 8 week training period. 
Retention testing occurred after 8 weeks without training or 
contact with the investigators.
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an average IKDC score for people with a history of 
any right knee surgery (median of five to 10 years 
prior) of 56.3%. The mean score for 18-24 year old 
women inclusive of those with and without knee 
injury was reported as 86%. The subject’s IKDC 
score put her in the 15th percentile of 18-24 year old 
women with or without injury.60 Initial validation 
of the ACL-RSI scale showed a mean ACL-RSI score 
of 39.1% for athletes who have given up sport fol-
lowing ACL reconstruction. 53 Athletes who had not 
attempted sport but had planned to return to their 
sport had scored a mean of 54.9%.53 Further, an ACL-
RSI score at six months after surgery of 52.3% has 
been found to be a cut-off point using ROC analysis 
to discern between those athletes that eventually 
return to sport and those that do not (sensitiv-
ity=0.97 specificity=0.63).54 

Her PROM was symmetrical side-to-side, with 145 
degrees of knee flexion and 5 degrees of hyperexten-
sion. She presented with trace effusion. Her side-to-
side strength symmetry, as a ratio of the involved 
to uninvolved torque production during isometric 
strength testing, was 76.8% for the quadriceps and 
73.2% for the hamstrings (Table 1). These strength 
values are below suggested side-to-side strength 
ratios typically advised for return to sport after ACL 
injury, which recommend 85% to 90% of the non-
operated limb.4 

Her kinematic and kinetic measures (Figure 3) illus-
trated a hard, stiff landing, with a relatively high 
VGRF and relatively little knee flexion and small 
internal knee extension moment. Mean VGRF, knee 
flexion, and knee extension moment during single 
leg landing in patients who have returned to activity 
after ACL reconstruction have been reported previ-
ously as approximately 3.5 Nm/kg body weight, 56°, 
and 2.5 Nm/kg body weight, respectively.49 

The subject was deemed appropriate for a high 
repetition jump training intervention to target her 
chronic difficulties in absorbing load through the 
involved knee and her poor functional state. Aug-
menting the intervention with BWS allowed training 
even with the limiting factors of decreased strength 
and decreased confidence in her knee. All training 
was undertaken to directly address the subject’s goal 
of returning to running and playing basketball.

Intervention
The subject participated in an individualized jump 
training program twice weekly for eight weeks. Each 
session took approximately one hour as detailed 
in Table 2. She did not participate in any other 
strengthening, training, or other physical therapy 
intervention during this period, with the exception 
of occasional intramural basketball games.

The jump training treatment progression is outlined 
in Table 3. Although the task progression is similar 
to recently published neuromuscular training pro-
tocols,4,24,30,31 BWS allowed decreased intensity and 
higher repetition than the 20-120 contacts per session 
currently recommended for healthy athletes.26,30,35,36 
For the first six weeks, the subject performed her 
training in a custom BWS system designed to allow 
freedom of movement within a 1.5 x 3 x 4 m vol-
ume with a consistent vertical force (Figures 4 & 
5), thereby providing movement and sport specific-
ity.61 Elastic tubing is stretched around a 75-meter 
pulley system and connected to a custom harness 
made of neoprene shorts. The final pulley is directly 
overhead and slides on a near-frictionless steel track 
bolted into the ceiling, allowing movement in any 
direction along a 1.5 x 3 m area on the floor. Taking 
advantage of the relationship between elastic recoil 
force and percent strain, the system is able to gen-
erate a vertical force at the center of mass that var-

Table 1. Side-to-side thigh muscle strength symmetry via force dynamometry*

Pre-Training Post-Training† Retention‡ Recommended§ 

Quadriceps 76.8% 86.4% 106.5% 90% 

Hamstrings 73.2% 71.1% 127.1% 90% 

*Symmetry is expressed as a ratio of the surgical side to the non-surgical side. 
†Post-training testing was performed immediately following the 8-week training intervention. 
‡Retention testing was performed eight-weeks following post-training testing. 
§Recommended values are taken from Adams et al (2012).
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Table 2. Intervention protocol performed twice weekly for eight weeks

Treatment Component Specific Task 
Joint reaction check * 
(for previous treatment) 

Knee pain rating on 0-10 VAS 
Report of muscle soreness and fatigue 
Stroke test for joint effusion 

Warm-up 5 minute treadmill walking (3-3.5 mph) 
High knee running 
Heel-to-gluteal running 
High kick walking 
Hip wrap walking with heel raise 
Lunge walking 

Jump Training Per progression (Table 3) 
Cool-down 5 minute treadmill walking (3-3.5 mph) 

Quadriceps stretch (30 seconds) 
Hamstrings stretch (30 seconds) 
Calf stretch (30 seconds) 
Hip abductor stretch (30 seconds) 

Joint reaction check † 
(for current treatment) 

Knee pain rating on 0-10 VAS 
Report of muscle soreness and fatigue 
Stroke test for joint effusion 

* If knee pain was >2 levels higher than previous treatment, treatment was delayed and the next 
treatment did not progress in repetition or intensity. If muscle soreness did not relieve during 
warm-up and visually compromised landing technique, treatment was delayed. If the stroke test 
graded at or above a 2+ effusion, treatment was delayed and the next treatment did not progress 
in repetition or intensity. 
† If knee pain increased >2 levels during treatment, the next treatment did not progress in 
repetition or intensity. Muscle soreness and fatigue was noted for comparison to the next pre-
treatment check. If the stroke test graded >1 level above the pre-treatment grade, the next 
treatment did not progress in repetition or intensity. 

Figure 3. Kinematic and kinetic measures over training and retention periods.
*VGRF, vertical ground reaction force. 
†Mid-training testing occurred at week 4 of training. Post-training testing occurred after full 8 week training period. Retention testing 
occurred after 8 weeks without training or contact with the investigators. 
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ies by less than 10% through the 3-D movement of 
jumping up to 1.5 m.61 As such, the subject was able 
to perform high volume, sport-specific, jump land-
ing training with decreased impact loads.61 

The initial training was begun at a BWS level of 
30%, wherein a near-constant vertical force equal 
to 30% of the subject’s body weight was exerted at 
the center of mass. Previous work determined that 
between 20% and 30% BWS, VGRF decreased to lev-
els approximately those of distance running without 
intrinsically changing lower extremity kinemat-
ics or relative joint kinetics.61 The level of BWS was 
decreased every two weeks, from 30% to 20% to 
10%, per tolerance to activity. The final two weeks 
of training were performed without BWS. Training 
volume was tracked via contacts, defined as the 
number of times the involved leg hit the ground 
and/or generated a directional change as in cutting. 
With BWS, higher contact counts were appropriate 
given the decreased VGRF. Interestingly, the subject 
was able to complete more contacts at the 20% and 
10% BWS levels. During the initial phases of train-

Table 3. Jump training treatment progression

Week BWS* Contacts by Session† Tasks
1 235 220 

2

30%

241 270 

Vertical jumps, lateral jumps, 
broad jumps, spinning jumps, 

split jumps 
Vertical hops, lateral hops, 

broad hops 
3 290 235 

4

20%

306 310 

Above
+

Triple broad hops, box hops, 
bounding

5 275 210 

6

10%

266 305 

Above
+

Combination jumps, Lateral 
cutting

7 184 180 

8

0%

180 180 

Above
+

Lateral box hops, agility drills 

Note: This progression is adapted from multiple current neuromuscular training protocols for 
injury prevention. Twice-weekly sessions were separated by at least 48 hours. Progression to a 
lower body weight support level was determined by tolerance as described in Table 2. 
*Body weight support, or delivered vertical force expressed as the percentage of body weight.
†Contact is defined as an instance of landing or changing direction on the surgical leg, eg. 
landing a hop, landing a jump, or cutting/pivoting on surgical side. The number of contacts listed
is the actual number of contacts performed by the subject during that session.

Figure 4. Illustration of body weight support system with 
harness. 
*A, 15 m elastic tubes stretched over approximately 76 m 
around pulleys, redirected upward toward fi nal pulleys. B, 
fi nal elastic element to which appropriate tubes (A) may be 
attached. C, fi nal conjoined pulleys. D, 2.44 m. tensioned steel 
rod upon which top pulley of (C) can roll. E, hollow core alu-
minum yoke. F, free-sliding webbing. G, 3mm neoprene shorts 
customized to allow movement without sliding.
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ing, even with 30% BWS, she required extensive cue-
ing to perform each task correctly. She also required 
more rest between sets in the first two weeks.

All other training parameters progressed over 
time as well. Feedback progressed from immedi-
ate visual, verbal, and tactile specific knowledge of 
results, to delayed verbalization of perceived perfor-
mance. Cueing was geared toward positive reward 
throughout training, to reinforce desired behaviors 
(increased knee flexion, soft landing, upright pos-
ture)36,62 rather than punishing undesired behaviors 
(straight knee, stiff landing, bending at the waist). 
The subject was cued primarily with an external 
attentional focus (eg, “try to sit down in a chair dur-
ing landing”), with an internal focus as needed but 
not preferred (eg, “land with your knees bent”).63,64 
Practice patterning progressed from blocked prac-
tice of each skill (vertical, lateral, sagittal, rotational 
jumping, and vertical, lateral, sagittal hopping) to 
serial practice and then random practice over time. 
Sport specific activities were introduced in week 
five and continued to progress through week eight, 
emphasizing dual task performance. For example, 

initially the subject performed jumps while holding 
a basketball. She progressed to catching and throw-
ing the ball during landing, and then to dribbling 
during cutting and hopping, as well as performing a 
layup and landing appropriately.

Outcome
The subject underwent re-testing mid-training, post-
training, and again after eight weeks without super-
vised training for retention testing (Figure 1). All 
parts of the initial examination were performed at 
re-testing, including administration of the IKDC and 
ACL-RSI, effusion testing, knee flexor and extensor 
strength testing, and biomechanical analysis of the 
single leg landing task.

The subject’s subjective functional level as mea-
sured by the IKDC improved throughout training 
to 95% (Figure 2). A change score of more than 20 
points has a specificity of 0.84 for perceived improve-
ment.65 Since the change in the subject’s IKDC score 
was 28 points, it is likely that she considered her 
condition improved. Her confidence in her knee’s 
performance as measured by the ACL-RSI increased 

Figure 5. Subject performing lateral barrier hops in body weight support system with 20% body weight support.
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injured their ACL and undergone ACL reconstruc-
tion. Recent reviews by Ardern et al18,66 have shown 
that psychological factors such as fear of movement 
and lack of confidence in the surgical knee play large 
roles in whether an athlete returns to their original 
level of activity after ACL reconstruction. However, 
no previous studies have demonstrated the ability to 
decrease post-surgical fear and increase confidence 
with physical training. This subject’s gains in confi-
dence and function with gradually increasing expo-
sure to plyometric activity are consistent with those 
of graded exposure for psychologically driven activ-
ity limitation.41

Following ACL reconstruction, many patients are 
released to sport based solely on the elapsed time 
since surgery.67 However, the intensity of the fear 
stimulus in returning to play may be psychologi-
cally traumatic.5,18 Repeated exposure to the high 
intensity stimulus may not be enough to counteract 
fear behaviors. The current subject had undergone 
a six-month period of rehabilitation following her 
ACL reconstruction seven years previously, and had 
returned to playing recreational basketball. Regard-
less, she was unable to regain functional mechanics 
and confidence in her knee. However, by gradually 
performing sport-specific activities in a safe envi-
ronment, she was able to increase in confidence and 
function simultaneously. Her success demonstrates 
that interventions for motor skill re-training can be 
effective, regardless of the time since surgery.

As expected, the subject increased peak knee flexion 
and decreased peak VGRF during landing, and con-
tinued to improve in these measures over the entire 
training period. She demonstrated relative retention 
of her improvement in mechanics after eight weeks 
without training or contact with the investigators. 
Her strength symmetry also improved, which may 
have contributed to her mechanical improvements. 
Recent evidence has shown an effect of plyometric 
training on maximal volitional strength.68 However, 
Herman et al69 found no significant differences in 
kinematic and kinetic variables during a stop jump 
task before and after a nine-week strengthening pro-
gram. Therefore, rather than strength gains affecting 
habitual mechanics, the opposite effect is posited. 
As the subject’s mechanics improved, her strength 
increased. Indeed, her continued increase in 

to 84% (Figure 2). Muller et al54 found that people 
that returned to sport had an average ACL-RSI score 
of 76.8%. She maintained her increased level of func-
tion and improved psychological readiness for sport 
over the two-month retention period. Six months 
following the conclusion of BWS training, the subject 
reported that she had progressed to running over six 
miles without knee pain. At the end of the training 
period, she reported that she had been playing bas-
ketball without consideration of her knee.

The subject’s strength symmetry improved slightly 
throughout the training period. Further improve-
ments in strength symmetry were made during the 
two month retention period; as at the retention testing 
session, she demonstrated equal strength compared 
with the nonsurgical side (Table 2). She presented 
without effusion at all follow-up testing sessions, 
and her PROM remained symmetrical. Her VGRF 
in landing decreased by 0.5 BW through the training 
and retention periods (Figure 3). Her peak knee flex-
ion in landing increased by 31° within the first four 
weeks, then maintained at the same approximate 
level of peak flexion. Peak hip flexion also increased 
through training, and continued to increase over the 
retention period. Ankle dorsiflexion during landing 
remained approximately the same with training. 

DISCUSSION
In this case report, BWS was used to modify an evi-
dence-based jump training protocol to mitigate the 
inherently high intensity of jump training, allow-
ing the subject to both increase training volume and 
target movement deficits in accordance with motor 
learning principles. Additionally, BWS decreased 
the perceived threat of injury with landing, thereby 
decreasing the likelihood of inducing subject appre-
hension. The current findings demonstrate that 
successful retraining of athletic tasks is possible 
in a subject with a history of ACL reconstruction 
and knee dysfunction. In particular, high volume 
training with BWS improved subjective outcomes, 
strength symmetry, and mechanical performance. 
Retention of these improvements after 8 weeks 
without training suggests that the new landing strat-
egy had become a habitual pattern. 

Chmielewski et al17 have documented high fear of 
movement (or kinesiophobia) in people who have 
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sure gradients.47 Additionally, while jump landing is 
primarily an eccentric task, the aquatic environment 
allows nearly exclusive concentric activity.47 Alter-
natively, a plyometric leg press can allow patients 
to practice jumping or hopping in place. While this 
does, again, reduce the amount of compression load 
through the limb, gravitational forces continue to 
be felt by the body. During a jump on a plyometric 
leg press positioned at 45 degrees or parallel to the 
ground (as with a Pilates Reformer), for example, a 
person must utilize the hip flexors to maintain the 
leg in a position for landing. Again, specificity is lost. 
These applications are also confined to a small, solid 
landing platform, disallowing any sport specificity. 
The BWS system utilized in this case allows near 
total specificity of movement as well as support dur-
ing cutting, pivoting, and other sport specific tasks. 

While this case report focused on a young ath-
lete with chronic deficits in absorption of VGRFs 
in landing, BWS may be useful at earlier times in 
the healing process and in the treatment of other 
functional deficits in other populations. For exam-
ple, BWS may allow early and intensive retraining 
of landing mechanics following ACL reconstruc-
tion prior to return to sport. Athletes returning to 
closed-chain activity following cartilage or meniscal 
repair may also benefit from a more specific train-
ing environment. Performance of a full squat or sit 
to stand involves complex weight shifting and bal-
ance along with force production. Performance of 
a full squat in an aquatic environment changes the 
amount of support offered by the water, and a leg 
press machine does not challenge the balance com-
ponent of the squat task. Stair climbing and descent 
frequently remain problematic for people with total 
knee arthroplasty,71 including many older athletes. 
It is difficult to decrease the intensity of the activ-
ity without decreasing the height of the stair and 
thereby reducing task specificity. 

The current case report also provides an example 
of the relative importance of volume and inten-
sity in retraining complex movement patterns. As 
when retraining gait patterns following neurological 
insult,42,43 high training volume may be necessary to 
attain appropriate neuromuscular adaptation. In rats 
with spinal cord transection, 1000 steps per training 
session improved stepping quality more than 100 

strength over the retention period without any train-
ing intervention further supports the hypothesis that 
habitual changes in mechanics led to strength gains. 

Further contribution to her mechanical improve-
ments may have come from healing of the subject’s 
reported bone bruise, which had been demonstrated 
by MRI two months prior to her initial examination. 
The treating therapist was unable to obtain an imag-
ing report to differentiate between subperiosteal 
hematoma or bone marrow edema. However, the 
time from the subject reported MRI to her laboratory 
examination was 7.5 months, during which time 
either problem would be likely to heal. At the time 
of laboratory examination, her mechanics in single 
leg landing remained demonstrably poor. Improve-
ments in her mechanics in the next to months are 
most likely due to intervention, rather than healing 
of the bone bruise. The presence of a bone bruise 
does suggest a chronically insufficient use of the 
muscular shock absorbers and inappropriate impact 
force transmission and trauma to bony structures. 
The subject had previously been unable to modify 
her movement patterns without direct intervention 
into her mechanical behaviors, in keeping with evi-
dence demonstrating a high risk for poor long-term 
outcomes following ACL reconstruction.7-10,12,20 The 
current case report demonstrates that chronically 
dysfunctional movement patterns can be changed 
through direct intervention in the form of task-spe-
cific training, even with extensive time since the 
original injury and rehabilitation.

Prior efforts to mitigate loading during sporting tasks 
have utilized three basic methods: aquatic therapy, 
plyometric leg press, and treadmill mounted sys-
tems such as the AlterG® (AlterG,Inc, Fremont, 
CA).44,45,47,70 Indeed, the subject in this case study 
was initially treated via a plyometric leg press (the 
Total Gym®) to avoid excessive compression due to 
her verbal report of a bone bruise. All of these meth-
ods suffer from a lack of specificity to task training. 
The aquatic environment does support the center 
of mass and provides effective mitigation of load 
according to the level of body submersion. However, 
speeds of body and limb movement differ substan-
tially from standard exercise due to hydraulic and 
drag forces, which can also create abnormal shear 
torques through joints due to turbulence and pres-
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ABSTRACT
Background and Purpose: This case report describes a physical therapist’s use of diagnostic ultrasound 
imaging in the decision making process used to refer a patient to a physician for a suspected fibular stress 
fracture. The purpose of this case report is to 1) describe the history, subjective examination, and objective 
examination findings of a fibular stress fracture, 2) describe the ultrasound findings associated with a fibu-
lar stress fracture, and 3) describe the decision making process of a physical therapist in the decision to 
refer the patient to a medical physician for further work-up. 

Case Description: A 52-year-old female recreational runner with a recent increase in running intensity 
self-referred to a physical therapist with a 19-day history of lateral lower leg pain. Examination revealed 
relatively normal ankle range of motion, mild weakness of ankle invertors and evertors, no increase in 
pain with resisted muscle tests of the ankle, and tenderness to palpation over the fibularis brevis muscle 
and distal fibula. Diagnostic ultrasound examination of the fibularis muscles revealed cortical irregularity 
of the distal third of the fibula in the location of tenderness. 

Outcomes: The physical therapist used the abnormal ultrasound findings, running history, symptoms, and 
physical examination for differential diagnosis, and decided to refer the patient to a physician for further 
examination. Radiographs revealed a fibular stress fracture. Follow-up ultrasound imaging demonstrated a 
mixed hypoechoic-hyperechoic appearance of the fibular cortex typical of healing fracture and the pres-
ence of bony callus. 

Discussion: Diagnostic ultrasound imaging is increasingly being used by physical therapists to guide reha-
bilitation. Ultrasound imaging of musculotendinous structures may display adjacent bone. Physical thera-
pists should be knowledgeable of normal and abnormal bony ultrasound imaging findings. Abnormal 
ultrasound findings may be one sign indicating the need to refer a patient for consultation by a 
physician. 

Key Words: Differential diagnosis, musculoskeletal ultrasound, running, stress fracture
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BACKGROUND AND PURPOSE
Stress fractures are common injuries in runners, ath-
letes, and military recruits due to repeated mechani-
cal loading experienced during activities such as 
running and marching.1-8 Excessive repetitive sub-
maximal loading of normal bone without sufficient 
rest time results in greater osteoclastic than osteo-
blastic activity of the loaded bone.9,10 This excessive 
stress on normal bone leads to the development of 
microfractures, which is known as a stress reaction.9 
If repeated submaximal loading continues without 
sufficient rest, the bone stress reaction may progress 
to a stress fracture, a fracture of the bone cortex.9,10 
The reported incidence of stress fractures in athletes 
varies according to sport; however, track and field 
athletes have been reported to have the highest inci-
dence rates of lower extremity (LE) stress fractures.11 
Incidence of LE stress fractures among competitive 
track and field athletes may be as high as 20%.11,12 
Incidence of LE stress fractures among recreational 
and competitive runners was reported to be 8.3% in 
males and 13.2% in females.13 The bones with the 
greatest incidence of stress fractures include the 
tibia, metatarsal, fibula, tarsal, femur, and pubic 
bones.2,3,7,10,11,14,15 The incidence of fibular stress frac-
tures in athletes and military recruits is reported to 
range from 3.5% - 29.6%, depending on the popula-
tion.2-4,7,10,11,14,16 In a recent literature review, Kahanov 
and colleagues16 reported the proportion of fibular 
stress fractures among runners to be 7% - 12% of all 
stress fractures; however, the proportion may be as 
high as 33% and 20% of stress fractures in female 
and male distance runners, respectively.11

Risk factors for stress fractures can be classified 
as extrinsic or intrinsic.17 Extrinsic risk factors are 
causes that exist external to the individual affecting 
his or her risk of developing a condition, e.g., par-
ticipation in activities or environmental features.17 
Intrinsic risk factors are features that exist within the 
individual that impact his or her likelihood of con-
tracting a condition, e.g., gender or biomechanics.17 
Reported extrinsic risk factors for stress fractures 
include participation in running sports, military 
recruits’ participation in basic training, increased 
training intensity (speed or duration/number of 
training sessions), and participation in recreational 
running more than 25 miles per week.1,17 Intrinsic 

risk factors for stress fractures are reported to include 
female gender, amenorrhea, reduced caloric intake, 
reduced physical fitness, decreased bone mass, and 
previous history of stress fracture.1,17-19 In a recent 
meta-analysis, Wright and colleagues18 reported that 
the two strongest risk factors for a LE stress fracture 
in runners are a history of a stress fracture (odds 
ratio [OR] 4.99; 95% confidence interval [CI] 2.91 to 
8.56; p<0.001) and female gender (OR 2.31; 95% CI 
1.24 to 4.29; p=0.008).

Diagnosis of stress fractures requires a careful review 
of an individual’s activity including current and past 
exercise regimens.9 The history may reveal a recent 
change in exercise/training such as increased inten-
sity or alteration in terrain.1,9 There is a high inci-
dence of recurrence of stress fractures,18,20,21 thus, a 
history of previous musculoskeletal injuries should 
be explored.1,22 Pain may be constant or intermittent, 
depending on the severity of the fracture.1 Physical 
examination may reveal point tenderness on bones 
which are accessible to palpation.3,9 Active and pas-
sive joint movement may be painful if the fracture 
is close to a joint.3 Resistive muscle tests may be 
painful if the tested muscle is attached to the por-
tion of bone with the stress fracture or if resistance 
causes movement of the fracture site.3 Soft tissue 
swelling and warmth may be present.9,19 However, 
tenderness to palpation, appreciable swelling, and 
palpable warmth may not be apparent in bones with 
extensive overlying soft tissue or for stress fractures 
that are less severe.3,15 Stress fractures in LE bones 
cause pain in stressful weight-bearing activities such 
as running.2,15 More severe LE stress fractures may 
provoke pain during less stressful weight-bearing, 
for example during walking.1,15,19 Stress fractures of 
the fibula are most common in its distal third and 
cause pain in the lateral distal third of the lower 
leg.2,15 Additional pathologies that may cause pain in 
this location include fibularis muscle strain or ten-
dinopathy (particularly fibularis brevis) and lateral 
ankle ligament sprain.1

Ultrasound imaging (USI) has been used to examine 
musculoskeletal tissues,23-25 including diagnosis of 
fractures.26-29 Behrens and colleagues2 suggested that 
USI could be useful to diagnose stress fractures since 
it is non-invasive and relatively easy to perform. 
The sensitivity and specificity of USI for  diagnosis of 
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early metatarsal stress fractures in persons with nor-
mal radiographs was reported to be 83% and 76%, 
respectively.30 Physical therapists (PTs) currently 
use USI to examine muscle, tendon, and other soft 
tissues to determine optimal rehabilitation strate-
gies.24, 25, 31 Since USI may reveal bony changes con-
sistent with fractures, PTs should be knowledgeable 
in USI findings for stress fractures. If present, these 
examination results may be signs used by the clini-
cian in the decision to refer a patient to a medical 
physician. The purpose of this case report is to 1) 
describe the history, subjective examination, and 
objective examination findings of a fibular stress 
fracture, 2) describe the USI findings associated with 
a fibular stress fracture, and 3) describe the decision 
making process of a PT in the decision to refer the 
patient to a medical physician for further work-up.

CASE DESCRIPTION: HISTORY AND 
SYSTEMS REVIEW
The subject was a 52-year-old female who partici-
pated in a “couch-to-5K” running training program. 
She self-referred to a PT with a chief complaint of 
constant right lateral ankle pain that prevented her 
from participating in recreational running. The sub-
ject reported that she first felt mild pain towards the 
end of a 20-minute run 19 days prior. The pain did 
not prevent her from finishing the run, was initially 
mild in intensity, and abated with completion of the 
run. But symptoms returned and became severe fol-
lowing her participation in a 5 kilometer (5K) run 
nine days prior to her physical therapy examination. 
She reported that the pain was severe and she was 
not able to tolerate normal weight-bearing on the 
right LE during running. However, she continued to 
run and completed the 5K despite the pain. Although 
the pain had decreased in intensity since the 5K, the 
subject reported that she was concerned because it 
was still constant despite cessation of running. 

The subject’s chief complaint at the time of initial 
examination was constant right LE pain, localized 
posterior to the distal third of the fibula. Numeric 
pain rating was reported to be 2-8 on a verbal scale 
of 0-10 (10 = worst pain). The pain was worsened by 
weight-bearing and palpation; pain was relieved by 
remaining non-weight-bearing. The subject’s goals 
for physical therapy were to be able to return to run-
ning for fitness.

The subject’s medical history was unremarkable 
related to LE injury. Prior to participation in the 
couch-to-5K program, she reported exercising at a 
fitness center two to three times per week includ-
ing weight training and cardiopulmonary activi-
ties (elliptical or treadmill running). This included 
treadmill walk-run interval training for 20-30 min-
utes at approximately 3.0 - 5.0 miles/hour for dis-
tances of 1.5 – 2.5 miles. The subject reported that 
she tried to alternate weeks of treadmill training 
and elliptical training for 20 – 30 minutes per ses-
sion. Her weight training included use of exercise 
machines for LE and lower back strengthening, free 
weights for upper extremity resistance exercise, and 
planks and therapeutic exercise ball exercises for 
abdominal and back exercise. She reported no previ-
ous injuries from running or exercising. Medications 
included only a daily multivitamin.

CLINICAL IMPRESSION #1
The subject’s primary problem was an inability 
to run and difficulty with full weight-bearing on 
the right LE during ambulation due to moderately 
severe lateral lower leg/ankle pain. Given the loca-
tion of symptoms and running as the mechanism of 
injury, the differential diagnosis list included fibu-
laris muscle strain/tendinopathy and fibular stress 
fracture. The plan for the examination included a 
focused exam of the right LE including the selective 
tissue tension tests, palpation, and USI examina-
tion of the musculotendinous tissues. The PT was 
an experienced clinical researcher with five years 
of experience using USI for examination of degen-
erative and traumatic conditions of the Achilles ten-
don, gastroc-soleus muscle group, plantar fascia, and 
other musculotendinous structures of the LE.

EXAMINATION
Physical examination began by observing the sub-
ject’s gait while ambulating to the examination room. 
She ambulated without an assistive device with 
decreased stance time on the right LE, decreased 
left step length, a reduced heel rise at right terminal 
stance, and slow gait speed. Observation revealed 
a mild hallux abductovalgus deformity on the right 
foot. Non-pitting edema at the right lateral distal 
lower leg and proximal lateral foot was present along 
with mild warmth to palpation. Right ankle active 
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and passive motion did not alter symptoms and 
were nearly equal to the left ankle (plantarflexion, 
dorsiflexion, inversion, and eversion). Resisted tests 
of right ankle inversion and eversion were painless 
and 4+/5 strength on manual muscle testing, com-
pared to 5/5 for the left LE. Sensation was intact to 
light touch in both distal LE. There was tenderness to 
palpation over the right fibularis brevis muscle pos-
terior to the fibula and on the fibula approximately 
6 cm proximal to the inferior border of the lateral 
malleolus. A firm enlargement over the fibula was 
palpable at the location of tenderness. 

The PT performed an examination of the fibularis 
brevis muscle in the area of tenderness with com-
parison to the contralateral fibularis brevis muscle 
in order to determine if changes in muscle architec-
ture were present. Longitudinal USI images of the 
distal fibulae and surrounding tissues were taken 
with a LOGIQR e USI system with a 7.5 MHz, 38 mil-
limeter linear-array probe (GE Healthcare, Wauwa-
tosa, WI, USA). The USI settings were B mode, 10 
MHz, depth 3.5 cm, image width 3.84 cm. Images 
were captured over the area of tenderness to palpa-
tion of the right distal fibula, approximately 4 cm 
– 8 cm superior to the inferior border of the lateral 
malleolus. This revealed an alteration of the normal 
contour of the right distal fibula at the location of 
tenderness (Figure 1). A 1.90 cm long hypoechoic 
area was visible overlying the normal hyperechoic 
surface of the bony cortex.

CLINICAL IMPRESSION #2
The initial impression of severe strain of the fibu-
laris brevis muscle was ruled out by the lack of 
alteration of symptoms by active ankle motion, the 
strong, painless result from resisted tests of the ankle 
evertors, and the apparently normal results for USI 
assessment of the fibularis brevis musculotendinous 
unit.32,33 The findings of point tenderness of the distal 
fibula, warmth, edema, constant pain, increased pain 
with weight-bearing, history of recently increased 
duration and frequency of running activity, and 
apparent unusual contour of the fibula on USI exam-
ination made the PT suspect a possible fibular stress 
fracture.1,15,19,34 The PT instructed the subject to con-
tact a medical physician for further work-up. Use of 
crutches for ambulation  non-weight-bearing on the 

right LE was recommended; however, the subject 
declined. She reported that she had a straight cane 
and that she would use that to decrease weight-bear-
ing on the right LE. It was also recommended that 
she minimize ambulation and refrain from running 
until she was examined by a medical physician. 

Figure 1. Longitudinal ultrasound images of the distal fi bu-
lae, taken 19 days following symptom onset. (A) Distal left 
fi bula approximately 4 cm - 8 cm superior to the lateral mal-
leolus; malleolus on the left (white arrow). The bony cortex is 
visible as a horizontal hyperechoic line. (B) Distal right fi bula 
approximately 4 cm - 8 cm superior to the lateral malleolus; 
malleolus on the left (white arrow). A 1.90 cm long area of 
apparent periosteal thickening (wide yellow arrow) visible as 
a hypoechoic area (white arrowhead) overlying the hyper-
echoic bony cortex (between the white crosses). Infl ammation 
in the soft tissues is visible as hypoechoic areas in the overly-
ing soft tissue (bent arrow).
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OUTCOME
The subject’s examination by a physician was delayed 
due to a previously planned trip. Due to persistent 
intermittent pain during ambulation, the subject 
made an appointment with a podiatrist following her 
return. Radiographs taken four weeks after her physi-
cal therapy examination revealed a healing stress 
fracture of the distal fibula (Figure 2). Since symp-
toms and ambulation were improving, the podiatrist 
recommended continued conservative management. 
This consisted of refraining from running until symp-
toms were completely abated, and then gradual 
resumption. The subject contacted the PT to relay the 
results of her examination by the podiatrist. Repeat 
USI revealed enlargement of the area of visible cor-
tical irregularity (Figure 3). Eight weeks following 
the injury, the subject reported being pain-free dur-
ing ambulation. She was able to return to running on 
the treadmill and on an indoor cushioned track six 
months following the initial injury.

The couch-to-5K program in which the subject partic-
ipated included walk-run interval training sessions 
three times per week that began with 20 minutes 
of 60-second jog intervals alternated with 90-second 
walk intervals bounded by five-minute warm-up 
and cool-down walks (Run for God, Varnell, Geor-
gia, USA). The program progressively increases jog-
ging time while decreasing walking time for a total 
time of 30 minutes for 10 weeks. During week 11 
the running time was 30 minutes with five-minute 
walking warm-ups and cool-downs. Running based 
upon distance began in week 12 with two-mile jogs 
and finally three-mile jogs. The 5K race was follow-
ing week 12. The subject reported that she first felt 
symptoms at the end of week nine of training in 
which she ran approximately 2.5 miles three times. 
She developed constant pain when she participated 
in a 5K at the end of week 10 of training.

DISCUSSION
This case report has shown how the results of por-
table USI were useful in the decision making process 
to refer a 52-year-old female recreational runner to 
a physician for a suspected fibular stress fracture. 
Physical therapists have been reported to use thera-
peutic ultrasound to screen for the presence of stress 
fractures.35 Although it is currently not common 

Figure 2. Radiographs of the right lower leg, taken 47 days 
following symptom onset. (A) Anterior-posterior view of the 
right lower leg and ankle. Distal fi bular stress fracture con-
fi rmed by bone callus at the area of symptoms (yellow arrow). 
(B) Oblique view of the right lower leg and ankle. Fibular bone 
callus evident (yellow arrow); improved visualization of callus 
in oblique view as compared to anterior-posterior view.

Figure 3. Longitudinal ultrasound image of the right distal 
fi bula, taken 53 days following symptom onset. Ultrasound 
settings: B mode, 10 MHz, depth 3.5 cm, image width 3.84 cm. 
Fibular bone callus evident as a 2.30 cm long area of cortical 
irregularity with a mixed hypoechoic-hyperechoic appearance 
(between the white crosses). Posterior acoustic shadowing 
from the bone callus visible (between the white arrows).
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practice for PTs to use USI to diagnose fractures, the 
clinical use of USI by PTs to make qualitative assess-
ments of muscle architecture in rehabilitation is 
growing.36,37 Physical therapists have been reported 
to use USI to assess the trunk muscles in persons 
with low back pain, the infraspinatous muscle in 
persons with shoulder impingement syndrome, the 
scapular muscles in persons with lateral epicon-
dylalgia, and the levator ani muscles in persons with 
pelvic floor dysfunction.24,25,38-42 Ultrasound imaging 
provides visualization of muscle tissue and is able 
to provide dynamic images of muscle during con-
traction and activity.37 Since abnormal findings of 
bony structures may be visible with USI, PTs should 
be knowledgeable of normal versus abnormal bony 
architecture to aid in clinical decision making.

The fibular stress fracture developed by this recre-
ational runner was initially not suspected as the cause 
of her symptoms due to her relatively small amount 
of running. Although the subject did recently increase 
her running mileage and frequency, this was done 
over a period of nine weeks. Her reported weekly 
mileage was much less than 25 miles per week, the 
amount reported to be an extrinsic risk factor for 
stress fractures.1 She reported exercising several times 
per week prior to beginning the “couch-to-5K” run-
ning training program. The training program utilized 
interval training, which was found to be protective of 
running related injuries in a prospective study of rec-
reational runners.43 Although a 10% rule for a graded 
progression of exercise volume is commonly recom-
mended, there is insufficient evidence to the benefi-
cial effects of such a program.44,45 But in light of the 
diagnosis, it is apparent that several risk factors for a 
stress fracture were present including female gender, 
altered training regimen for both amount and sur-
face of running terrain, and a possible biomechanical 
risk factor related to the foot structure of the patient’s 
right foot.1,17,18 It is possible that additional factors may 
have contributed to development of the stress fracture 
including hormonal influences, older age, nutritional 
deficiencies, reduced physical fitness, reduced bone 
mass, and being a novice runner.17,46 Lower estrogen 
levels in amenorrheic female athletes was reported to 
interfere with the ability of bone to adapt to increased 
mechanical loading due to disruption of the osteoclast/
osteoblast activity.9,17 It may be that  perimenopausal 

female recreational athletes are at increased risk of 
stress fractures due to lower estrogen levels, amen-
orrhea, and reduced caloric intake for weight loss. A 
recent meta-analysis found that novice runners were 
at greater risk for running-related injuries versus regu-
lar recreational runners.46 

Although fibular stress fractures have been reported, 
this is the first case reporting the use of USI find-
ings of a distal fibular stress fracture.47-49 A system-
atic review concluded that USI was accurate for 
diagnosis of long bone fractures in the emergency 
department setting.26 Ultrasound imaging has also 
been used at the hospital bedside for diagnosis of 
pediatric long bone fractures.29 Metatarsal and tibial 
stress fracture cases diagnosed with USI have been 
reported.34,50,51 A case series of primarily metatarsal 
stress fractures included one case of an adolescent 
male with a proximal fibular stress fracture.49 Impor-
tantly, comparison of USI findings to MRI for detec-
tion of early metatarsal stress fractures in persons 
with negative radiographs demonstrated sensitivity 
of 83%, specificity of 76%, a positive likelihood ratio 
of 3.45, and a negative likelihood ratio of 0.22.30 A 
recent systematic review of studies examining diag-
nostic imaging for LE stress fractures reported that 
USI has higher sensitivity than specificity.52 The 
authors recommended that the best use may be to 
rule out a LE stress fracture when USI findings are 
negative; magnetic resonance imaging is the cur-
rent recommended “gold standard” to diagnose a LE 
stress fracture.52 

The USI image cortical irregularity overlying the 
stress fracture in this case is similar to the reported 
findings of earlier case reports involving the tibia 
and the metatarsals. This case has a few additional 
findings of interest, notably visible periosteal eleva-
tion demonstrated by the hypoechoic area overly-
ing the hyperechoic area of the bony cortex and 
hypoechoic areas in the soft tissues, which are fluid 
from inflammation.51 Ultrasound imaging signs 
reported to indicate a stress fracture include perios-
teal elevation, fluid in the soft tissue surrounding the 
bone, increased acoustic shadowing posterior to the 
stress fracture, and increased vascularization due to 
healing (visible on Doppler color USI).49,53,54 The fol-
low-up USI illustrates posterior acoustic shadowing 
and the mixed hypoechoic-hyperechoic character of 
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healing bone callus, visible on the subject’s radio-
graph taken a few days prior.28,49,51,53 It may be that 
the tender, firm enlargement palpated by the PT over 
the subject’s fibula was a healing bone callus at the 
site of the stress fracture. Physical therapists using 
gray-scale USI to assess muscle morphology should 
be alert for signs of cortical irregularity, increased 
posterior shadowing, increased vascularization, and 
hypoechoic areas overlying normal hyperechoic 
bone as possible signs of occult stress fractures.49,53 If 
color Doppler USI is used, the PT should be alert for 
signs of increased vascularization as an early indica-
tion of bone healing in a suspected stress fracture.54

Ultrasound imaging is being used more frequently 
for assessment of muscle morphology and motor con-
trol in rehabilitation and for clinical diagnosis.23,26,29,55 
Reported benefits to USI as an imaging modality are: 
it does not expose a patient to radiation, it is inex-
pensive, it may be portable, it is becoming readily 
available, and it is easy to perform.1,29,53 Physical 
therapists are using USI to assess musculoskeletal 
structures for clinical decision making in designing 
the rehabilitation program.25,41,42,56 In response to the 
growing clinical use of USI by PTs, recommendations 
regarding its use by PTs have been published.55,57 
This case report suggests that USI may be useful to 
assist clinicians with clinical decision making as a 
screening tool for the need to refer.26,34 Although fib-
ular stress fractures are considered low risk injuries 
since they are not likely to progress to complete frac-
ture or to develop nonunion or delayed union, they 
still may result in significant morbidity if not man-
aged properly.9,16 Importantly, USI may be useful for 
examination of other bones in which stress fractures 
are considered high risk, such as the femur.9,15,16 If 
PTs have access to this diagnostic imaging device, 
the images collected may be useful to send with a 
patient when referring him/her to a medical physi-
cian. This is only a case report; however, so firm con-
clusions cannot be made. Future research is needed 
to evaluate the sensitivity and specificity of USI for 
the detection of early stress fractures.30,52 

CONCLUSIONS 
This case report has shown the use of USI results in 
the decision making process of a PT to refer a recre-
ational female runner for a suspected fibular stress 

fracture. The abnormal bony findings of the right 
fibula, coupled with the patient history, age, gender, 
constant pain, and physical examination findings 
indicated that referral to a medical physician was 
necessary. This case illustrates the importance of a 
PT being familiar with bony findings on USI since 
they may be signs of an occult stress fracture. This 
may be particularly important for those PTs examin-
ing patients who are self-referred or for patients who 
have only been examined with plain radiography. 
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ABSTRACT

Background and Purpose: Participation in baseball is prevalent across all age groups. Baseball injuries are 
common and can impact a player’s ability to participate. An injury to any region can influence the player’s 
ability to swing the bat. As a part of the athlete’s rehabilitation, a sports-specific program should be imple-
mented re-introducing the hitting cycle that addresses proper biomechanics as well as providing a progres-
sive atmosphere to return to hitting. Although there are several return to throwing progression programs 
in the literature, to the author’s knowledge no published hitting progression programs exist. Thus, the 
purpose of this clinical commentary is to propose a progressive return to hitting program that emphasizes 
proper mechanics for ballplayers who have sustained an injury.

Description of Topic: This return to hitting program describes in detail the phases of the baseball hitting 
cycle. Proper biomechanical information is provided on each phase that can be used to assist the clinician 
in injury prevention. This article gives the healthcare professional guidance for assessment for appropriate 
readiness for return to sport using impairment measures, patient-report measures, and physical perfor-
mance measures. The purpose of this hitting progression is to provide a safe, gradual increase in hitting 
intensity by moving from a fixed position to soft toss and finally to increasing pitch velocity.

Discussion: This interval hitting program guides the clinician from when the patient is ready to begin hit-
ting through a full return to sport. Use of appropriate hitting mechanics must be ensured during rehabilita-
tion to avoid compensation. Similar to the return to throwing programs that exist, this interval hitting 
progression program can provide a framework to quantify progression and reduce the chance of re-injury 
from occurring during the return to sport phase of rehab.

Keywords: Baseball, hitting, injury progression

Level of Evidence: Level 5
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INTRODUCTION
Baseball has gained popularity over the years and 
participation continues to increase. Estimates have 
shown that 4.8 million children between the ages of 
4-15 years old participate in some form of competi-
tive or recreational baseball.1 This popularity does 
not stop at the youth level of play, rather it contin-
ues into higher levels as well. As many as 11.5 mil-
lion athletes participate in the sport of baseball at 
the high school and club levels.2 Compared to other 
high school sports, baseball and softball were ranked 
second in popularity during the 2012-2013 school 
year.3 An estimated 27,262 athletes are involved in 
baseball amongst all divisions of collegiate play.4 
At the professional level, 750 athletes participate in 
Major League Baseball while approximately 2,100 
participate in minor league baseball each year.5

As with any other sport, playing baseball can lead 
to injury. To ensure the athlete does not suffer 
another injury, the athlete should be slowly pro-
gressed back into sport. Interval sport programs 
are created to provide a progressive atmosphere in 
which the athlete can return to sport-related tasks 
in a safe manner.6 Although several return to throw-
ing progression programs exist in the literature, to 
the author’s knowledge no current hitting progres-
sion program is available in the published literature. 
Experts in the past have postulated such a program; 
however, further commentary and detail needs to be 
addressed.7 In addition to a progressive return to hit-
ting program, an introduction of proper biomechan-
ics related to the baseball swing that uses the entire 
kinetic chain must be addressed to reduce the onset 
of re-injury. 

INJURIES IN BASEBALL
Between the years of 1994 to 2006, an estimated 
1,596,000 children under the age of 18 were treated 
in United States emergency departments for base-
ball related injuries.2 Injuries that occur in baseball 
can involve the upper extremity, lower extremity, 
back, head/neck and the trunk. For college par-
ticipants, of the reported injuries 58% were of the 
upper extremity, 27% involved the lower extremity, 
15% involved the trunk or back, and 7% the head or 
neck.4 At the professional level, 47%-51% of injuries 
involved the upper extremity.8,9 At the high school 

level, 1.49 injuries occur per 10,000 athletic expo-
sures, with an estimated 64,229 injuries occurring 
annually in the United States.10

Risk of injury can also be influenced by position par-
ticipation. Pitchers at the professional level, many of 
whom do not bat, missed more days of play related 
to upper extremity injuries, whereas catchers and 
positional players missed more days for lower 
extremity injuries.9 Younger players may find them-
selves not only pitching, but also playing additional 
positions. Risk of injury at this young age is rising as 
participants play on more teams during a single year 
and throw more during practices and games.11, 12 The 
frequency at which medial elbow pain occurs in ado-
lescent baseball players can be found to be between 
4 -49%.13, 14It is not atypical for a youth athlete to be 
called upon to play a position in the field, possibly 
pitch, and bat in a regular season of play. Due to the 
high axial trunk velocity that occurs during the base-
ball swing, injuries can occur at the lumbar spine 
and abdominal musculature as well. Ten percent of 
the injuries among Major League Baseball players 
occurred in the trunk, and of these, half occurred 
in the abdominal musculature.8 Other literature has 
shown that out of the reported 69 cases of symp-
tomatic lumbar disc herniation, 58% of these inju-
ries at the professional level were related to hitting.15 
Even though throwing causes most injuries in the 
upper extremity, the high velocity produced by the 
shoulders during the baseball swing combined with 
repetition can cause injury. A syndrome known as 
batter’s shoulder occurs due to continual exposure 
to the baseball swing producing posterior instability 
of the lead shoulder; but the incidence of this injury 
is comparatively low.16, 17 Even though most baseball 
and softball injuries are not a direct result of hitting, 
there is not a segment in the body that does not play 
a significant role in the player’s swing. Much of the 
clinicians thought process is using regional interde-
pendence to restore proper throwing mechanics as 
well as a controlled return to throwing. What many 
clinicians forget is that those injured players will 
have to return to hitting as well.

To return injured athletes back to all aspects of base-
ball or softball, many will need attention paid to 
return to hitting. As part of their rehabilitation, an 
appropriate return to hitting progression must occur 
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to ensure the athlete’s safety regarding re-injury and 
further injury prevention. To gain a full appreciation 
of this progression, one must first understand the 
biomechanics that occur during the hitting cycle. 
Thus, the purpose of this clinical commentary is to 
propose a progressive return to hitting program that 
emphasizes proper mechanics for ballplayers who 
have sustained an injury.

OVERVIEW OF HITTING MECHANICS
The mechanics of hitting have been broken into sev-
eral phases: the preparatory phase, stance phase, 
stride phase, drive phase, bat acceleration phase and 
follow through phase.18 (Table 1) These combined 
phases produce the baseball swing, which assists 
in making contact with the baseball. This section 
will make reference to the baseball swing; however, 
these thoughts could translate into the swing used 
by a softball player as well. In order to understand 
the intricate nature of the hitting cycle, one must be 
a keen observer of each phase and how their succes-
sive order can play an influential role in producing 
the swing.

PREPARATORY PHASE
Prior to initiating the hitting cycle, the batter must 
assume a position that is optimal and individual-
ized to meet the needs of their swing. There are 
many personalized differences in preference for 
the stance. The closed stance, where the hitter’s 
front foot is positioned closer to home plate than 
the back leg, is typically used by hitters who have a 
tendency to open their hips at an earlier moment.19 
It is also often used for hitters who have difficulty 

attempting to swing at pitches placed further away 
from their body.19 Limitations to using this type 
of stance include the inability of the hitter to pro-
duce full rotation of the hips and axial spine, espe-
cially when pitches are thrown closer to the body.19 
Another stance that is often used by batters is the 
open stance. This is where the front foot is placed 
further away from home plate than the back leg, 
which is often used by hitters who have a tendency 
to pull the ball or hit toward their field of prefer-
ence.19 Other authors have argued that the square 
stance provides the most optimal position, where 
the feet are shoulder width apart and the toes are 
pointed toward home plate, because it gives the bat-
ter the ability to hit pitches that are placed within 
any area located around home plate.19 This stance 
also provides no compensatory movement or extra 
motion to rotate through the baseball swing making 
it more efficient.19

After the athlete has assumed this preparatory posi-
tion, the initiation of the baseball swing can be fur-
ther discussed in several stages. Each one of these 
stages is summarized in Table 1. Like any other 
high velocity movement, the art of hitting is con-
sidered a plyometric activity. A plyometric exercise 
is defined as a “…quick, powerful movement using 
a pre-stretch, or countermovement, that involves 
the stretch shortening cycle.20, 21The purpose of ply-
ometric exercise is to increase the power of subse-
quent movements by using both the natural elastic 
components of muscle and tendon and the stretch 
reflex”.20 The loading period of the swing causes a 
countermovement which produces a quick eccen-

Table 1. Phases of Hitting. The below phases have been adapted from 
Fleisig et al18

Phases of the Hitting Cycle Description 
Preparatory Phase Occurs as the hitter assumes the 

proper position in the batter's box.  
The actual swing has not started in 
this phase 

Stance Phase From weight shifting onto the back 
leg to the stride foot lift-off 

Stride Phase From stride foot lift-off to stride foot 
contact 

Drive Phase From stride-foot contact to maximal 
loading of the bat 

Bat Acceleration Phase From maximal loading of the bat to 
ball contact 

Follow-Through Phase From ball contact to completion of 
the baseball swing 

Loading 
Period 
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tric stretch of the agonist muscles that produce the 
baseball swing. This period of loading must take 
place in order to aid with eliciting the stretch-short-
ening cycle.22 When considering the baseball swing 
this period of loading normally occurs from the start 
of the stance phase and is completed at the drive 
phase; an eccentric movement must take place to 
set-up or aid in initiation of the swing. This load-
ing phase is often referred to as the coiling or trig-
ger mechanism by the baseball community.23 The 
stored elastic energy is then released during the 
concentric contraction of the agonist muscles and 
transferred through the entire kinetic chain in a 
sequential order where different segments of the 
body are rotated.23 When a large base segment starts 
to slow down or decelerate the other segments that 
are left gain velocity from that base segment assum-
ing its’ momentum.23 The baseball swing acts in this 
manner with the lower extremities rotating first, fol-
lowed by the trunk, then by the upper torso, then by 
the upper extremities, culminating the effort at ball 
contact. Further discussion of the hitting cycle will 
occur in the following sections.

STANCE PHASE
The initiation of the hitting cycle is first established 
at the start of the stance phase. The stance phase 
consists of the batter picking up their front leg and 
shifting their weight onto the back leg.24 (Figure 1) 
This phase is completed when the stride foot is lifted 
off of the ground.18 The process known as the load-
ing period is initiated as soon as the stride foot is 
taken off of the ground. This mechanism is often 
referred to as the act of coiling because the hitter is 
moving different segments of the body away from 
the pitcher, which acts as the hitter’s loading period.

STRIDE PHASE
The next phase of the hitting cycle is the stride phase. 
This phase takes place as the front leg advances 
toward the pitcher, linearly, and ends when the hit-
ter’s front leg makes contact with the ground.18 A 
vital role in performance is finding lower extremity 
balance or a state of equilibrium. The hitter must 
find a position that is balanced between his base of 
support and center of gravity. As the player picks 
up the front leg during the stance phase, the hitter’s 

Figure 1. The hitting cycle.
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base of support goes outside of their center of grav-
ity, the ground reaction force of the back leg is thus 
increased.23 At this moment in time, the body will 
try to find a state of equilibrium by forcing itself in 
a linear motion forward, initiating the stride phase.23 
Proper stride length can aid with increasing perfor-
mance during the hitting cycle. The starting posi-
tion and the stance chosen influence the outcome 
of the swing. The stride should be long enough to 
promote linear movement forward and to aid with 
force production. Timing is crucial when it comes 
to the baseball swing: a stride that is either too long 
or too short could potentially produce detrimental 
effects for the swing. A shorter stride length could 
cause early initiation of the swing and a longer 
stride could potentially produce delayed activation 
of hip rotation, either one potentially reducing out-
comes in performance. These subtle compensations 
could cause injury during the swing by disrupting 
the sequential timing of other body segments. The 
average stride length for hitters is normally 3.8 times 
greater than hip width and the position of the stride 
foot should be placed 12 degrees closed and facing 
67 degrees toward home plate.23 This closed position 
can be defined as the direction of the stride occur-
ring toward home plate. This position is not to be 
confused with the preparatory phase prior to initiat-
ing the hitting cycle. 

There are age-related differences that are apparent 
in youth versus adult hitters described by Escamilla 
et al25(Table 2). Adult hitters were found to have a 
longer stride phase time versus youth ballplayers, 
allowing for additional time spent during their load-
ing period, which creates an increase in bat veloc-
ity.25 Youth ballplayers may produce a shorter stride 
length due to their lack of maturation, decreased 
muscular strength and shorter stature, when com-
pared to adult players.25 This could possibly be a 
potential area that predisposes younger players to 
injury. An optimal stride length will also allow for 
the best angular rotation during acceleration. Youth 
hitters also have a tendency to flex their stride 
knee less and produce a knee extension force at a 
decreased velocity when compared to adult hit-
ters; potentially leading to reduced kinetic energy 
transferred up the body and decreased bat veloc-
ity production.25 This could possibly cause another 
segment of the body to compensate and attempt to 
produce more force while approaching bat to ball 
contact ultimately leading to injury.

DRIVE PHASE
The next successive phase is the drive phase, which 
is considered from the point of foot contact into 
maximal bat lag or loading.18 The loading period that 
started in the initial stance phase continues through 

Table 2. Signifi cant difference found between youth hitters versus 
adult hitters.  The below data was collected from Escamilla et al25 

Parameter Youth  
Hitters 

Adult 
Hitters 

Stride Phase Length of Time 
(seconds) 

0.29 + 0.06 0.40+ 0.07 

Swing length of time (from 
stance phase to ball contact) 
(seconds) 

0.51 + 0.06 0.61+ 0.07 

Stride knee flexion angle (during 
start of bat acceleration phase)  
(degrees) 

47 + 19 70 + 15 

Percentage of swing involving 
upper torso angular velocity (%) 

77 + 10 88+ 6 

Bat linear velocity at Bat-Ball 
Contact (m/s) 

25 +3 30 + 2 

Youth defined as the ages of 12.3 through 17.1 years of age 
Adult defined as the ages of 19.9 through 24.5 years of age 



The International Journal of Sports Physical Therapy | Volume 10, Number 7 | December 2015 | Page 1064

the stride phase until the upper extremities achieve 
complete bat loading. As the stride foot lifts off the 
ground in the stance phase the arms will produce 
an approximate reverse rotation of 60 degrees in the 
transverse plane away from the pitcher, however 
when the stride foot makes contact with the ground 
the arms will continue to rotate in this reverse 
direction approximately an additional 12 degrees 
achieving maximal bat loading.23(Table 3) If the hit-
ter cannot produce the adequate amount of reverse 
rotation then this could be a potential area for 
injury. This could eminently produce an inability to 
obtain the full stretch-shortening cycle thus causing 
decreased force production and other segments of 
the body to work harder to create bat velocity. The 
hips achieve their maximum loading at stride foot 
contact. The delay in upper segmental rotation aids 
in the ability to produce maximal bat acceleration in 
the successive phases of hitting.18

While the hitter assumes proper lower extremity 
positioning there is also an optimal placement of the 
upper extremities that must occur. Prior to initiating 
the baseball swing, the bat should be placed in a posi-
tion that elicits the greatest mechanical advantage. 
Although many hitters start in different positions, 
when the drive phase is completed the bat should 
end in a position that adheres to a few principles: 1) 
The back elbow should have increased elbow flexion 
versus the front elbow,25 2) The bat should be placed 
at a position of approximately 45 degrees in the fron-
tal plane and the bat should bisect the batter’s hel-
met in half, 3) The back elbow should be down, 4) 

Both upper extremities should be positioned close 
to the hitter’s body, and 5) The proximal interpha-
langeal joints of the hand of both upper extremities 
should align on the handle of the bat.19(Figure 1)

BAT ACCELERATION PHASE
As the hitter moves into the next phase of the hit-
ting cycle, an interaction must occur between lin-
ear movement and angular or rotational velocity. 
After the lead leg contacts the ground the body is 
in a closed kinetic chain.23 At this point the elas-
tic energy gained from the loading period is used 
to produce segmental rotation in different parts of 
the body.23 The hips will turn first, followed by the 
trunk, gradually gaining angular velocity up the 
kinetic chain to produce contact between the bat 
and the baseball. 23 The bat acceleration phase takes 
place from the point of maximal bat loading until 
the bat makes contact with the baseball.18 Once the 
stride foot/front foot has landed, the center of pres-
sure that is created by the body is then outside of 
the center of mass (anterior to the body), it is at 
this moment that the hip segment starts to move 
toward the pitcher, which is often referred to as an 
uncoiling effect.23 (Figure 1) The rotational velocity 
 created at the hips and lower portion of the trunk is 
axially transferred up the kinetic chain to the upper 
segment of the body.23 Near ball contact this upper 
segment continues to rotate, however rotation at the 
lower portion of trunk including the hips is mini-
mal at this point.18 To produce effective bat velocity 
each segment must rotate in a sequential manner, if 
a higher segment reaches its peak velocity before its 

Table 3. The Loading Period: degrees of motion per body segment. The 
below data was collected from Welch et al23

The body has three segments that contribute to rotation: Hip segment is defined as a vector
from the right to the left hip; Shoulder segment is defined as a vector from the right to the
left shoulder and the arm segment is defined as a vector from the mid-shoulders to
mid-wrists.  The orientation of the trunk axis is defined in the transverse plane of motion
where reverse rotation occurs in the opposite direction of bat-ball contact.
For example: For a right-handed hitter: clockwise rotation.
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lower previous segment then the hitter has lost the 
ability to efficiently transfer kinetic energy up the 
kinetic chain. 23

At ball contact, the hands should be placed out in 
front of the body with the elbows extended. Hit-
ting coaches recommend keeping the hands above 
the barrel to optimize a direct path to the ball when 
approaching a contact position.19 At contact position, 
the high amount of rotation occurring in the trunk 
forces the stride leg to become a blocking mechanism 
to assist the body to decelerate the linear movement 
previously accomplished.23 For this blocking mecha-
nism to occur, the stride leg has been found to be 
in a position of 15 degrees knee flexion and applies 
a total ground force of equal to 84 % of the hitter’s 
body weight.23 Once the bat has made contact with 
the ball, the baseball swing continues as the hitter 
finishes their swing entering into the follow-through 
phase of the hitting cycle. 

FOLLOW-THROUGH PHASE
In order to achieve optimal effort, full hip rotation 
toward the pitcher needs to take place. Fleisig et 
al18 have found that axial trunk acceleration once 
again increases as the hitter goes through the follow-
through phase aiding in completion of full rotation.18 
Many youth players are often times told to overly 
rotate or “squash the bug” with their back foot, how-
ever, this could potentially reduce the hitter’s ability 
to shift their weight forward reducing the amount of 
hip rotation that needs to occur during the follow-
through phase. Pointing the laces of the rear shoe 
toward the pitcher can aid in achieving this full 
rotation.19

The proper sequence of each of these phases helps 
with producing an efficient swing and from a reha-
bilitative standpoint can aid with observing biome-
chanical inadequacies. When it is time for the patient 
to introduce hitting, the rehabilitative specialist 
should observe these key areas of focus and imple-
ment them as needed. Three-dimensional motion 
analysis has previously been used to observe the hit-
ting cycle and should be considered to look for sub-
tle motion insufficiencies that cannot be observed 
naturally.18 Even collaboration with a qualified hit-
ting coach may be beneficial. Prior to such consid-
erations, each clinician should determine when it is 

safe for the patient to return to sports-related func-
tional tasks. 

READINESS TO RETURN TO SPORT
The purpose of this proposed interval hitting pro-
gression program is to gradually introduce the 
demands from hitting, in order to avoid re-injury. 
The overall goal of any progression program is to 
introduce progressive loads that focus on gradually 
increasing intensity and duration of effort.26 Prior 
to entering such a program the patient must meet 
certain criteria. Assessment measures must be used 
to determine if an athlete’s current status is at the 
level needed to start hitting. Due to the high velocity 
of movement and the complex sequence of events 
that take place, hitting can be considered an activity 
that requires a higher level of function. Assessment 
of function can be broken down into three areas: 
impairment measures, patient-report measures, 
and physical performance measures.27 Each one of 
these areas contributes to the bigger picture of per-
formance. To begin an interval progression program, 
such as the one proposed in this commentary, the 
athlete must be evaluated through all three of these 
of areas.

Examination regarding the patient’s concordant 
injury must show adequate range of motion to meet 
the demands of the hitting cycle, minimal to no 
pain, lacking tenderness to palpation, and adequate 
strength needed for the activity.6, 28, 29 To initiate a 
sports-related activity, it is recommended that the 
involved extremity should meet eighty percent of 
strength performance compared to the uninvolved 
extremity.30, 31 However, manual muscle testing has 
been found to be unreliable; thus, the use of hand-
held dynamometer or electromechanical dyna-
mometers is recommended.32, 33These impairment 
measures provide the initial framework or building 
blocks for progression into performance. 

When considering which impairment measures are 
most beneficial to the baseball swing, the clinician 
must place emphasis on which muscle groups are 
most active and how many degrees of motion are 
required at each body segment during each phase of 
the hitting cycle. Previous electromyographical stud-
ies reveal that there is a certain sequence of muscle 
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activation that takes place.34 As previously men-
tioned rotation occurs at different areas of the body 
with the first being from the lower extremities then 
moving up the entire kinetic chain. For instance the 
hamstrings and gluteus maximus appear to be most 
active during the drive and bat acceleration phases.34 
The quadriceps have also been found to be active 
in later stages of the hitting cycle signifying their 
importance as the stride’s leg blocking mechanism.34 
The abdominals, specifically the obliques, and erec-
tor spinae musculature play a crucial role activating 
at the start of foot contact to the end of the hitting 
cycle.34 Not only is adequate strength necessary to 
aid with reduction of re-injury, but range of motion 
also plays a significant role. A hitter must have ade-
quate axial trunk rotation throughout their body 
and possess the proper lower and upper extremity 
motion to complete the baseball swing.18, 23 (Table 
4) Proper knee, trunk and elbow motion is neces-
sary as well to obtain optimal performance. (Table 4) 
Inadequate motion or strength at any of these body 
regions could cause compensation from another 
area of the body and could potentially lead to injury. 
Therefore, it is important to examine the athlete 
with an eye for these potential deficits in an athlete 
who would like to return to baseball.

Impairment measures alone cannot determine 
whether an athlete is ready to return to sport. 
Therefore, the clinician must also assess physical 
performance. Physical performance measures are 
considered tests that challenge a physical action 
that is necessary to complete a particular task.35 
These performance measures are assessed in a stan-
dardized manner and are repeatable by the tester.35 

These types of tests are typically used to assess 
limb symmetry and to determine a patient’s cur-
rent probability for sustaining an injury.36 To the 
author’s knowledge there have not been any perfor-
mance measures established specifically for return 
to hitting. But, a clinician may select a performance 
 measure based on the injured body part and the 
objective of the test. Since weight shifting occurs on 
the stance and stride legs dynamic balance plays a 
significant role; therefore tests such as the Y-Balance 
test (YBT) can be useful.37 During the acceleration 
phase there is a significant amount of trunk or torso 
rotation that uses the entire kinetic chain. Previous 
research has used simulated medicine ball throwing 
for hip-torso-arm rotational power which has shown 
to be a useful measure.38, 39 The two tests that showed 
validity for torso rotational power were the whole 
body medicine ball throw, or otherwise known as the 
hitter’s throw, and the seated medicine ball toss.38, 

39 A 1-kg medicine ball is used for these tests and 
the maximal distance the athlete can throw the ball 
using rotational forces is recorded.40 This data can 
be used as a physical performance measure to deter-
mine progress during rehabilitation or tolerance of 
the hitting motion. If a clinician chooses not to per-
form one or more functional performance tests, at 
the very least the patient should be able to swing a 
bat without pain or compensation prior to beginning 
the return to hitting program. 

The final part of the functional assessment relies 
on the patient’s self-perception of functional ability. 
Patient-reported outcome measures are used to give 
a subjective report regarding what the patient per-
ceives they are able to do. These can be useful tools to 

Table 4. Motion required at each body segment in order to complete the hitting cycle. 
All data are reported in degrees. The below data was collected from Welch et al23, and 
Fleisig et al18
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aid with determination if an athlete is mentally pre-
pared to participate or if there is some apprehension 
to start a progression program. To the author’s knowl-
edge, no patient-report measure currently exists for 
hitting. However, other patient-report measures exist 
for particular injured body parts or for those expe-
riencing kinesiophobia. Many patient-reported out-
come measures can be found in the literature: Fear 
Avoidance Belief Questionnaire,41 The Tampa Scale 
of Kinesiophobia-11,42 Foot and Ankle Ability Mea-
sure, 43 Hip Outcome Score, 44 Lower Extremity Func-
tional Scale, 45 and Kerlan-Jobe Orthopaedic Clinic 
Shoulder & Elbow Score.46 The clinician should use 
valid and reliable measures that appropriately assess 
the patient’s abilities or feelings based on their condi-
tion or site of injury. These patient-reported outcome 
measures can assess patient progress and help deter-
mine if the patient feels ready to begin the return to 
hitting program.

THE INTERVAL HITTING PROGRESSION 
PROGRAM
There is a vast array of individual strategies that can 
be used with the baseball swing; however, it is per-
tinent that proper mechanics be introduced to the 
patient in a rehabilitation setting. An alteration in 
hitting mechanics can produce an increased poten-
tial for injury, a single example would be changing 
the angle of the shoulders; therefore, appropriate 
mechanics can aid with the reduction of injury.17 
Once proper mechanics are obtained, the clinician 
can then introduce the outlined interval hitting pro-
gression program.

The interval hitting progression program proposed in 
this commentary uses percentage of effort. (Appen-
dix 1) It is important to keep in mind that estimation 
of percent effort can be perceived differently from 
one athlete to the next.47 Therefore, the rehabilita-
tion specialist must understand the cognitive aspect 
of the athlete when describing effort. 

The warm-ups found in Appendix 2 are used to 
simulate the actual hitting motion through exercise 
selection. Many baseball players use weighted bats 
prior to hitting in practice and during games; how-
ever, the selection of these devices have not been 
shown to improve bat velocity.48 The application of 
such a device should not be used as a warm-up tool. 

Increasing the resistance of the bat may prove to be 
provocative to the injury that the athlete is trying to 
overcome. Therefore, the use of such a device is dis-
couraged. Exercises that focus on total body rotation 
through movement should be used instead.

The proposed protocol for hitting progression moves 
from hitting off of a tee, to soft toss, then finally to 
simulated hitting. The purpose behind this progres-
sion is to slowly introduce an environment that 
begins at a lower intensity by having the baseball 
first placed in a fixed position then progressing to 
the baseball in trajectory with soft toss then finally 
followed by an increase in velocity. 

The chosen change in ball location established for 
Phase 2, soft toss, was used to simulate differences 
in placement of pitches that may occur while hit-
ting in a game. Higuchi et al.49 proposed that a hitter 
may be able to visually pick up on the velocity and 
trajectory of the ball as soon it is released by the 
pitcher. If the hitter is able to pick up on different 
target positions, such as the height of the pitch, then 
there could be an increase in performance.49 Soft 
toss is considered an effective drill for most hitters 
and used by many baseball experts. 19 This normally 
consists of the hitter’s teammate or coach kneeling 
approximately thirty to thirty-five feet away from 
the hitter, facing the hitter at an angle of 45 degrees 
and tossing the ball in an underhand action. Some 
coaches prefer to kneel behind the hitter at a safe 
distance away to provide differences in ball location 
for outside or inside pitches, while others prefer to 
have the hitter angled away or toward their team-
mate/coach to simulate this change in ball location. 
Either way the hitter, as well as the person perform-
ing each toss, should familiarize themselves with 
their preferred technique prior to implementation. 

Timing of sequential body segments plays a sub-
stantial role in the outcome of the swing. To elicit 
the stretch-shortening cycle a hitter must have the 
proper loading period that is appropriately timed to 
improve force production. With the randomization 
of how pitches are delivered during play, a hitter 
must practice under similar conditions in order to 
accommodate for an increase or decrease in pitch 
velocity. This interval hitting progression program 
captures this concept in Phase 3.
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Progression within this program provides a physical 
stimulus designed to promote adaptation of healing 
tissue. This stimulus, like any other physical condi-
tioning program, is often referred to as the overload 
principle.50 Muscular soreness can be a by-product of 
this change and it is often described as a muscle feel-
ing stiff, tender and aching to touch or when applying 
movement.51-53 Eccentric-based exercise can produce 
the associated soreness which has previously been 
reported to last forty-eight hours.54-56 To avoid any 
additional injury, proper rest guidelines must be ini-
tiated. For progression in this program, the patient 
should follow the established soreness rules. (Appen-
dix 1) These soreness rules have been adapted from 
previous literature to fit the needs of this specific 
progression program.26 These rules provide the 
patient the ability to modify progression according to 
the symptoms that they experience. If muscular or 
joint stiffness and or tenderness is present then the 
soreness rules should be observed. It is important to 
note that the sensation of soreness is different than 
the sensation of pain. If the patient is complaining 
of concordant pain experienced at the site of initial 
injury that lasts longer than the expected time frame 
for muscular soreness, the clinician should reevalu-
ate the patient’s symptoms and alter or postpone 
the return to hitting program. If no soreness is pres-
ent then the patient is instructed to move onto the 
next step in the hitting progression program and this 
should occur on the next day of training. Each train-
ing day should have one day of rest in between steps 
to ensure proper recovery and adaption to the stim-
ulus of hitting. All other exercises, such as a home 
exercise program, should be performed on the same 
day after the patient has completed hitting. These 
recommendations have been adapted from other 
previously established interval sport programs.6 

CONCLUSION
Since hitting is a complex activity requiring coor-
dinated motion of the entire body, any injury may 
impact a patient’s ability to swing a bat. Similar 
to the return to throwing programs that exist, this 
interval hitting program guides the clinician from 
when the patient is ready to begin hitting through a 
full return to sport. Sports-related exercises should 
have been implemented in a pain-free environment, 
(including plyometric exercises) prior to starting this 

program. The proposed interval hitting progression 
program should be used as a method to quantify pro-
gression and may reduce the chance of injury from 
occurring. Future research should be conducted that 
studies the use of this program on injured baseball 
players as well as other rehabilitation models that 
are specific to hitting. 
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APPENDIX 1

Interval Hitting Progression Program

Instructions: 
• Each step should be performed in succession; starting with Step 1 performed on Day 1,Step 2 performed on Day 2, 

and so forth

• Each training day should have one day of rest in between steps to ensure proper recovery and adaption to the 
stimulus of hitting.  

• All other exercises, such as a home exercise program, should be performed on the same day and after the comple-
tion of hitting.  

• Perform Lower & Upper Extremity Warm-ups prior to performing each step.  Please refer to Appendix 2 for these 
warm-ups

• Please follow the soreness rules for advancing to each step included in this Appendix
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Phase 1                                        Basic: Hitting off of Tee 
Step 1 

� Tee set-up: ball placement middle of plate and at waist height
� Perform 25 swings at 50% of effort
� Concentration should be placed on addressing mechanics of the baseball swing

Phase 1 Hitting off of Tee:  Direction of 
Challenge 

Step 2:  
� Tee set-up at 

waist height
� 50% Effort

Step 3: 
� Tee set-up at 

waist height 
� 75% Effort 

Step 4: 
� 75% Effort 

Step 5: 
� Repeat Step 4 
� 90 to 95% 

Effort  
15 swings middle of 
plate

15 swings middle of 
plate 

20 swings middle of 
plate consisting of:  

1. 5 swings 
letters/chest 
height 

2. 10 swings 
waist height 

3. 5 swings just 
above knees 

20 swings middle of 
plate consisting of:  

1. 5 swings 
letters/chest 
height 

2. 10 swings 
waist height 

3. 5 swings just 
above knees 

15 swings tee set-up 
inside corner of plate

15 swings tee set-up 
inside corner of plate 

20 swings inside 
corner of plate 
consisting of: 

1. 5 swings 
letters/chest 
height 

2. 10 swings 
waist height 

3. 5 swings just 
above knees 

20 swings inside 
corner of plate 
consisting of: 

1. 5 swings 
letters/chest 
height 

2. 10 swings 
waist height 

3. 5 swings just 
above knees 

15 swings tee set-up 15 swings tee set-up 20 swings outside  20 swings outside  
outside corner of plate outside corner of plate corner of plate 

consisting of: 
1. 5 swings 

letters/chest 
height 

2. 10 swings 
waist height 

3. 5 swings just 
above knees 

corner of plate 
consisting of: 

1. 5 swings 
letters/chest 
height 

2. 10 swings 
waist height 

3. 5 swings just 
above knees 

Phase 2                                   Basic: Soft Toss 
Step 6 

� Soft toss (underhand toss) 25 swings at 50% effort with partner, set-up at 45 
degrees away from hitter.  Hitter will be hitting into net or cage

� Placement of ball should be at waist and middle of plate
� Concentration should be placed on addressing mechanics of the baseball swing

*Prior to performing each step in phase 2 perform 10-15 swings off of tee as a warm-up 
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Phase 2 Soft Toss:  Direction of 
Challenge 

Step 7:  
� 50% Effort

Step 8: 
� Repeat Step 7  
� 75% Effort 

Step 9: 
� 75% Effort 

Step 10: 
� 90 to 95% 

Effort  
10 swings with ball 
placed at waist height 
&middle of plate

10 swings with ball 
placed at waist height 
& middle of plate 

30 swings middle of 
plate consisting of:  

1. 10 swings 
waist height, 
middle of plate 

2. 10 swings ball 
chest/letters 
height, middle 
of plate 

3. 10 swing ball 
just above 
knees, middle 
of plate 

30 swings middle of 
plate consisting of:  

1. 10 swings 
waist height, 
middle of plate

2. 10 swings ball 
chest/letters 
height, middle 
of plate 

3. 10 swing ball 
just above 
knees, middle 
of plate 

10 swings with ball 
placed at letters height 
& middle of plate

10  swings with ball 
placed at letters height 
& middle of plate 

10 swings with ball 
placed for outside 
corner  

15 swings with ball 
placed for outside 
corner 

10 swings with ball 
placed just above the 
knee & middle of 
plate

10 swings with ball 
placed just above the 
knee & middle of 
plate 

10 swings with ball 
placed for inside 
corner 

15 swings with ball 
placed for inside 
corner 

NOTE: An “L” screen should be used for protection while performing certain soft-toss positions 
Please refer to Appendix 3 for Soft Toss Variation. 

Phase 3                                   Basic: Simulated Hitting 
Step 11 

� This phase should be performed in a batting cage or on the field
� 30 swings of fastballs consisting of: 10 inside, 10 outside, 10 middle of plate
� Height of pitch can be left randomized
� Perform at 50% effort

*Prior to performing each step in phase 3 perform 10-15 swings of soft-toss 
*The partner should use an “L” screen for protection 

Phase 3 Simulated Hitting:  Pitch Type Challenge 
Step 12:  

� 75% Effort
� In cage/on field 

Step 13: 
� 75% Effort 
� In cage/on field 

Step 14: 
� 90-100% Effort 

25 swings against fastballs; 
Randomized  placement

25 swings against fastballs; 
Randomized  placement 

25 swings against fastball; 
Randomized  placement 

15 swings at change-ups; 
Randomized  placement

15 swings against change-ups; 
Randomized placement  

15 swings against change-ups; 
Randomized placement  

For ages 14 and above add in 15 
swings against curveballs 

For ages 14 and above add in 
15 swings against curveballs 

*An “L” screen should be used for protection for the person throwing 

Soreness Rules (Adapted from Axe et al)26
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APPENDIX 2

Warm-ups prior to interval hitting progression program

Figure 2. Rotational Arm movements
The athlete starts with both palms pointed toward the ceiling, then the feet are rotated to the right and the left arm will perform inter-
nal rotation (keeping arms shoulder level). Rotate to the opposite direction performing the same movement. ** Perform 2 sets of 10 
repetitions each side.

Figure 3. Side Lumberjack Chops
First pivot and rotate away from the direction you will be actu-
ally performing the lumberjack chop.  Use a light ball (such as a 
volleyball); The ball should be above your head with both arms 
extended and the back foot should be pivoting facing this same 
direction.
Then take the medicine ball from the top of this  motion in a 
diagonal pattern/across the body and perform a  lunge in the 
opposite direction while pivoting again on both legs (back and 
head should be straight and be sure that the front knee is behind 
your front foot
**Perform 2 sets of 10 repetitions each side

Figure 4. Hitters Throw
Assume a batting position and hold the ball as if you were hold-
ing a baseball bat. 
Then throw a light ball (such as a volleyball) simulating the 
baseball swing toward a wall or open fi eld.
**Perform 2 sets of 10 repetitions each side


