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The Editorial staff of The International Journal of Sports Physical Therapy (IJSPT) is dedicated to the 
review, critical appraisal, and publication of high quality scientific and clinical research, systematic reviews, 
meta-analyses, and case reports. As IJSPT progresses through its’ ninth year of providing high quality 
research evidence as well as relevant clinical commentary and suggestions for the international sports 
physical therapy community, we offer the following editorial.

We, along with many other prestigious journals are committed to elevating the quality of published research 
related to disability and rehabilitation and agree to adherence to the following reporting guidelines, which 
will be required by IJSPT as of January 1, 2015. Many of these guidelines are all ready in place and have 
been implemented by IJSPT. 

This Editorial is a reprint of a previously published Editorial in The Archives of Physical Medicine and 
Rehabilitation, and is used with permission. (http://dx.doi.org/10.1016/j.apmr.2013.12.010)

For citation purposes, please use the original publication details: Chan L, Heinemann AW, and Roberts J, 
Elevating the Quality of Disability and Rehabilitation Research: Mandatory use of the Reporting Guide-
lines. Archives of Physical Medicine and Rehabilitation, 2014: 95: 414-417
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ORIGIN EDITORIAL
With the remarkable growth of disability- and reha-
bilitation-related research in the last decade, it is 
imperative that we support the highest quality 
research possible. With cuts in research funding, 
rehabilitation research is now under a microscope 
like never before, and it is critical that we put our 
best foot forward.

To ensure the quality of the disability and rehabilita-
tion research that is published, the 28 rehabilitation 
journals simultaneously publishing this editorial 
(see acknowledgments) have agreed to take a more 
aggressive stance on the use of reporting guidelines.� 
Research reports must contain sufficient informa-
tion to allow readers to understand how a study was 
designed and conducted, including variable defini-
tions, instruments and other measures, and analyti-
cal techniques.1 For review articles, systematic or 
narrative, readers should be informed of the ratio-
nale and details behind the literature search strat-
egy. Too often articles fail to include their standard 
for inclusion and their criteria for evaluating quality 
of the studies.2 As noted by Doug Altman, co-origina-
tor of the Consolidated Standards of Reporting Trials 
(CONSORT) statement and head of the Centre for 
Statistics in Medicine at Oxford University: “Good 
reporting is not an optional extra: it is an essential 
component of good research…we all share this obli-
gation and responsibility.”3

WHAT ARE REPORTING GUIDELINES?
Reporting guidelines are documents that assist 
authors in reporting research methods and find-
ings. They are typically presented as checklists or 

flow diagrams that lay out the core reporting criteria 
required to give a clear account of a study’s meth-
ods and results. The intent is not just that authors 
complete a specific reporting checklist but that they 
ensure that their articles contain key elements. 
Reporting guidelines should not be seen as an 
administrative burden; rather, they are a template 
by which an author can construct their articles more 
completely.

Reporting guidelines have been developed for 
almost every study design. More information on the 
design, use, and array of reporting guidelines can be 
found on the website for the Enhancing the Quality 
and Transparency of Health Research (EQUATOR) 
network,4 an important organization that promotes 
improvements in the accuracy and comprehensive-
ness of reporting. Examples include the following:

(1)  CONSORT for randomized controlled trials (www.
consort-statement.org);

(2)  Strengthening the Reporting of Observational 
studies in Epidemiology (STROBE) for observa-
tional studies (http://strobe-statement.org/);

(3)  Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) for systematic 
reviews and meta-analyses (www.prisma-state
ment.org/);

(4)  Standards for the Reporting of Diagnostic accu-
racy studies (STARD) for studies of diagnostic 
accuracy (www.stard-statement.org/); and

(5)  Case Reports (CARE) for case reports (www.care-
statement.org/).



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 417

 There is accumulating evidence that the use of 
reporting guidelines improves the quality of research. 
Turner et al5 established that the use of the CONSORT 
statement improved the completeness of reporting 
in randomized controlled trials. Diagnostic accuracy 
studies appeared to show improvement in reporting 
standards when the STARD guidelines were applied.6 
Early evidence also suggests that inclusion of report-
ing standards during peer review raises manuscript 
quality.7 The International Committee of Medical 
Journal Editors now encourages all journals to moni-
tor reporting standards and collect associated report-
ing guideline checklists in the process.8 Furthermore, 
the National Library of Medicine also now actively 
promotes the use of reporting guidelines.9

HOW WILL REPORTING GUIDELINES BE 
INTEGRATED INTO MANUSCRIPT FLOW?
By January 1, 2015, all of the journals publishing this 
editorial will have worked through implementation 
and the mandatory use of guidelines and checklists 
will be firmly in place. Because each journal has its 
unique system for managing submissions, there may 
be several ways that these reporting requirements 
will be integrated into the manuscript flow. Some 
journals will make adherence to reporting criteria 
and associated checklists mandatory for all submis-
sions. Other journals may require them only when 
the article is closer to acceptance for publication. In 
any case, the onus will be on the author not only 
to ensure the inclusion of the appropriate reporting 
criteria but also to document evidence of inclusion 
through the use of the reporting guideline checklists. 
Authors should consult the Instructions for Authors 
of participating journals for more information.

We hope that simultaneous implementation of this 
new reporting requirement will send a strong mes-
sage to all disability and rehabilitation researchers 
of the need to adhere to the highest standards when 
performing and disseminating research. Although 
we expect that there will be growing pains with 
this process, we hope that within a short period, 
researchers will begin to use these guidelines during 
the design phases of their research, thereby improv-
ing their methods. The potential benefits to authors 
are obvious: articles are improved through superior 
reporting of a study’s design and methods, and the 

usefulness of the article to readers is enhanced. 
Reporting guidelines also allow for greater transpar-
ency in reporting how studies were conducted and 
can help, hopefully, during the peer review process 
to expose misleading or selective reporting. Report-
ing guidelines are an important tool to assist authors 
in the structural development of a manuscript, even-
tually allowing an article to realize its full potential.
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ABSTRACT
Purpose/Background: Injury screening methods that use three-dimensional (3D) motion analysis accurately predict 
the risk of injuries, yet are expensive. There is great need for valid, cost-effective techniques that can be used in large-
scale assessments. Utilizing two-dimensional (2D) measures of lateral trunk motion may identify athletes at risk for 
lower extremity injury. The purpose of this research was to determine the strength of the relationships between 2D 
and 3D calculations of lateral trunk angle for female athletes performing a single-leg cross drop landing. 

Methods: Twenty-one high-school female volleyball players performed a single-leg cross drop landing onto a force 
plate. The 3D angular trunk motion was calculated, and four different 2D measures of lateral trunk angle were calcu-
lated for both left and right landing leg. A one-way multivariate analysis of variance was used to compare 2D mea-
sures to the 3D measurements, and Pearson correlations were used to determine the strength of these relationships. 

Results: The angle formed by the medial shoulder joint center, medial ASIS, and vertical line (LTA4) was similar to the 
3D measures of lateral trunk angle during landing (r-values ≥ 0.62; p-values ≤ 0.003; mean differences, -1.0� to 1.2�). 

Conclusions: Given the recent focus on the role of the trunk in lower extremity injury, using the 2D LTA4 assessment 
may expand existing assessments into a composite model that can more accurately assess female athletes at risk for 
injury than models that do not include trunk analysis. 

Clinical Relevance: Existing models that enable clinicians to effectively identify female athletes at risk for lower 
extremity injury may be enhanced by including accurate assessments of lateral trunk motion. 

Keywords: Female, kinematics, risk assessment, trunk displacement
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BACKGROUND
Injury screening methods that use three-dimensional 
(3D) motion analysis accurately predict the risk 
of debilitating lower extremity injuries in athletes, 
such as anterior cruciate ligament (ACL) rupture.1 
However, 3D screening techniques are expensive 
and labor-intensive, and requiring large, dedicated 
laboratories with costly measurement tools, which 
limits widespread application. This drives the need 
for valid, cost-effective techniques that can be used 
to perform large-scale assessments so targeted inter-
ventions can reach a greater population of athletes 
who are at risk for injury. Relevant tools that use 
two-dimensional (2D) analyses have been devel-
oped to detect risky lower extremity biomechan-
ics. Recently, a clinic-based landing assessment tool 
using 2D measures of frontal plane knee angle as 
part of a composite model was developed to identify 
athletes at risk of having a high knee abduction load 
upon landing and predicted female athletes who had 
high knee abduction moments with 84% sensitivity 
and 67% specificity.2 

Recently,  lower extremity injury risk models that 
incorporate assessment of lateral trunk motion dur-
ing dynamic movements have received increased 
interest and development. During dynamic move-
ments, lateral trunk motion can shift the ground 
reaction force vector laterally from the stance limb, 
increasing the potential for a high knee abduction 
moment, a risk factor for ACL injury.3,4 The mechan-
ical link between trunk position and increased knee 
abduction moment has previously been supported; 
Hewett et al found using 2D videographic analysis 
that lateral trunk motion was higher in female ath-
letes during an ACL injury than male athletes and 
trended toward being higher than female controls,5 
and Dingenen et al reported that combined 2D mea-
sures of lateral trunk motion and knee abduction 
angle were significantly correlated with peak knee 
abduction moment assessed using a 3D motion sys-
tem.6 In order to reduce lower extremity injury risk, 
identification of those who demonstrate deficits in 
trunk control during high-risk maneuvers may be 
important in accurately determining knee injury 
mechanics. Unfortunately, it is not known what 2D 
techniques are optimal to capture dynamic lateral 
trunk motion that may be associated with injury risk. 
Therefore, the purpose of this study was to explore 

four different 2D measures of lateral trunk motion 
with respect to the gold-standard 3D measures in 
female athletes performing a single-leg cross drop 
landing in order to determine the strength of the 
relationships between 2D and 3D measures of trunk 
movement upon landing. 

DESCRIPTION

Participants
A team of 21 high-school female volleyball players 
(mean age 15.3 SD 1.0 years; height 169 SD 4.8 cm; 
weight 62.8 SD 8.2 kg) volunteered for participation 
in this study. Participants were excluded if they had 
sustained a lower extremity injury that precluded 
them from athletic activity. Approval by the Insti-
tutional Review Board of the Cincinnati Children’s 
Hospital Medical Center for the study protocol was 
received and informed consent was obtained from 
each participant prior to testing.

DATA COLLECTION
Three-dimensional trunk angular motion was col-
lected on each participant performing three single 
leg cross drop (SCD) landings on each side onto an 
embedded force plate (AMTI, BP600900, Watertown, 
MA) from a height of 31 cm. The SCD was devel-
oped in order to reproduce the effect of lateral trunk 
movement by perturbing the trunk in a controlled 
laboratory setting. One investigator prepared each 
participant with 43 retroreflective markers with a 
minimum of three markers per segment in a modi-
fied Helen-Hayes arrangement (Figure 1).7 

Participants wore a small backpack with three non-
collinearly placed markers to track trunk motion. 
Motion data was collected at 240 Hz using a 10-cam-
era motion capture system (Eagle, Motion Analysis 
Corp., Santa Rosa, CA). Marker trajectories were fil-
tered using a low-pass fourth order Butterworth fil-
ter at a cutoff frequency of 12 Hz and trunk angular 
motion was calculated using Visual3D (C-Motion, 
Inc., Germantown, MD). Two-dimensional data was 
calculated in Visual3D by isolating the frontal plane 
position data of either three landmarks or two land-
marks and a vertical line of reference and determin-
ing the angle formed by these landmarks. Figure 
2 illustrates the process by which each of the four 
measures of 2D lateral trunk angle (LTA1-LTA4) was 
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Figure 1. Front and back views of the modifi ed Helen-Hayes marker arrangement used in this study. Markers were attached with 
a minimum of three markers per segment.

Figure 2. Flowchart describing how the four measures of lateral trunk angle (LTA 1-4) were calculated with examples of each 
measure.
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determined. Lateral was defined as toward the land-
ing leg; for example, the right ASIS is lateral when 
landing on the right leg, and medial was defined as 
away from the landing leg.

EXPERIMENTAL TASK
The SCD was performed by balancing on one foot, 
crossing the landing foot in front of the balancing 
foot, hopping forward and medially off of the box, 
and landing in the middle of the force plate and hold-
ing for a minimum of two seconds (Figure 3). Tri-
als were repeated if participants stepped off the box 
instead of hopping, turned their body in the direc-
tion of the hop, or were unable to hold the landing. 

STATISTICAL TESTING
A one-way MANOVA with Tukey method pairwise 
post-hoc testing was used to compare lateral trunk 
angle measurements during the landing phase, des-
ignated as 500 ms8 after initial contact with the force 
plate. Independent variables were method of trunk 
angle calculation (3D, LTA1, LTA2, LTA3, LTA4) and 
landing leg (left, right). Dependent variables were lat-
eral trunk angle at initial contact, maximum medial 
angle, which was determined when the subject’s 
trunk reached its most medial position, maximum lat-
eral angle, which was determined when the subject’s 
trunk reached its most lateral position, and range of 

motion (ROM), which was determined as the absolute 
range between initial contact and maximum lateral 
angle. The level of significance was set at α=0.05, 
and analyses were performed separately for the left 
and right sides. Pearson correlations were performed, 
in order to determine the strength of the relationships 
between 2D and 3D outcome measures.

RESULTS
A main effect was found for the calculation method 
(p < 0.001). Mean 3D measurements for lateral trunk 
angle were 2.8� (SD 4.2�) at initial contact, 9.4� (SD 
5.3�) at maximum lateral trunk angle, -1.1� (SD 5.0�) 
at maximum medial trunk angle, and 10.2� (SD 3.6�) 
lateral trunk angle ROM. Post-hoc analysis revealed 
that LTA4 was the only 2D method that was similar 
to the 3D measurements for each dependent variable 
(p ≥ 0.894). LTA2 was similar to the 3D measure-
ments at maximum lateral trunk angle (p = 0.086), 
maximum medial trunk angle (p = 0.284), and trunk 
angle ROM (p = 0.969). LTA1 only demonstrated 
similar values to the 3D measurements at maximum 
medial trunk angle (p = 0.999), while LTA3 was only 
similar to the 3D measurements in trunk angle ROM 
(p = 0.887). Mean differences (with 95% confidence 
intervals) for lateral trunk angles calculated by each 
LTA model with respect to 3D measurements are dis-
played in Table 1. 

Figure 3. Illustration of the single-leg cross drop landing for the right side.
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Table 1. Mean differences (with 95% confi dence interval) between 
corresponding 3D and 2D measurements of lateral trunk angle for each 
of all four LTA techniques

lavretnIecnedifnoC%59
Dependent
Variable

Independent
Variable

Mean
Difference

Lower
Bound Upper Bound p-value

Initial Contact LTA1 -15.2 -18.0 -12.3 .000 
 LTA2 -4.4 -7.2 -1.5 .000 
 LTA3 -8.5 -11.4 -5.7 .000 
 LTA4 0.1 -2.7 3.0 1.000 
Max Lateral Angle LTA1 -15.3 -19.4 -11.3 .000 
 LTA2 -3.7 -7.8 0.3 .086 
 LTA3 -7.7 -11.8 -3.7 .000 
 LTA4 0.1 -3.9 4.2 1.000 
Max Medial Angle LTA1 -0.4 -4.7 3.8 .999 
 LTA2 -3.0 -7.2 1.2 .284 
 LTA3 -6.7 -10.9 -2.5 .000 
 LTA4 1.2 -3.0 5.4 .940 
Trunk Angle ROM LTA1 -14.9 -18.1 -11.8 .000 
 LTA2 -0.7 -3.9 2.4 .969 
 LTA3 -1.1 -4.2 2.1 .887 
  LTA4 -1.0 -4.2 2.1 .894 
LTA= Lateral Trunk Angle 
Note: p-value < 0.05 indicates dependent variable mean is significantly different 
from 3D measurement mean. 

A main effect was also found between sides (p < 
0.001). Mean 3D measurements for lateral trunk 
angle during a left side landing (Figure 4) were 1.9� 
(SD 4.2�) at initial contact, 9.4� (SD 5.8�) at maxi-

mum lateral trunk angle, -1.2� (SD 4.2�) at maximum 
medial trunk angle, and 10.6� (SD 3.7�) lateral trunk 
angle ROM. Post-hoc analysis revealed that leg side 
demonstrated statistical differences in lateral trunk 

Figure 4. Landmark designations for determination of 2-Dimensional measurements of lateral trunk angle during a cross drop 
onto the left leg for (1) LTA1, (2) LTA2, (3) LTA3, and (4) LTA4. Red line/shaded area is mean ± SD time-series 3D trunk angle, and 
blue line/shaded area is 2D trunk angle.
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angle only at initial contact (p = 0.024), where lateral 
trunk angle values for a right leg landing (Figure 5) 
were 3.6� (SD 4.1�). Similarly, lateral trunk angle at 
initial contact was also greater for right leg landings 
than left leg landing in LTA1-4. There was no main 
effect for method-by-side interaction (p = 0.352). 
Correlations between independent variables fell 
within an acceptable range to be used in a MANOVA 
analysis (0.319 ≤ r ≤ 0.884). Similarly, Pearson corre-
lations revealed significant relationships (p ≤ 0.003) 
with moderate-to-excellent coefficients of 0.62-0.89 
between 3D and LTA4 outcome measures (Table 2). 

DISCUSSION
Determination of valid 2D techniques is imperative 
for clinicians who intend to reach a larger popula-
tion with targeted interventions in order to attempt 
to prevent injury. This study assessed the validity 
of multiple 2D techniques used to measure lateral 
trunk angle during an SCD landing. Of the four 
techniques used in this study, LTA4, which was cal-
culated using the medial shoulder joint center, the 
medial ASIS, and a vertical line of reference, most 
closely exemplified 3D measures of lateral trunk 
angle. LTA4 can serve as a proxy for clinicians who 

Figure 5. Landmark designations for determination of 2-Dimensional measurements of lateral trunk angle during a cross drop 
onto the right leg for (1) LTA1, (2) LTA2, (3) LTA3, and (4) LTA4. Red line/shaded area is mean ± SD time-series 3D trunk angle, 
and blue line/shaded area is 2D trunk angle.

Table 2. Pearson Correlation Coeffi cients and p-values between 3D and LTA4 
Outcome Variables

Dependent Variable r-values p-values
Initial Contact 

Left
Right

Max Lateral Angle 
Left
Right

Max Medial Angle 
Left
Right

Trunk Angle ROM 
Left
Right

0.64
0.68

0.89
0.83

0.62
0.88

0.84
0.87

.002

.001

.000

.000

.003

.000

.000

.000
Note: p-value < 0.05 indicates dependent variable mean is significantly different from 
3D measurement mean. 
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do not have access to a 3D motion system to digitize 
2D lateral trunk motion.

Post-hoc analysis indicated that the 2D method of cal-
culation that most closely represented 3D measure-
ments of lateral trunk angle was LTA4, showing no 
statistical differences for any of the four dependent 
variables considered by this study. Also, for separate 
dependent variables, LTA1, LTA2, and LTA4 each 
expressed a smaller mean difference from 3D mea-
surements than the other 2D methods. This finding 
indicates that, at some point during landing, each of 
these models was the optimal choice for reproducing 
frontal plane 3D trunk kinematics. However, though 
each 2D model was comparable to 3D motion values 
at some point and demonstrated individual advan-
tages at various body orientations, LTA4 presented 
the most robust model for matching 3D lateral trunk 
angle measurements throughout the landing phase. 
The reason LTA4 was the most accurate calculation 
of 2D lateral trunk angle or LTA1-3 were less accurate 
may be because of the location of the vertical line 
of reference used in each calculation; the vertical 
line used in LTA4 lay medially to the trunk, whereas 
the vertical line overlaid the trunk itself in LTA2 and 
LTA3 or was not present at all (LTA1). Thus, LTA4 
represents a deviation away from a medial point of 
reference, which may have served as the point at 
which frontal plane trunk angle is neutral, whereas 
the others do not. It is possible that the lack of statis-
tical difference between 3D and LTA4 outcome mea-
sures was attenuated by extreme miscalculations of 
trunk angle cancelling each other out (for example, 
if one subject scored high 3D trunk displacement but 
low 2D displacement, and another subject scored low 
3D displacement and high 2D displacement, there 
would be no discernible difference in the average); 
however, strong correlation coefficients between the 
outcome variables indicate that this is likely not the 
case. 

The use of valid 2D techniques has high potential for 
clinicians who aim to assess injury risk and prescribe 
interventions to athletes but do not have access to a 
3D motion analysis system. LTA4 serves as a proxy 
for clinicians who have access to 2D video and can 
record athletes performing the SCD maneuver, 
which can then be used to digitize the medial shoul-
der joint center and ASIS in order to determine lat-

eral trunk motion. Two-dimensional video has been 
shown to be reliable when comparing video mea-
sures of knee-to-ankle separation ratio and frontal 
plane knee projection angle with 3D measures, with 
an intraclass correlation coefficient of 0.92.9 More-
over, 2D video has been used to deliver augmented 
feedback for athletes to correct frontal plane knee 
angle while performing a tuck jump task,10 as well as 
to improve knee flexion angle and decrease vertical 
ground reaction force upon landing a jump.11 

The results of the current study have clinical impli-
cations in assessing lower extremity injury risk, 
especially for the knee. Given the recent focus on 
the role of the trunk in lower extremity injuries,4 the 
described LTA4 method of measuring trunk angle 
could potentially be used in a composite model of 
lower extremity injury risk. A regression model 
that incorporated lateral trunk displacement after 
a sudden force release to predict female athletes 
who went on to suffer ACL injuries with 83% sen-
sitivity and 76% specificity.12 During maturation, 
rapid increases in the height of the center of mass 
in female athletes make muscular control of the 
trunk difficult. Deficiency in neuromuscular con-
trol of the trunk contributes to increased external 
knee moments by compromising lower limb stabil-
ity during dynamic movements.4 This deficiency is 
evident in greater displacement of the trunk in the 
frontal plane during unilateral movements such as 
cutting or single-leg landings.13 Figure 6 shows the 
relationship between subjects’ lateral trunk ROM as 
determined by LTA4 and peak knee abduction angle 
during landing. Such is an example of an application 
of this method that could be used to develop a com-
posite model for injury risk prediction; however, fur-
ther studies are warranted to determine the validity 
of this approach. That LTA1-4 expressed the same 
relationships in side-to-side differences as 3D mea-
surements indicates that 2D techniques may have 
the potential to accurately assess side-to-side asym-
metries, which have been documented as a poten-
tial risk factor for lower extremity injuries, including 
ACL injury.1,14 Accordingly, in clinical situations 
where 3D models are not feasible to obtain, 2D mod-
els such as LT4 may still serve a clinical function as 
they may identify changes in performance, presence 
of asymmetries, and relative injury risk without dif-
ficulty of implementation.
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CONCLUSION
While there is a pressing need to develop cost-effec-
tive and accurate risk assessment tools for widespread 
clinical use, the current results provide a promising 
approach to the application of 2D techniques to sup-
port this need. Focusing solely on joint motion and 
moment may not only lead to a misinterpretation 
of the injury mechanism but may also prohibit the 
application of optimal intervention to reduce risk. 
Determination of lateral trunk displacement during 
athletic maneuvers such as the SCD has been pur-
ported to be an important indicator of injury risk. 
The method proposed by the study could be used to 
enhance or refine existing clinical and 2D models to 
give the clinician a more comprehensive picture of 
an athlete’s risk for lower extremity injury.
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ABSTRACT
Purpose/Background: Trunk exercises, such as trunk stabilization exercises (SE) and conventional trunk 
exercises (CE), are performed to improve static or dynamic balance. Recently, trunk exercises have also 
been often used as part of warm-up programs. A few studies have demonstrated the immediate effects of 
SE and CE on static balance. However, immediate effects on dynamic balance are not yet known. There-
fore, the purpose of this study was to compare the immediate effect of SE with that of CE on the Star Excur-
sion Balance Test (SEBT).

Methods: Eleven adolescent male soccer players (17.9 ± 0.3 years, 168.5 ± 5.4 cm, and 60.1 ± 5.1 kg) 
participated in this study. A crossover design was used, and each participant completed three kinds of test-
ing sessions: SE, CE, and non-exercise (NE). Experiments took place for three weeks with three testing ses-
sions, and a 1-week interval was provided between different conditions. Each testing session consisted of 
three steps: pretest, intervention, and posttest. To assess dynamic balance, the SEBT score in the anterior, 
posteromedial, and posterolateral directions was measured before and 5 minutes after each intervention 
program. The data of reach distance were normalized with the leg length to exclude the influence of the 
leg length on the analysis. 

Results: The SEBT composite score was significantly improved after the SE (p < 0.05) but did not change 
after the CE and NE (p > 0.05). Furthermore, in the SE condition, SEBT scores of the posterolateral and 
posteromedial directions were significantly improved at the posttest, compared with those at the pretest (p 
< 0.05).

Conclusions: This study demonstrated the immediate improvements in the posteromedial and posterolat-
eral directions of the SEBT only after the SE. This result suggests that the SE used in this study is effective 
in immediately improving dynamic balance.

Levels of Evidence: 3b

Keywords: Core training, dynamic balance, sit-up, stabilization exercise
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INTRODUCTION
The trunk, which is located at the middle of the 
kinetic chain, is an essential region for coordina-
tion during sports performance and for preventing 
injuries. In the current study, the trunk was defined 
as the region of the low back and pelvis, and trunk 
stability was considered as the ability to control the 
position and motion of the trunk during dynamic 
loading and movement conditions.1 Trunk stabil-
ity is important for the connection of movements 
between the lower and upper body, as well as the 
control of body balance and movements.2,3 In order 
to obtain optimal trunk stability, coordination, co-
activation, and neural control of trunk muscles are 
needed.4 Trunk muscles are classified into local and 
global muscles depending on their anatomical ori-
entation and function.5 Local muscles, which have 
more direct or indirect attachments to the lumbar 
vertebrae, are associated with the segmental stability 
of the lumbar spine. On the other hand, global mus-
cles attach to the hips and pelvis, and are related to 
torque production and the transfer of load between 
the thoracic cage and the pelvis.5

Trunk exercises are often performed to improve 
sports performance and strength, prevent injuries, 
and rehabilitate patients with low back pain or dys-
function. One type of trunk exercises, described as 
conventional exercises (CE), include repeated flex-
ion and extension of the trunk, such as sit-ups or 
back extensions, and are performed to strengthen 
the trunk muscles.6 Another type of trunk exercises 
described as trunk stabilization exercises (SE) keep 
the lumbar spine in a neutral position and adjust 
functional postures with minimal accompanying 
trunk movements, such as the back bridge and 
side bridge. The main aim of the SE is to restore 
and improve the coordination and co-contrac-
tion of global and local muscles.7 Previous studies 
have demonstrated that SE improve trunk stabil-
ity,8,9 and athletic performance,8,10 and prevent low 
back pain.9,11,12 Recently, several researchers have 
demonstrated that SE improve static and dynamic 
balance.1,13-15

SE’s are also used as part of warm-up programs, such 
as the “FIFA 11+” injury prevention program. Pre-
vious authors have demonstrated that poor trunk 
stability and strength are associated with a higher 

risk of lower extremity injuries.16,17 Warm-up pro-
grams including the SE have been demonstrated to 
reduce the incidence of lower extremity injuries.18-21

Bizzini et al22 have demonstrated that physiologi-
cal responses, performance, and static and dynamic 
balance were improved immediately after the FIFA 
11+ program. Thus, these factors would be expected 
to be linked to reducing the incidence of the inju-
ries. However, it is not known how much the SE 
contribute to improving physiological responses, 
performance, and static and dynamic balance and 
preventing injuries because there have been very 
few studies that investigated the immediate effects 
of the SE alone. To the authors’ knowledge, only two 
reports about the immediate effects of trunk exer-
cises on static balance have been published.23,24 Kaji 
et al23 reported that the SE program immediately 
improved static balance. Imai et al.24 compared the 
immediate effect of the SE on static balance with that 
of the CE. They found that static balance improved 
immediately with SE but did not improve with the 
CE. This result indicates that the effect of training 
on static balance varies depending on the types of 
trunk exercises and that the immediate improve-
ment of static balance is a specific effect of the SE. 
Imai et al15 and Kahle et al13 previously reported that 
dynamic balance was improved by a 12-week and 6-
week SE program, respectively. However, the imme-
diate effect of SE or CE on dynamic balance is not 
yet known because of the lack of evidence related to 
the immediate effect of trunk exercises.

Therefore, the purpose of this study was to compare 
the immediate effect of SE on dynamic balance with 
that of CE. Dynamic balance is often assessed by 
using the Star Excursion Balance Test (SEBT), which 
is a series of single-limb squats in which the sub-
ject uses the non-stance limb to maximally reach a 
touch point along designated lines on the ground.25 
This test is simple and inexpensive, and has dem-
onstrated good test-retest reliability.26-29 Moreover, 
the SEBT is useful not only as an assessment of 
dynamic balance but also a predictive measurement 
of the risk of lower extremity injuries.30,31 However, 
there are no reports about the immediate effect of 
SE or CE on the SEBT. The authors hypothesized 
that only the SE program would improve the SEBT 
immediately.
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METHODS

Participants
Eleven adolescent male soccer players participated in 
this study. Their mean ± SD age, height, and body 
mass were 17.9 ± 0.3 years, 168.5 ± 5.4 cm, and 60.1 ±
5.1 kg, respectively. All participants were members 
of the same high school soccer club and had been 
attending soccer practice or games six times per week 
at the time of the investigation. Players who reported 
low back pain or a history of lower extremity inju-
ries that required treatment or that might have inhib-
ited performance within the last 12 months were 
excluded. All players and their parents provided writ-
ten informed consent before participation. This study 
was reviewed and approved by the Ethical Commit-
tee at the University of Tsukuba, and carried out in 
accordance with the Declaration of Helsinki.

Procedures
In this study, a crossover design was used and each par-
ticipant participated in testing with three conditions, 
which were SE, CE, and non-exercise control (NE), in 
order to compare the influence of two types of trunk 
exercises on performance on the SEBT. The research 
project took place over a period of three weeks with 
three testing sessions. A 1-week interval was provided 
between the different conditions to rule out the influ-
ence of the previous exercises performed. 

Each testing session consisted of three steps: pre-
test, intervention, and posttest. The measurements 
of the SEBT were performed before and five minutes 
after the training period. The SE and CE programs 
took five minutes and were directed and supervised 
by the researcher. In the NE condition, participants 
sat and rested on a chair for 5 minutes. 

The order in which participants performed the exer-
cises of the three conditions was decided by the re -
searcher to minimize the “learning effects”, a term used 
here to suggest the degree of the participants’ familiar-
ity with the three kinds of exercises, which is most likely 
determined by the order of the exercises. Consequently, 
four participants performed exercises in the order SE, 
CE, and NE; four participants in the order CE, NE, and 
SE; and three participants in the order NE, SE, and CE. 

The Star Excursion Balance Test
The participants performed the SEBT in the anterior, 
posteromedial, and posterolateral directions.29,32-34 

They received verbal instruction and visual demon-
stration of the SEBT from the same examiner before 
performing the test. 

The participants stood on the leg they used for kick-
ing a ball, with the most distal part of the great toe 
placed on the center of the grid. While maintaining a 
single-leg stance, they used the opposite leg to reach, 
as far as possible toward the end of the line along 
a grid in the anterior, posteromedial, and postero-
lateral directions. Then, they touched the ground 
lightly with the most distal part of the reaching foot 
before returning to the starting position. Their hands 
were held at the iliac crest during the test. All tests 
were performed barefoot to rule out the influences 
of shoes. After six practice trials were completed, 
the participants rested for two minutes and then 
performed three test trials in each direction.35 The 
order of the reaching directions was randomized at 
each test session. The test was discarded and then 
repeated in the same manner if a participant failed 
to maintain the unilateral stance, lifted or moved the 
standing foot from the grid, or failed to return the 
reaching foot to the starting position. 

The longest reach distance in each direction was 
used for the analysis. For an accurate analysis, the 
data of reach distance was normalized with the leg 
length to exclude the influence of leg length.25,36 The 
leg length was measured with a tape measure from 
the anterior superior iliac spine to the center of the 
ipsilateral medial malleolus.36 The composite score 
was calculated according to the formula {(sum of all 
three directions)/(limb length*3)}*100.29

Trunk stabilization exercise program
The SE program consisted of the front plank, quad-
ruped exercise, and back bridge (Figure 1). Okubo 
et al37 reported that the SE used in this study involve 
higher activities of local muscles than other exer-
cises. For the front plank, participants maintained a 
prone position in which the body weight was sup-
ported by the toes and forearms. From this position, 
they raised the right arm and left leg simultaneously 
and held them straight up for five seconds. Next, they 
raised the left arm and right leg simultaneously and 
held them straight up for five seconds. Then, partici-
pants lowered their bodies on the floor and rested for 
10 seconds. This routine was repeated five times. For 
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the quadruped exercise, participants assumed a quad-
ruped position. They were then asked to hold a neu-
tral pelvis position and to breathe normally. Then, 
they raised their right arm and left leg simultaneously 
and held them straight up for five seconds. Next, they 
raised their left arm and right leg simultaneously and 
held them straight up for five seconds. Then, they 
rested for 10 seconds. This routine was repeated five 
times. For the back bridge, participants laid supine on 
the floor, with their feet flat on the ground, knees bent 
at 90�, toes facing forward and hands folded across the 
chest. They raised their pelvis to achieve and main-
tain a neutral hip flexion angle, then raised one leg 
from the floor and extended the knee straight. This 
position was maintained for five seconds. Then, they 
raised the opposite leg and maintained the position 
for five seconds. Then, they rested for 10 seconds. 
This routine was repeated five times.

Conventional exercise program
For the CE program, participants performed sit-ups, 
sit-ups with trunk rotation, and back extensions (Fig-
ure 2). For the sit–ups, participants laid supine in 
the standard sit-up position, knees bent at 90�, and 
hands folded across the chest with each hand placed 
on the opposite shoulder. They were asked to bend 
and raise the upper body until their elbows reached 
their thigh and then to return to the starting position. 
This routine was performed 30 times. For the sit-ups 
with trunk rotation, participants were asked to raise, 
bend, and rotate the upper body to the left or right 
until the elbow touched the opposite thigh from the 
starting position of the sit-up. This was performed 30 
times, alternating on the right and left sides. For the 

Figure 1. Trunk stabilization exercise program for this study: 
(a) the front plank, (b) the quadruped exercise, and (c) the back 
bridge.

Figure 2. Conventional exercise program for this study: (a) 
the sit-up, (b) the sit-up with trunk rotation, and (c) the back 
extension.
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back extension, the participants lifted their upper 
body and legs off the floor simultaneously from a 
prone position on the floor. After a comfortable ele-
vation, they lowered their upper body and legs to 
return to the starting prone position. These move-
ments were repeated 50 times.

Statistical analysis
Statistical analyses were performed by using the 
software SPSS for Mac ver. 19 (SPSS Inc. Chicago, 
IL, USA). The test-retest reliability for the SEBT was 
calculated by using a two-way random effect model 
intraclass correlation coefficients (ICCs). The nor-
mality and equal variance assumptions were checked 
by using the Kolmogorov-Smirnov test and Levene 
test, respectively. The baseline data of the SEBT 
between groups were compared by using a one-way 
ANOVA. A two-way (group × time) repeated-mea-
sures ANOVA with a mixed-model design was used to 
assess the changes over time and the between-group 
difference. When a statistically significant interaction 
effect was found, a Bonferroni post hoc test was done. 
Statistical significance was inferred at p < 0.05. Effect 
sizes (ESs) were calculated by using Cohen’s d to com-
pare the results of the pre-test and the post-test. ESs 
were interpreted as small (0.21–0.50), medium (0.51–
0.80), or large (>0.81). 

RESULTS
The test-retest reliability analysis demonstrated ICCs 
of 0.965, 0.888, and 0.948 for the anterior, posterolat-
eral, and posteromedial directions, respectively.

There were no significant differences between 
groups at the baseline data of each direction (p > 

0.05). For the SEBT composite score, significant con-
dition-by-time interactions existed (F = 5.441, p = 
0.010). A Bonferroni post hoc test detected that the 
SEBT composite score was increased significantly 
only after the SE (p < 0.001, ES = 0.53). A moderate 
ES (0.53) was associated with this relation. The com-
posite score did not change after the CE (p = 0.097, 
ES = 0.15) and NE (p = 0.570, ES = 0.06) (Table 1). 

In the analysis of each direction, there were significant 
condition-by-time interactions in the posterolateral 
direction (F = 5.764, p = 0.008) and posteromedial 
direction (F = 7.745, p = 0.002). However, no inter-
action effect in the anterior direction was noted (F =
0.116, p = 0.891). In the SE condition, the Bonfer-
roni post hoc test revealed that the SEBT score of the 
posterolateral direction (p = 0.002, ES = 0.44) and 
posteromedial direction (p < 0.001, ES = 0.74) was 
significantly greater at the posttest than at the pretest 
(Table 2). Small to moderate ESs were associated with 
these relations. 

DISCUSSION
This study compared the immediate effects of differ-
ent types of trunk exercises on the performance on 
the SEBT. One interesting finding was that the SEBT 
composite score significantly improved only after 
the SE but not after the CE and NE. Thus, the results 
indicate that the SE has the immediate effects con-
cerning improvement of dynamic balance. Although 
previous studies have demonstrated that 12 weeks 
and 6 weeks of the SE improved dynamic balance,13,15 

the current research provides the first evidence 
showing the immediate effects of the SE on dynamic 
balance. 

Table 1. The results of normalized composite score of the Star Excursion 
Balance Test

Pre* Post* Bonferroni % change ES
Composite †

SE 94.0 4.8 96.8 5.7‡ 0.000 2.9 0.53
CE 94.7 6.1 95.6 6.5 0.097 1.0 0.15
NE 95.1 5.1 95.4 5.1 0.570 0.3 0.06

*Mean SD %
†Significant group-by-time interaction (p < 0.05)
‡Significant difference between the pre and post (p < 0.05)
CE, Conventional trunk exercises; ES, Effect size; NE, non-exercise control; SE, Trunk
stabilization exercises.
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Concerning the reach direction, results show that the 
reach distance improved in the posteromedial and 
posterolateral directions and that in the anterior direc-
tion did not change. For the posterior directions, the 
hip flexion range of motion of the stance leg is impor-
tant.38 Because the trunk is leaning forward to main-
tain balance in the SEBT position,39 eccentric muscle 
contraction of the hamstrings and low back muscles, 
such as the erector spinae and multifidus, is needed.40 
Thus, the function of the local muscles as monitors 
and the control of the trunk motion by the global mus-
cles are both important. During the SE program pre-
scribed here, the trunk position was maintained and 
adjusted by working the local and global muscles.37 
Therefore, participants might have improved the con-
trol of the trunk position during the posterior direc-
tions of the SEBT after the SE. The SE involving arm 
and leg lifts used in this study have previously been 
shown to involve high external oblique activity, which 
is likely to assist in control of trunk rotation.37 Thus, 
the improvement in the control of the trunk rotation 
may help the control of the lower extremity during 
the posteromedial direction of the SEBT. 

In contrast, the anterior direction was not changed 
significantly. This supported the findings of the pre-
vious study that investigated the effect over 8 weeks 

of training.29 Hock et al32 reported that the range of 
motion of the dorsiflexion influenced the anterior 
direction to a greater degree than posterior direc-
tions. Therefore, it is possible that the anterior direc-
tion is more sensitive to changes affected by the distal 
contributions. 

Although the SE program was effective in improving 
the SEBT, no change was found after the CE program. 
The SE differs from the CE in terms of the stresses 
applied on particular body segments. Some basic prin-
ciples of physical training must be followed to obtain 
the optimal effects of physical training.41 The specific 
adaptation to imposed demands (SAID) is one such 
basic principle. The SAID principle states that the 
human body will adapt specifically in response to the 
demands and stresses placed on it.41 The SE program 
consists of closed kinetic chain positions that place 
unilateral stresses on the hip extensors, and the task 
of movement is to maintain and control these posi-
tions. This stress resembles the stress of the SEBT 
in the posteromedial and posterolateral directions. 
On the other hand, the CE applies stress to the lum-
bar spine flexors and extensors in a dynamic bilat-
eral manner. Therefore, the SE may be more suitable 
than the CE in terms of SAID as a training program 
to improve dynamic balance.

Table 2. The results of normalized reach distance scores of each direction of the Star 
Excursion Balance Test

Direction Pre* Post* Bonferroni % change ES
Anterior

SE 74.0 3.4 73.7 4.6 - -0.4 0.07
CE 75.0 6.0 74.9 5.1 - 0.1 0.01
NE 73.3 5.3 73.5 4.8 - 0.3 0.04

Posterolateral †

SE 102.8 7.3 106.2 8.1‡ 0.002 3.3 0.44
CE 103.6 6.8 105.2 8.1 0.115 1.5 0.21
NE 105.4 7.4 104.1 7.8 0.191 -1.3 0.17

Posteromedial †

SE 105.3 5.8 109.8 6.4‡ 0.000 4.3 0.74
CE 105.5 7.6 106.2 8.2 0.403 0.6 0.08
NE 106.6 4.9 108.0 4.4 0.077 1.3 0.29

*Mean SD %
†Significant group-by-time interaction (p < 0.05)
‡Significant difference between the pre and post (p < 0.05)
CE, Conventional trunk exercises; ES, Effect size; NE, non-exercise control; SE, Trunk
stabilization exercises.
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Limitations
Several limitations of this study should be consid-
ered. First, the sample size was small and the partici-
pants were all adolescent male soccer players. Thus, 
further confirmation of these results must be done 
in larger and more diverse populations, including 
female athletes and older individuals. Second, this 
study investigated the effect on the SEBT of the SE 
and CE programs comprising three exercises. Vari-
ous trunk exercises and methods have been utilized 
to enhance trunk control and the strength of trunk 
muscles. The results of this study apply only to the SE 
program used here. Third, this study could not show 
how long the immediate effect on the SEBT lasts. This 
problem will need to be investigated in the future to 
clarify the efficacy of a warm-up program. Moreover, 
future studies that investigate whether the SE reduce 
the risk of injuries are needed. Previous studies have 
demonstrated that the FIFA 11+ program improved 
the SEBT immediately and that soccer players who 
adhered to the FIFA 11+ program showed improve-
ment in the SEBT and a reduced injury risk.21,22 Thus, 
the SE program that has been demonstrated to cause 
immediate improvement of the SEBT may have the 
benefit of resulting in injury prevention.

Practical application
This study demonstrated that the SE improves 
dynamic balance. The previous study has shown that 
the SE program used in this study improves static bal-
ance.24 These results suggest that the SE is effective for 
immediately improving static and dynamic balance. 
For warm-up exercises, coaches and trainers use many 
kinds of exercises to improve performance and prevent 
injuries in athletes. The SE program used in this study 
is simple and easy to incorporate into a warm-up routine. 
Moreover, because an immediate effect on SEBT was 
demonstrated, the SE may enhance athletes’ dynamic 
balance, which is required for almost all athletic activi-
ties. Therefore, the authors’ would recommend that 
coaches consider changing their warm-up program to 
include at least the selected SE exercises, with the hope 
of enhancing the athlete’s dynamic balance. 

CONCLUSION
This study demonstrated that the posteromedial and 
posterolateral directions of the SEBT were improved 
immediately after the SE, but not after the CE. Results 

of this study suggest that the SE program used in 
this study is effective in immediately improving 
dynamic balance. 
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ABSTRACT
Purpose/Background: Visuomotor ability is an important parameter for neurologic function and effective sport performance. 
Adding a balance challenge during a structured eye-hand coordination task, such as hitting lights on a light board (Dynavision™), 
has not been previously reported. Using Division I football players, the aim of this study was to determine normative data on a 
dual-task performance regimen combining a visuomotor light board task with a balance task. The intent is to use such normative 
data and baseline data as part of a concussion management program. 

Methods: Division I college football team members, n=105, were consented. Subjects first performed Dynavision™ D2™ Visuomo-
tor Training Device (D2™) eye-hand coordination tasks, the A* and the RT; they then performed the same tasks with an added bal-
ance challenge, standing on a BOSU® ball. 

Results: Ninety-four athletes completed the full testing procedure on the D2™ system. The mean score of the A* test was 93 ± 11.0 
hits per minute; and the mean on the A* test with the added BOSU® balance challenge was 83.7 ± 9.2 hits per minute. The mean 
RT time was 0.33 ± 0.036 seconds. Mean reaction time increased to 0.38 ± 0.063 while the subject stood on the BOSU® ball. Perfor-
mance on the D2™ A* and RT were both statistically significantly different in the dual task condition (p<0.05).

Conclusions: Results show an approximate 10% decline in D2™ performance when healthy individuals stand on a BOSU® ball. 
From the data presented here, the authors determined that there is a 10% decrement in performance when one’s balance is chal-
lenged on the BOSU® ball. A fall in performance of substantially greater than 10% may indicate abnormal vestibulocerebellar regu-
latory processing of balance and motion. Further research, using these normative data is needed to determine more specific 
parameters for definitions of impairment and return-to-play and if there is utility for such studies as part of a concussion manage-
ment program.

Level of Evidence: III

Key Words: Balance, postural control, vestibular, Dynavision™, concussion
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INTRODUCTION
A concussion is a mild traumatic brain injury 
(mTBI) that results from head trauma due to direct 
or indirect forces applied to the head and neck. 
The American Medical Society for Sports Medicine 
defines a concussion as a temporary disturbance 
in neurologic function due to trauma.1 This injury 
provokes a series of pathophysiological changes. A 
wide variety of clinical symptoms can occur ranging 
from no symptoms; when a patient denies any prob-
lems, to overt clinical signs and symptoms, which 
can include headache, confusion, balance and vision 
disturbances, and others.2 Loss of consciousness is 
another sign that people commonly associate with 
concussion, but has been shown to be associated 
with less than 5% of athletic concussions.3

Each year, it is suspected that at least 3.8 million 
persons in the United States sustain a mild traumatic 
brain injury;4 at least 150,000 of these are sports-
related concussions. American football is the lead-
ing cause of organized sport-related concussion at 
both the high school and collegiate level.5 Recent 
epidemiological studies of concussion in collegiate 
football demonstrate rates between 0.376 and 0.617 
per 1000 athlete exposures.

Symptomatic presentation of concussions varies 
greatly from individual to individual based on history, 
co-morbid factors and severity of neurophysiologic 
disturbance. Clinical presentation may include (in 
varying degrees): headache, dizziness, possible loss 
of consciousness, nausea, vomiting, neurocognitive 
deficits, or no symptoms at all. Visuomotor and bal-
ance changes are also common sequelae following 
concussion. These symptoms develop secondary to 
disturbances within the complex neurophysiologic 
systems involved in vision and balance.

One’s ability to balance is derived largely from the 
combined functions of the cerebellum and vestibu-
lospinal tract as well as the organs of the inner ear. 
These systems are responsible for upright postural 
control and visual tracking.8,9 Precise, voluntary motor 
control of the upper and lower extremities is provided 
by the lateral and ventral corticospinal tracts, which 
originate in the cerebral cortex.10 These complex and 
extensive neural structures receive proprioceptive 
and somatosensory input from nerves throughout the 

body and are highly susceptible to injury in the event 
of head trauma. A disturbance in function anywhere 
along the neural chain can lead to deficits in vestibu-
lar, visual, motor, or cognitive function.11

The vestibular system is constantly barraged by 
incoming sensory information and typically func-
tions involuntarily, with the control of balance occur-
ring largely in an unconscious manner. Following 
brain injury, as the brain is attempting to heal, the 
vestibular system begins to require more conscious 
control in order to perform coordinated actions and 
maintain balance during even simple, normal move-
ments. The increase in conscious control of balance 
subsequently slows the performance of other cen-
tral nervous system tasks.12

According to the National Collegiate Athletic Associa-
tion (NCAA) and the National Athletic Trainers Asso-
ciation (NATA), current best practice for concussion 
management includes an evaluation of symptoms, a 
neurocognitive analysis, and a balance assessment.13,14 
Many functional assessment systems for neurocogni-
tive and balance performance exist and are used for 
evaluation pre- and post-concussion. Common neuro-
cognitive tests include; the Standardized Assessment 
of Concussion (SAC),15 the Sport Concussion Assess-
ment Tool (SCAT) (3rd Edition),16 and the Immediate 
Post-Concussion Assessment and Cognitive Testing 
(ImPACT®). Balance assessments in the sports arena 
are often conducted using the Balance Error Scor-
ing System (BESS)17 or the Sensory Organization 
Test (SOT). Though balance and cognition are often 
assessed separately in the instance of concussion, it 
is well understood that these systems are intimately 
linked via the central nervous system. 

The dual-task paradigm is a well-established neu-
ropsychological procedure that examines changes 
in performance when one simple singular task is 
combined with another. Depending upon the nature 
of the task and the cerebral processing required, 
performance during the dual-task may or may not 
decline when compared with performance during 
the singular task.18

Several researchers have attempted to study this 
dual task phenomenon by combining balance test-
ing with a cognitive performance task. In 2011, Resch 
and colleagues assessed various balance conditions 
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in healthy subjects, using the NeuroCom® Smart Bal-
ance Master®, with and without the simultaneous 
performance of a cognitive task.19 In four of the six 
balance conditions, the researchers noted that pos-
tural sway actually declined with the addition of the 
auditory cognitive stimulation. Additionally, it was 
determined that time to response during the cogni-
tive task increased with the addition of the balance 
challenge. From this, one can ascertain that the 
brain processes cognitive function secondary to pos-
tural and balance demands.19 This is likely, because 
balance ability comes, in part, from cerebellar path-
ways; when one is engaged in a balance activity with 
a constitutive task, the cerebellum must divide its 
processing power.19,20,21 A study by Hunter and Hoff-
man demonstrates results similar to Resch et al19,22 
A force platform was utilized to assess postural sway 
while subjects performed visual and auditory cogni-
tive tasks both with and without eye movement. The 
researchers noted that the subjects (healthy, young 
persons) had decreased postural sway with the per-
formance of a cognitive task without eye movement. 
Additional data from the study indicated that adding 
visual tracking demands significantly increased the 
postural sway in healthy young adults.22

The purpose of the current study is to establish 
normative data on visual motor testing, using the 
Dynavision™ D2™ Visuomotor Training Device (D2™) 
(Dynavision™ International, West Chester, Ohio), with 
and without a simultaneous balance assessment in 
Division I collegiate football players. The authors aim 
to add to the current literature with practical, sport-
specific simulations of balance challenges concur-
rent with visual target training. A future goal for this 
research is to eventually use these newly established 
normative values to assist in developing methods for 
assessing and managing concussion in athletes.

METHODS
Participants: Subjects were recruited from a Division 
I college football team, which consisted of 105 players. 
All subjects were healthy college-aged males, ranging 
in age from 18 to 23 years. An athlete was considered 
for inclusion in the study if he was an official mem-
ber on the varsity football team roster for the 2013 
football season. Athletes were excluded from the 
study only if they had an injury or illness that pre-
vented safe participation in data collection (i.e. cur-

rent extremity injury, active concussion symptoms). 
Athletes were not excluded based on history of prior 
concussion or concussion-like symptoms, nor were 
they excluded for a history of extremity injury. Prior 
to the study, subjects were cleared for safe partici-
pation by the head football athletic trainer and the 
team physician. Basic demographic information for 
these athletes can be found in Table 1. 

Procedures: This study was evaluated and approved 
by the Institutional Review Board (IRB) for the Uni-
versity of Cincinnati. Subjects read and signed an 
informed consent statement approved by the IRB. 
All rights of the subjects were protected.

Two standard protocols employed for testing on 
the D2™ were utilized, the A-star (A*) test and the 
Reaction Test (RT). During each of these tests, the 
athlete’s reaction time and visuomotor skills were 
assessed by pressing an assortment of illuminated 
buttons as they became visible. The A* test is a one 
minute test of random illumination of buttons at any 
location on the light board. The athlete must depress 
the lit buttons as quickly as possible while button 
illumination continues (irrespective of successful 
button depression). Figure 1 shows an individual 
performing the A* on the Dynavision D2™ system. 
The RT is a series of tests in three planes, which 
assesses visual and motor reaction time of the right 
and left hands individually as well as overall reac-
tion time. The subject depresses the lit button until 
the next button becomes illuminated; they must 
then depress this button as quickly as possible before 
returning to the original button. Each test produces 
quantifiable data on the number of correct hits and 
time from illumination to depression of each button. 
The D2™ has been found to be a reliable instrument 
for reaction time assessment in recreationally active 
young adults (ICC = 0.632 to 0.835).23

For each participant the authors collected baseline 
A* and RT data captured from all preseason camps 

Table 1. Demographic Information

Range Mean 
Age (years) 

Weight (pounds) 
Experience* 

18-23

*Experience= years of experience in Division I football 

 20.08 

226.4157-315
1.470-5
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the participant attended. In each case, baseline A* 
and RT data was collected prior to unstable surface 
testing. Some participants had multiple years of base-
line data, as returning players may have attended 
prior preseason camps. Baseline data collection was 
performed with the D2™ system with the participant 
standing on stable ground. For experienced members 
of the team, baseline data may have been gathered 
from a previous pre-season camp. New team mem-
bers received baseline testing at the 2013 preseason 
camp. Although each participant performed base-
line testing prior to testing on the unstable surface, 
some stable ground data was also collected following 
this balance challenge condition. ‘Best test’ data rep-
resents the highest score achieved by the end of the 
2013 preseason camp. This may have taken place 
before or after the unstable surface testing.

Participants performed the A* and RT while stand-
ing on an unstable surface at the 2013 preseason foot-
ball camp. A BOSU® Pro Balance Trainer (referred to 
by the authors as a ‘BOSU®’) (BOSU®; Ashland, Ohio) 
was placed on the floor within arm’s reach of the 
D2™ system. The BOSU® was turned onto its semi-
spherical surface so that its flat surface was facing 
up; the participants stood on the flat surface of the 
BOSU® (Figure 2). The height of the D2™ system was 
adjusted to reproduce the environment that was 

used for baseline testing. During this session, one 
trial of A* and RT was performed and recorded with 
the individual standing on the BOSU®. Players had 
the opportunity to perform practice runs on this set 
up prior to data collection. Only one BOSU® run was 
used for data collection purposes.

Data Collection and Storage: Four separate D2™ 
light boards, each with its own corresponding laptop 
with D2™ software, were utilized in data collection 
for the current study. The Dynavision D2™ is an FDA 
cleared medical device manufactured under Good 
Manufacturing Practices (GMP) and International 
Organization for Standardization (ISO) conditions, 
ensuring sound construction and electronic accu-
racy. A D2™ reliability study showed moderate to 
strong reliability in visual reaction time and fair reli-
ability in assessing motor reaction time.23 Time to 
reaction and number of positive hits within each 60-
second trial were collected during testing and stored 
on a laptop computer utilized solely for D2™ software 
and data storage. Data were collected from each trial 
of the A* and RT; the data were coded and stored 

Figure 1. Individual performing the A* test on the D2™ system.

Figure 2. Individual performing the A* test during the balance 
challenged condition, standing on a BOSU®.
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separately in a file unique to each athlete. Each ath-
lete’s file stores a date and time-stamped history of 
each D2™ program completed.

Data Analysis: Data from the athletes’ D2™ perfor-
mance on both the A* and RT was automatically 
gathered and stored using software provided by the 
D2™ system. Data included reaction time and num-
ber of correct visuomotor responses in one minute. 
T-tests were used to compare D2™ data to D2™ plus-
BOSU® data for the A* and the RT. Level of signifi-
cance was set at p < 0.05.

RESULTS
A* Test: Of the 105 athletes consented for the study, 
97 athletes completed the A* on both stable ground 
and on the BOSU®. Eight of the consented athletes 
were unable to complete testing due to injury or dis-
missal from preseason camp prior to the start of data 
collection. In the first condition, where D2™ was per-
formed on stable ground, the mean score for each 
athletes’ best A* test was 93.5 ± 11.0 hits per minute 
(hpm). Subsequent A* testing performed with the 
athlete on the BOSU® revealed a mean score of 83.7 
± 9.2 hpm. This drop in mean score (an average of 
9.8 ± 8.3 fewer hpm) was statistically significantly 
different, p < 0.00001, between conditions. (Table 2) 

Reaction Test: The D2™ Reaction Test is able to 
record both visual (time from illumination of a but-
ton to release of the already depressed button) and 
motor (time from release of the depressed button to 
depression of the recently illuminated button) reac-
tion time. Ninety-four male athletes completed this 

portion of the data collection. Following A* testing, 
three athletes were unable to complete the RT data 
collection as they were withdrawn for other team 
commitments. The program utilizes these two mea-
surements to determine overall visuomotor reaction 
time. For all players, the mean overall reaction time 
(best test) was 0.33 ± 0.036 seconds while stand-
ing on stable ground. Mean reaction time increased 
to 0.38 ± 0.063 when standing on the BOSU® ball. 
The increase in mean reaction time of 0.05 seconds 
was statistically significantly different, p < 0.00001, 
between conditions. These results illustrated a sta-
tistically significant slowing of overall reaction time 
with balance on an unstable surface.

All athletes improved their D2™ scores from their 
first attempt to their final and had a decline in score 
while doing the BOSU® challenge regardless of their 
level of experience. However, the magnitude of the 
decline in scores during the BOSU® challenge was 
significantly less in upper-classmen (athletes with 
two or more years of playing experience with the 
university) compared to younger players. No statis-
tical differences were seen between offensive and 
defensive athletes in A* scores, while stable ground 
differences are noted between the groups in the RT 
test. No differences are noted in A* or RT perfor-
mance between skilled and non-skilled players in 
any testing condition (Table 3). 

While these data were obtained using healthy indi-
viduals with no currently diagnosed concussion or 
concussion-like symptoms, an athlete’s prior his-
tory of concussion was taken into consideration. An 

Table 2. A* and RT Time Results
Best performance �me compared to test conducted with athlete on the BOSU® 
Test  Closest Time on System* Test Conducted on 

BOSU® 
p value 

A* (hpm) (n=97) 88.3 ± 9.7 83.7 ± 9.2 P≤0.00001 
Reac�on Test Time (sec) 
(n=94) 

0.35 ± 0.040 0.38 ± 0.063 P=0.00001 

Best �me overall compared to test conducted with athlete on the BOSU® 
Test  Best Time on System Test Conducted on 

BOSU® 
p value 

A* (hpm) (n=97) 93.5 ± 11.0 83.7 ± 9.2 P≤0.00001 
Reac�on Test Time (sec) 
(n=94) 

0.33 ± 0.036 0.38 ± 0.063 P≤0.00001 

A*= the A* Dynavision D2™ test; RT= the Reac�on Time Dynavision D2™ test; hpm = hits per minute 
All descrip�ve data are reported as mean +/- standard devia�on.  
*Closest �me on System= the Dynavision D2™ trial conducted on flat ground that occurred closest in 
�me/date to the trial conducted on the BOSU™, may have occurred before or a�er the dual task trial.  
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Table 3. A* and RT Results
Years of Play 

A* (hits per minute) (n=97) Athlete played 
college football > 2 

years at �me of 
tes�ng (n=29) 

Athlete played 
college football < 
2 years at �me of 

tes�ng (n=68) 

p value 

Closest Time on System* 94.1 ± 10.11 85.8 ± 8.46 <0.0001 

Best Time on System 97.3 ± 12.18 92.0 ± 10.07 <0.05 

Test Conducted on BOSU® 86.4 ± 9.97 82.5 ± 8.72 <0.05 

RT Time (sec) (n=94) Athlete played 
college football > 2 

years at �me of 
tes�ng (n=29) 

Athlete played 
college football < 
2 years at �me of 

tes�ng (n=65) 

p value 

Closest Time on System* 0.34 ± 0.032 0.35 ± 0.043 0.19 

Best Time on System 0.33 ± 0.031 0.34 ± 0.038 0.26 

Test Conducted on BOSU® 0.38 ± 0.083 0.38 ± 0.052 0.48 

 
Offensive versus Defensive 

A* (hits per minute)(n=97) Defensive Player 
(n=42) 

Offensive Player 
(n=55) 

p value 

Closest Time on System* 88.8 ± 10.06 88.2 ± 9.85 0.38 

Best Time on System 94.5 ± 13.28 93.4 ± 8.97 0.31 

Test Conducted on BOSU® 84.8 ± 9.81 82.4 ± 9.07 0.11 

RT Time (sec) (n=94) Defensive Player 
(n=42) 

Offensive Player 
(n=52) 

p value 

Closest Time on System* 0.34 ± 0.034 0.35 ± 0.043 <0.05 

Best Time on System 0.33 ± 0.033 0.34 ± 0.038 <0.05 

Test Conducted on BOSU® 0.37 ± 0.054 0.38 ± 0.070 0.25 

 
Skilled versus Non-skilled Posi�ons 

A* (hits per minute) (n=97) Skilled Posi�on 
(n=45) 

Non-skilled 
Posi�on (n=52) 

p value 

Closest Time on System* 88.9 ± 8.72 88.0 ± 10.54 0.32 

Best Time on System 93.8 ± 8.51 93.6 ± 12.75 0.45 

Test Conducted on BOSU® 85.2 ± 8.45 82.5 ± 9.95 0.09 

RT Time (sec) (n=94) Skilled Posi�on 
(n=44) 

Non-skilled 
Posi�on (n=50) 

p value 

Closest Time on System* 0.34 ± 0.040 0.35 ± 0.040 0.11 

Best Time on System 0.33 ± 0.040 0.34 ± 0.035 0.41 

Test Conducted on BOSU® 0.37 ± 0.054 0.38 ± 0.070 0.12 

 
Results Based on History versus No History of Concussion 

A* (hits per minute) (n=97) History of 
Concussion (n=28) 

No History of 
Concussion (n=69) 

p value 

Closest Time on System* 90.4 ± 10.20 87.1 ± 9.32 0.08 

Best Time on System 96.3 ± 12.34 92.1 ± 9.19 <0.05 

Test Conducted on BOSU® 86.3 ± 9.67 82.6 ± 9.07 <0.05 

RT Time (sec) (n=94) History of 
Concussion (n=27) 

No History of 
Concussion (n=67) 

p value 

Closest Time on System* 0.35 ± 0.038 0.35 ± 0.040 0.46 

Best Time on System 0.33 ± 0.034 0.33 ± 0.036 0.39 

Test Conducted on BOSU® 0.37 ± 0.055 0.37 ± 0.055 0.37 

A*= A* Dynavision D2™ test; RT= Reaction Time Dynavision D2™ test 
*Closest time on System= the Dynavision D2™ trial conducted on flat ground that
occurred closest in time/date to the trial conducted on the BOSU™, may have  
occurred before or after the dual task trial.

Note: special teams players were included in the offense category; Skilled positions included: 
quarterback, wide receiver, running back, defensive back, special teams; Non-skilled 
positions included: defensive line, linebacker, offensive line, tight end/full back 
All descriptive data are reported as mean +/- standard deviation 
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unpaired t-test was performed to compare the data 
from the players’ best A* and RT (with and without 
the BOSU®)with first D2™ test each athlete performed. 
The year of ‘first test’ data collection depended upon 
when each athlete began attending team preseason 
camps. The results from those athletes with a con-
cussion history and those with no history of con-
cussion were compared. No differences were found 
between the groups for the RT, however statistically 
significant differences were noted for the A* in both 
the flat ground and the BOSU® test conditions. Inter-
estingly, those athletes with a history of concussion 
performed better than those without concussion his-
tory in both testing conditions (Table 3).

DISCUSSION
The incidence and recognition of sport-related con-
cussion has grown tremendously in the last decade. 
New research on the long-term effects of concussion 
is now emerging, leading to policy changes and an 
increased urgency for further research, and develop-
ment of more comprehensive treatment and preven-
tion programs. Although best practice for concussion 
management includes both neurocognitive analysis 
and a balance assessment, the two are often evalu-
ated separately and there is no comprehensive mea-
sure that has gained wide acceptance for evaluation 
and/or concussion treatment.13,14 Many methods for 
dual task evaluation have been attempted, but none 
have endeavored to assess a simultaneous upper 
extremity visuomotor coordination task with bal-
ance on an unstable, self-perturbing surface. Much 
of the previous research in this area has utilized a 
relatively stable surface that is perturbed externally 
to create instability; past research shows that neu-
rocognitive performance is altered with changes in 
stability of the standing surface.19,22,24-26

While the symptoms an athlete experiences following 
concussion can vary greatly, balance and visuomo-
tor performance are likely among the main sequelae 
that limit return to full sport performance.12,24 In 
sport, these two events almost always occur simulta-
neously; likely due to their interrelationship via the 
vestibular system. The ability to perform these tasks 
concurrently in an (largely) unconscious process is 
essential for successful sport performance. There-
fore, it is of great importance to assess and train 

these systems together and clear the concussed ath-
lete before returning that athlete to competition.

The researchers aimed to examine a comprehensive 
evaluation tool that would utilize multi-task perfor-
mance principles and allow for translation to on-
field sport-specific skills. The D2™ training system 
was utilized to assess Division I college athletes in 
both stable surface and unstable surface conditions. 
The visual and motor systems of the brain provide 
the oculomotor control and visuomotor coordination 
necessary for completion of the study tasks. It was 
expected, therefore, that some change in D2™ per-
formance would be noted with dual tasking, in this 
case the addition of a challenge to balance, as this 
would provide additional sensory input to the brain 
that would slow overall processing speed.

It is well documented that both balance and cognitive 
function may decline following a concussive event.25-27

The addition of a visual-cognitive challenge has 
been shown to increase postural sway in concussed 
patients, suggesting that postural instability follow-
ing head injury is likely a result of the contribution of 
the visuospatial system to balance.24 In 2004, Heitger, 
et al. found that measurable changes are seen in both 
eye movement and visuomotor arm movements fol-
lowing a mild traumatic brain injury.11

Extrapolating from the Resch19 and Hunter22 stud-
ies, one would expect to see changes in D2™ scores 
with the addition of a balance challenge in normal, 
healthy subjects. With an added balance challenge, 
D2™ scores would likely further decline in a con-
cussed athlete.19 In the current study, however, the 
authors’ found that a history of concussion did not 
impact the ability to perform the balance challenge. 
However, the methods utilized in the current study, 
would not allow for prediction of whether active con-
cussion symptoms would cause a decline in score. 
While visuomotor and postural stability declines 
are expected following concussion2 and dual-task 
functions are likely impaired, re-training must then 
include modalities that challenge multi-task perfor-
mance and return the athlete to their prior level of 
heightened postural control with cognitive and sport 
specific tasks. With this knowledge and normative 
data, the researchers in this study hope to establish 
new, evidence based protocols using baseline testing 
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and objective balance tools for return to play deci-
sion-making following a diagnosis of concussion.

All athletes improved their D2™ scores from their 
first attempt to their final and had a decline in score 
while doing the BOSU® challenge regardless of their 
level of experience. However, the magnitude of the 
decline in scores during the BOSU® challenge was 
significantly less in upper-classmen (athletes with 
two or more years of playing experience with the 
university) compared to younger players. No statis-
tical differences were seen between offensive and 
defensive athletes in A* scores, while stable ground; 
differences are noted between the groups in the RT 
test. No difference are noted in A* or RT perfor-
mance between skilled and non-skilled players in 
any testing condition (Table 3).

Table 2 illustrates the progression of both A* and RT 
scores among the 94 athletes performing their first 
assessment, their best assessment and the assessment 
involving the BOSU® challenge. The upper-classmen 
achieved significantly higher scores for their indi-
vidual A* runs on stable ground and with the BOSU® 
(Table 3). The relative change in the D2™ scores for 
both the A* and RT show a consistent decline in both 
groups with the addition of the BOSU® challenge. 
Thus, the impact of the balance challenge was not 
mitigated or exacerbated by age or level of training.

All players and positions who were tested on the 
D2™ system showed improvement with training and 
had a similar percentage of decline in their scores 
with the BOSU® challenge. This consistent decre-
ment in performance is likely due to the previously 
mentioned physiology concerning the cerebellar 
and vestibular systems producing a relatively con-
stant demand that results in an apparently predict-
able fall in performance. There were no significant 
differences in the relative decline in scores from the 
BOSU® challenge in the following group comparisons: 
offense versus defense, skilled versus non-skilled 
position players, upper-classmen versus junior play-
ers, athletes with a concussion history versus those 
without. Therefore, balance assessments as part of a 
challenge or dual task assessment methodology may 
have predictable changes in the performance param-
eter being studied. It should be noted that, although 
an increase in D2™ testing score from first attempt 

to second attempt is common, no significant learn-
ing effect is present with multiple trials on the D2™ 
system. McCormack et al. found that there is only 
limited learning effect in visual reaction time with 
consecutive D2 trials in athletes.28

Recently, the media has placed increasing attention on 
concussion rates, particularly sports-related concus-
sion.29 With an increasing number of concussions being 
reported by athletic and governmental agencies, con-
tact and collision sports are garnering negative media 
attention. This attention has put pressure on health 
care professionals to develop new tools for evaluation 
and treatment of concussion symptoms. To this date, 
to the author’s knowledge, no peer-reviewed research 
has been published that investigates the changes 
in balance performance with a simultaneous visual 
motor assessment. Additionally, no researchers have 
published normative data on the D2™ system coupled 
with balance tasks, although it is widely used in the 
neuromusculoskeletal rehabilitation and sports medi-
cine communities for assessment and rehabilitation.30

Despite the extensive use of the D2™ system for 
assessment and training, evidence for its use is largely 
anecdotal. Numerous anecdotal accounts state that 
regular training sessions on the D2™ can assist with 
sport performance (http://dynavisionD2™.com/). 
One published article describes improvements in 
baseball batting average following regular training 
on the D2™ system.31 Deveau et al showed similar 
improvements with video-game vision training.32

The current research utilized a normal, healthy popu-
lation of Division I caliber young athletes. A decrease 
in performance of approximately 10% was noted in 
the primary task (D2™ score) when a secondary, bal-
ance, task was added. There were no major loses 
of balance (necessitating upper extremity support) 
resulting in a fall from the BOSU® by any of the ath-
letes during testing. The results of this study are com-
parable to those of previously reported studies, where 
a decrement in performance is noted in healthy indi-
viduals when dual tasks are performed.19,22,24-26 Should 
an individual, post-concussion, have a baseline test 
with the BOSU® challenge and a known decrement 
in performance after concussion, that baseline may 
also help in managing that patient’s rehabilitation 
and making return to play decisions.
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Innumerable conscious and unconscious central 
nervous system (CNS) pathways contribute to the 
successful completion of an athlete’s performance; 
therefore, malfunction of any one of these path-
ways can lead to overall failure of the entire system. 
When one of the pathways that typically falls under 
unconscious control suddenly requires additional 
conscious perception, it will lead to slowed process-
ing of other consciously controlled tasks. The results 
of the current study illustrate that when an athlete is 
performing a visuomotor task while their balance is 
challenged (dual-task performance), the visuomotor 
processing speed measured with the D2™ tests slows 
significantly. The authors of the current research 
suggest that up to a 10% decline in D2™ scores after 
the addition of the BOSU® challenge is an acceptable 
change. While further research is needed, based on 
normal physiologic principals and previous balance 
testing research, one might presume even larger 
deficits to be noted with the D2™/BOSU® system fol-
lowing a concussive injury.

The RT is a task where the visual system is waiting 
to respond to a stimuli and uses one hand at a time 
to respond, whereas the A* uses both hands simul-
taneously and the athlete must scan the board and 
move their body in order to perform the task. The 
authors’ observed that the tasks (hitting buttons) 
were decreased by about 10% in both tasks with the 
BOSU® challenge. This suggests that the dual-tasking 
activity of balance caused a consistent fall in perfor-
mance despite the different demands required for 
the eye-hand performance task being accomplished. 
It was hypothesized that the added focus required for 
balance during the BOSU® challenge inhibited eye-
hand performance equally during the two tasks.

A decline in performance occurs because of dysfunc-
tion within the complex neurophysiologic systems 
involved in vision and balance. It has been described 
using animal models that the vestibular system of 
the inner ear and the connections of the cerebellum 
are two of the primary regulatory centers involved 
in coordination of smooth motor movements of both 
the visual and neuromuscular system.8,33 Both the 
vestibular and cerebellar systems receive input from 
sensory nerves monitoring the body’s various parts 
in space. The exact pathophysiologic mechanism of 
injury to these organs during traumatic brain injury 

has not been precisely defined but many theories, 
such as direct injury to the otolith organs of the inner 
ear, have been described.34 Because of the constant 
stream of information being monitored by these sys-
tems their regulation is typically under subconscious 
control. However, after the brain experiences an 
injury and is not functioning at full capacity, the bal-
ance system begins to require more conscious control 
in order to perform coordinated actions and main-
tain balance with normal movements. The increase 
in conscious control of balance subsequently slows 
down the performance of other central nervous sys-
tem tasks.

This study utilized D2™ A* and RT to establish a 
baseline for concussion assessment and manage-
ment. However, these two tests are unable to specifi-
cally assess balance and the vestibular systems of a 
patient suspected to have a concussion. The addition 
of the BOSU® ball introduces a balance aspect to the 
D2™ tests, as a kind of dual-task challenge. Therefore, 
future studies to assess whether and to what extent 
the D2™ scores are impacted with the BOSU® chal-
lenge in a concussed population should be pursued. 
A limitation of the current study is the inclusion of 
all football team members without regard for prior, 
undocumented, concussion history or lower extrem-
ity injury. Also, the survey to assess concussion was 
a self reporting survey and not confirmed by chart 
review. When the reported concussion history and 
non-concussion history groups were compared there 
were no differences seen. Future studies examining 
athletes from other sports and of varied ages are 
needed. Future studies with a D2™ and BOSU® set up 
might consider analysis of athletes with concussive 
symptoms or with orthopedic injuries. While these 
baseline data may be helpful in establishing norms 
and in future research, the authors acknowledge that 
the comparison of an individuals’ post-concussive 
data with their baseline data will be of greater assis-
tance with establishing return to play decisions.

CONCLUSION
Results from this study illustrate that the addition of 
a balance challenge to a visuomotor task produces 
a consistent and reproducible decrement in perfor-
mance of A* and RT scores in a population of col-
lege football players. With future research targeting 
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the use of this type of testing pre- and post-concus-
sion, the data from the current study may be used to 
assist the clinician in determining multi-task deficits 
following concussion and may assist in determining 
appropriate return-to-play decisions. Additionally, 
the use of a balance challenge (BOSU®) with a quan-
titative assessment tool such as the D2™ could be 
useful for assessing performance in subjects at risk 
of balance or vestibular deficiencies. 
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ABSTRACT
Purpose/Background: Division III (D III) collegiate coaches are challenged to assess athletic readiness and condition 
their athletes during the preseason. However, there are few reports on off-season training habits and normative data 
of functional assessment tests among D III athletes. The purpose of this study was to examine off-season training 
habits of D III athletes and their relationships to the standing long jump (SLJ) and single-leg hop (SLH) tests. 

Methods: One-hundred and ninety-three athletes (110 females, age 19.1 ± 1.1 y; 83 males, age 19.5 ± 1.3 y) were 
tested prior to the start of their sports seasons. Athletes reported their off-season training habits (weightlifting, cardio-
vascular exercise, plyometric exercise, and scrimmage) during the six weeks prior to the preseason. Athletes also per-
formed three maximal effort SLJs and three SLHs. 

Results: Male athletes reported training more hours per exercise category than their female counterparts. Mean SLJ 
distances (normalized to height) were 0.79 ± 0.10 for females and 0.94 ± 0.12 for males. Mean SLH distances for 
female athletes’ right and left limbs were 0.66 (± 0.10) and 0.65 (± 0.10), respectively. Mean SLH distances for male 
athletes’ right and left limbs were 0.75 (± 0.13) and 0.75 (± 0.12), respectively. Several significant differences between 
off-season training habits and functional test measures were found for both sexes: males [SLJ and weightlifting 
(p=0.04); SLH and weightlifting (p=0.04), plyometrics (p=0.05)]; females [SLJ and plyometrics (p=0.04); SLH and 
scrimmage (p=0.02)]. 

Conclusion: This study provides normative data for off-season training habits and preseason functional test mea-
sures in a D III athlete population. Greater SLJ and SLH measures were associated with increased time during off-
season training.

Clinical Relevance: The findings between functional tests and off-season training activities may be useful for sports 
medicine professionals and strength coaches when designing their preseason training programs. 

Level of Evidence: 4

Keywords: college, field test, functional test, single-leg hop, standing long jump 

I
J
S
P

T
ORIGINAL RESEARCH

OFFSEASON TRAINING HABITS AND PRESEASON 

FUNCTIONAL TEST MEASURES OF DIVISION III 

COLLEGIATE ATHLETES: A DESCRIPTIVE REPORT

Jason Brumitt, PT, PhD, ATC, CSCS1,2

Bryan C. Heiderscheit, PT, PhD3

Robert C. Manske, DPT, MEd, SCS, ATC4

Paul E. Niemuth, PT, DSc, OCS, ATC5

Mitchell J. Rauh, PT, PhD, MPH, FACSM6

 

1 George Fox University, Newberg, OR, USA
2 University of Medical Sciences Arizona, Avondale, AZ, USA
3 University of Wisconsin, Madison, WI, USA
4 Wichita State University, Wichita, KS, USA
5 St. Catherine University, Minneapolis, MN, USA
6 San Diego State University, San Diego, CA, USA

Grant Support: None

The Institutional Review Boards of Pacifi c University and 
Rocky Mountain University of Health Professions approved 
this study.

CORRESPONDING AUTHOR
Jason Brumitt, PT, PhD, ATC, CSCS
George Fox University 
Doctor of Physical Therapy Program
Newberg, OR, USA
University of Medical Sciences Arizona
Avondale, AZ, USA
E-mail: jbrumitt72@gmail.com
503-558-1323



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 448

INTRODUCTION
Many collegiate athletes train year round to maintain 
fitness and skills. However, NCAA rules define the 
quantity of allowed supervised practices (e.g. scrim-
mage, conditioning sessions) during the off-season, 
preseason, and regular season.1 Coaches at the Divi-
sion III (D III) level are especially challenged to assess 
and prepare their teams prior to the start of competi-
tion, due to 1) frequent inability to afford “high tech”, 
expensive testing equipment available at Division I 
(D I) universities, 2) possible inability to employ a 
dedicated strength and conditioning coach/staff, and 
3) the limitations of approximately two and one-half 
weeks of sanctioned practice prior to the first com-
petition (e.g. sports other than football).1 Therefore, 
some collegiate coaches conduct functional tests 
during the preseason to assess aspects of an athlete’s 
baseline fitness level.2-6 The results from these tests 
are used to assess athletic readiness and evaluate the 
effectiveness of a team’s training programs.3,7-10 

There is limited literature related to off-season train-
ing habits and functional measures in the D III 
population. Schmidt presented preseason physical 
characteristics, upper- and lower-body power and 
strength measures, flexibility, muscular endurance, 
and speed endurance measures for 78 D III football 
players with data presented by position.11 Schmidt 
identified significant differences in hip sled, seated 
medicine ball put, and bench press performances in 
starters versus non-starters.11 Hoffman et al5 assessed 
preseason anthropometric measures, aerobic fitness, 
anaerobic power, strength, speed, and agility in 22 D 
III female lacrosse players.5 They found that defend-
ers were significantly stronger with the 1RM squat 
than midfielders and that attackers had significantly 
greater Wingate anaerobic power test measures than 
other positions.5 Barnes et al2 compared mean pre-
season performances of a countermovement verti-
cal jump (CMVJ) and a drop jump test in Division 
I, II, and III collegiate female volleyball athletes. D 
I female athletes jumped significantly (p < 0.05) 
higher during the CMVJ than their D III counter-
parts.2 In sum, studies of baseline fitness levels and 
athletic readiness in D III athletes have only been 
described for a few athletic populations.

Several limitations of the aforementioned studies are 
that they have been confined to a few select sports 

and have used measures that may be time and cost 
intensive. Thus, there is a need to collect additional 
measures of athletic fitness and readiness of D III ath-
letes from multiple sports with inexpensive, quick-
to-perform, and easy-to-administer functional tests 
at the start of the preseason. Additionally, the rela-
tionship between an athlete’s preseason performance 
and his/her off-season training habits has not been 
reported. Knowledge of athletes’ off-season training 
habits may help D III coaches design and implement 
conditioning programs at the start of the preseason. 

The purpose of this study was to describe off-season 
training habits of D III athletes via questionnaire, 
measure preseason performance of the standing long 
jump (SLJ) and the single-leg hop (SLH) for distance 
functional tests, and examine relationships between 
training habits and preseason athletic characteristics 
in D III athletes. The authors hypothesized that ath-
letes who reported greater levels off-season training 
would jump and hop significantly farther than those 
who reported less time training.

METHODS
Subjects were recruited to participate in the pre-
season of their respective sport. One-hundred and 
ninety-three D III collegiate athletes (110 females, 
mean age 19.1 ± 1.1 y; 83 males, mean age 19.5 ± 
1.3 y) from 15 university teams (volleyball, wres-
tling, women’s lacrosse, baseball, softball; women’s 
and men’s tennis, track and field, cross-country, 
soccer, and basketball) participated in this study. 
An athlete was excluded from testing if she/he was 
under the age of 18 or was currently restricted from 
full sport participation by the team physician. The 
Institutional Review Boards of Rocky Mountain Uni-
versity of Health Professions and Pacific University 
approved this study. Signed informed consent was 
received from each subject prior to testing.

Procedures
Study Questionnaire. Prior to the start of the season, 
each athlete completed a questionnaire collecting 
demographic information including age, years at 
university, age starting their sport, and average time 
spent training per week during the six weeks prior 
to the start of the preseason (e.g. sanctioned prac-
tice) for each of the following activities: weightlift-
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ing, cardiovascular exercises, plyometric exercises, 
and scrimmages. 

Height and weight. Subject’s height (cloth tape) and 
weight without shoes (standard medical scale) were 
recorded for each participant. Height was measured 
to the nearest half inch and weight recorded to the 
nearest half pound. 

Dynamic Warm-Up. After completing the study ques-
tionnaire and collecting anthropometric measures, 
each subject completed a dynamic warm-up prior 
to performing the functional tests. The dynamic 
warm-up consisted of 5 to 10 minutes of active lower 
extremity movements from sideline to sideline on 
a basketball court or across the width of the tennis 
court for the tennis players. This warm-up included 
forward walking, backward walking, heel walking, 
tip toe walking, forward lunging, backward lunging, 
and high knee marching. 

Standing Long Jump Testing Protocol. Athletes were 
instructed to stand with feet approximately shoulder 
width apart behind a line (piece of tape) on the court. 
A cloth measuring tape was oriented perpendicular 
to the start line and taped to the floor. The athlete 
was instructed to perform 3 submaximal counter-
movement SLJs with hands behind her/his back, 
followed by 3 jumps performed with hands clasped 
behind the back at maximal effort. An athlete had to 
land on both legs under control (maintaining center 
of mass within her/his base of support) holding this 
position for 5 seconds for a jump to be recorded.12 
If an athlete was unable to land successfully (e.g. 
loss of balance), the trial was repeated. The distance 
jumped was measured from starting line to the rear-
most heel with mean of the three jumps (± SD) 
scores utilized for data analyses.

Single-Leg Hop for Distance Testing Protocol. The six 
SLH (3 for each lower extremity) for distance tests 
were performed after the athlete completed three 
maximal effort SLJ tests. The SLH for distance test 
was also performed with hands clasped behind the 
athlete’s back. For a test to be recorded an athlete 
would have to stick the landing (take-off and land 
with the same lower extremity) holding the posi-
tion for 5 seconds.12 If an athlete was unable to land 
successfully the SLH was repeated. The distance 
hopped was measured from the starting line to the 

heel with mean of the three hops on each leg (± SD) 
scores utilized for data analyses. 

Statistical Methods
Means (± SD) were calculated for the subjects’ base-
line demographic characteristics, anthropometric 
measures, and SLJ and SLH scores. Mean SLJ and 
SLH scores were normalized as a percentage of body 
height. Comparison of means between genders for 
demographic characteristics and SLJ and SLH scores 
were calculated by performing independent t-tests. 
Height, weight, and body mass index (BMI) were 
categorized as (-1 SD [shortest, lightest, or lowest]/
Mean [average]/+1 SD [tallest, heaviest, or high-
est]). Each of off-season training habits were catego-
rized by the following groups: 0-1 / >1-3 / >3-5 />5 
hours per week. Analysis of variance (ANOVA) was 
performed to assess mean differences within gender 
for preseason training habits, height, weight, and 
BMI. A post-hoc Bonferroni test was performed after 
ANOVA to identify significant differences between 
subcategories within a group. Analysis of covariance 
(ANCOVA) was performed when necessary to control 
for weight or BMI. An a priori test-retest reliability 
for the SLJ and SLH was performed using intraclass 
correlation coefficients (ICCs). Data analysis was 
performed using SPSS Statistics 17 (Chicago, IL) with 
alpha level set at 0.05.

RESULTS
Baseline characteristics of the study sample are pre-
sented in Table 1. Men spent a higher average num-
ber of hours per week weightlifting (p ≤ 0.0001) and 
scrimmaging (p = 0.01) than women during the six 
weeks prior to the start of their sports season. 

Table 2 presents normalized SLJ mean (± SD) dis-
tances by age and anthropometric measures (catego-
rized by ± 1 SD) for each sex. The test-retest reliability 
(ICC3,3) for the SLJ was 0.96 (95% CI: 0.83, 0.97). On 
average, men jumped significantly farther (0.94 ± 
0.12) than female athletes (0.79 ± 0.10) (p ≤ 0.0001). 
After controlling for BMI (ANCOVA), SLJ distance 
jumped was still significantly greater among male 
athletes than female athletes (p ≤ 0.0001). There was 
no difference in distanced jumped with age as a fac-
tor for female or male athletes. A significant differ-
ence was observed between SLJ distance based on 
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women’s weight (p = 0.05); however, no significant 
within group differences were found after Bonfer-
roni correction. Male athletes in the shortest height 
(1.69 m or less) group jumped significantly farther 

on average than those in the tallest height (1.91 m 
or more) group when jump distance was normalized 
for height (p = 0.04). Finally, male SLJ distances 
differed between the BMI categories (p = 0.03); 

Table 1. Baseline Characteristics (Mean ± SD) of Division III Collegiate Athletes

Characteristic Total (n = 193) Women (n = 110) Men (n = 83) p-value*
Age (y) 19.3 ± 1.2 19.1 ± 1.1 19.5 ± 1.3 0.05
Years in School   2.2 ± 1.1   2.1 ± 1.0   2.2 ± 1.1 0.40
Age Starting Sport (y) 10.8 ± 3.6 11.0 ± 3.7 10.4 ± 3.6 0.23

Preseason Training (hr/wk)

Weightlifting   3.8 ± 3.3   3.0 ± 2.1   4.9 ± 4.0 ≤0.0001
Cardiovascular 
Exercise  

  5.5 ± 3.8   5.2 ± 3.5   6.2 ± 4.1 0.07

Plyometric 
Exercise  

  2.1 ± 2.2   2.0 ± 1.9   2.5 ± 2.6 0.12

Scrimmage   3.9 ± 4.1   3.3 ± 3.5   4.8 ± 4.4 0.01

Height (m)   1.72 ± 0.1   1.66 ± 0.1   1.80 ± 0.1 ≤0.0001
Weight (kg) 70.5 ± 13.9 64.2 ± 9.1 79.8 ± 14.4 ≤0.0001
BMI (kg/m2) 23.8 ± 3.3 23.3 ± 3.1 24.6 ± 3.3 0.005
*Independent t-tests; women vs. men. 
SD= standard deviation; BMI= Body mass index. 

Table 2. Normalized Standing Long Jump Mean (± SD) Distances By Age and 
Anthropometric Measures for Division III Athletes

Variable

Women
(n = 110) 
N    Mean ± SD p-value*

Men
(n = 83) 
N    Mean ± SD p-value*

)y(egA
18 
19 
20 
21 and older 
Totals 

39      0.78  ± 0.11 
34      0.79  ± 0.10 
24      0.79  ± 0.09 
13      0.79  ± 0.09 
110    0.79  ± 0.10 

0.97 24     0.97  ± 0.12 
21     0.94  ± 0.11 
20     0.89  ± 0.10 
18     0.98  ± 0.12 
83     0.94  ± 0.12 

0.07 

)m(thgieH
Shortest (-1 SD) 18     0.79  ± 0.09 0.07 15      0.99  ± 0.12† 0.04 
Average 80     0.80  ± 0.10  54      0.95  ± 0.11  
Tallest (+1 SD) 12     0.73  ± 0.10  14      0.88  ± 0.12†

)gk(thgieW
Lightest (-1 SD) 17     0.76  ± 0.08 0.05 12      0.95  ± 0.11 0.23 
Average 80     0.80  ± 0.10  63      0.95  ± 0.12  
Heaviest (+1 SD) 13     0.74  ± 0.10  8        0.88  ± 0.12  

IMB
Lowest (-1 SD) 17     0.76  ± 0.10 0.31 8        0.92  ± 0.10 0.03 
Average 77     0.80  ± 0.10  67      0.96  ± 0.12  
Highest (+1 SD) 16     0.78  ± 0.09  8        0.86  ± 0.09  

*ANOVA= Analysis of Variance; SD= standard deviation; BMI= Body mass index. 
Difference between -1 SD below mean range and +1 SD above mean range; 
p-value= 0.03 post-hoc. 

†
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however, after Bonferroni correction there were no 
within group differences. 

Mean distance jumped by reported off-season training 
habits are presented in Table 3. Women who reported 
performing greater than one and up to three hours per 
week of plyometric exercises jumped significantly fur-
ther (p = 0.02) on average than those who performed 
one hour or less per week. While a significant mean 
difference (p = 0.01) in distance jumped by females in 
the scrimmage exercise category was also observed; no 
significant within group differences in SLJ distances 
by scrimmage hour categories were found. Men who 
reported weightlifting greater than five hours per week 
jumped significantly farther on average than those 
who reported weightlifting between greater than 1 
and up to 3 hours per week (p = 0.04). 

Normalized SLH distances per age group and anthro-
pometric measures are shown in Table 4. The test-
retest reliability (ICC3,3) for SLH distances were 0.95 
(95% CI: 0.89, 0.98) on the right and 0.96 (95% CI: 
0.89, 0.98) on the left. Mean normalized SLH dis-
tances for female athletes were 0.66 (± 0.10) for the 
right leg and 0.65 (± 0.10) on the left leg. Mean SLH 
distances for male athletes were 0.75 (± 0.13) for 
the right leg and 0.75 (± 0.12) on the left leg. Male 
SLH distances were significantly greater for each leg 
than their female counterparts (p ≤ 0.0001). There 
was no within group differences between SLH dis-
tances and age category per gender. Female athletes 
in the mean height range hopped significantly fur-
ther with the left leg than the tallest female ath-
letes (p = 0.02). Female athletes in the mean BMI 
range also hopped significantly further with each leg 

Table 3. Normalized Standing Long Jump Mean (± SD) Distances by Off-Season 
Training Habits of Division III Athletes
 Women 

(n = 110) 
 Men 

(n = 83) 
Variable N    Mean ± SD p-value*  N   Mean ± SD  p-value* 
Off-Season 
Training 
(hr/wk)

Weightlifting 
0-1
>1 – 3
>3 – 5
>5 

31      0.77 ± 0.10 
38      0.79 ± 0.10 
28      0.80 ± 0.12 
13      0.80 ± 0.09 

0.50 10    0.92  ± 0.12 
23    0.90  ± 0.12‡

23    0.94  ± 0.12 
27    0.99  ± 0.10‡

0.04 

Cardiovascular 
Exercise

0-1
>1 – 3
>3 – 5
>5

6        0.83 ± 0.06 
30      0.77 ± 0.11  
35      0.79 ± 0.10 
39      0.79 ± 0.09 

0.53 10    1.00  ± 0.12 
15    0.91  ± 0.09 
13    1.00  ± 0.12 
45    0.93  ± 0.12  

0.10 

Plyometric Exercise
0-1
>1 – 3
>3 – 5
>5

48     0.76 ± 0.09†

47     0.82 ± 0.11†

9       0.79 ± 0.10   
6       0.82 ± 0.08 

0.02 38    0.95  ± 0.12 
23    0.93  ± 0.11 
11    0.93  ± 0.13 
11    0.97  ± 0.11 

0.86 

Scrimmage 
0-1
>1 – 3
>3 – 5
>5

40     0.77 ± 0.08 
26     0.83 ± 0.11 
22     0.76 ± 0.10 
22     0.82 ± 0.09 

0.01 24    0.95  ±  0.09 
14    0.91  ±  0.12 
13    0.93  ±  0.12 
32    0.96  ±  0.13  

0.58 

*ANOVA=Analysis of Variance 
Difference between 0-1 hrs/wk and >1-3 hrs/wk; p-value= 0.01 post-hoc 
 Difference between >1-3 hrs/wk and >5 hrs/wk; p-value= 0.04 post-hoc 

†
‡
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(right: p = 0.03; left: p = 0.02) than female athletes 
in the highest BMI range. A significant group differ-
ence in mean distance hopped by males in the BMI 
categories (right leg: p = 0.05) occurred; however, 
after post-hoc correction there were no intragroup 
differences between BMI categories. 

Mean distance hopped by reported preseason train-
ing habits is presented in Table 5. Women who 
reported scrimmaging more than 1 hour and up to 3 
hours a week jumped significantly further with the 
left leg (p = 0.02) than those who scrimmaged less 
than 1 hour a week. Male athletes who reported per-
forming more than 5 hours of plyometric exercise a 
week hopped significantly farther on average with 
their left leg (p = 0.05) than males who reported 
more than 1 hour and up to 3 hours of plyometrics 
each week. Male athletes who also performed more 
than 5 hours of weightlifting each week hopped sig-
nificantly farther (p = 0.04) with their right leg com-
pared to male athletes who reported more than 1 
and up to 3 hours of weightlifting per week.

DISCUSSION
This is the first study to report off-season training 
habits 6 weeks prior to formal preseason training 
and preseason measures of the SLJ and SLH func-
tional tests for D III collegiate athletes. Male athletes 
reported exercising more during the off-season than 
their female counterparts. While total time spent 
exercising did not describe the quantity (e.g. total 
sets and repetitions, intensity) or the quality of the 
exercise performed these data provided insight as to 
off-season training habits in this population. 

A novel feature of this study was the analysis of the 
differences between off-season training habits and 
preseason functional measures. Several significant 
associations between jump (SLJ) and hop (SLH) dis-
tance and reported off-season training habits were 
found. In each instance where a significant differ-
ence in jump or hop distance as a factor of off-sea-
son training habits occurred, greater reported time 
devoted to training was observed. While the study’s 
methodology did not allow for the examination of 

Table 4. Normalized Single-Leg Hop Mean (± SD) Distances Per Age and Anthropometric Measures for Division III Athletes

Variable
 Females 

Mean ± SD p-value*
Males

Mean ±SD p-value*
 N (R) (L)  N (R) (L)  
Age         

18 39       0.66 ± 0.10      0.65 ± 0.11 (R) 0.84 24 0.74 ± 0.15     0.76 ± 0.14 (R) 0.11 
19 34  0.65 ± 0.09      0.64 ± 0.09 (L) 0.68 21 0.77 ± 0.15     0.75 ± 0.13 (L) 0.16 
20 24     0.67 ± 0.11      0.67 ± 0.11  20    0.71 ± 0.07     0.71 ± 0.09  
21 and older 13    0.64 ± 0.14      0.63 ± 0.13  18       0.81 ± 0.10     0.80 ± 0.09  
Totals 110 0.66 ± 0.10      0.65 ± 0.10  83     0.75 ± 0.13     0.75 ± 0.12  

Height (m)         
  Shortest (-1 SD) 18 0.64 ± 0.10      0.65 ± 0.10 (R) 0.05 15    0.79 ± 0.14   0.79 ± 0.11 (R) 0.28 
  Average 80  0.67 ± 0.10      0.66 ± 0.10†† (L) 0.02 54     0.76 ± 0.13     0.75 ± 0.12 (L) 0.48 
  Tallest (+1 SD) 12             0.60 ± 0.10      0.57 ± 0.10††  14   0.71 ± 0.10     0.74 ± 0.11

Weight (kg)         
  Lightest (-1 SD) 17         0.66 ± 0.10      0.65 ± 0.10 (R) 0.07 12       0.78 ± 0.14    0.77 ± 0.11 (R) 0.26 
  Average 80       0.67 ± 0.10      0.66 ± 0.10 (L) 0.06 63       0.76 ± 0.13     0.76 ± 0.12 (L) 0.50 
  Heaviest (+1 SD) 13     0.60 ± 0.11    0.58 ± 0.12  8          0.69 ± 0.10     0.72 ± 0.09  

BMI         
  Lowest (-1 SD) 17      0.64 ± 0.11      0.61 ± 0.10 (R) 0.03 8          0.70 ± 0.16     0.72 ± 0.12 (R) 0.05 
  Average 77     0.67 ± 0.09†     0.67 ± 0.10‡ (L) 0.02 67    0.77 ± 0.12     0.77 ± 0.12 (L) 0.08 
  Highest (+1 SD) 16     0.60 ± 0.12†     0.60 ± 0.11‡  8      0.67 ± 0.06     0.68 ± 0.05

*ANOVA= Analysis of Variance; SD= Standard Deviation 
 Difference between Mean and +1 SD; p= 0.03 post-hoc 
 Difference between Mean and +1 SD; p= 0.05 post-hoc 
 Difference between Mean and +1 SD; p= 0.02 post-hoc 

†

‡

††
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a causal relationship between the off-season train-
ing methods and increased distance reached, these 
exploratory findings might help guide coaches and 
sports medicine professionals when designing train-
ing programs for D III athletes. 

Few studies have reported normative values for the 
SLJ and SLH in collegiate or other sport populations. 
Thus, the current data may be beneficial to coaches 
and sports medicine professionals when evaluating 
their athletes/patients or making comparisons to 
other populations. Previously reported non-normal-
ized SLJ mean distances in male populations range 
from 2.01 m (adolescent male athletes) to 3.05 m (± 
0.15) (NFL drafted skill players), whereas we observed 
male D III athletes jumped a mean distance of 1.69 m 
(± 0.20) (not normalized to height).13-16 The observed 
mean SLJ distance of 1.31 m (± 0.17) (not normalized 

to height) in our collegiate D III female population was 
also less than those reported in prior studies: 1.59 m 
(adolescent female athletes) to 2.28 m (± 0.16) (Divi-
sion I track and field athletes)13,14 The mean (not nor-
malized) hop distance for females in this study [right 
LE = 1.09 m (± 0.17); left LE = 1.07 m (± 0.17)] was 
lower than previously reported values from 1.14 m (± 
19.3) to 1.23 m (± 19.5).17,18 The mean (not normal-
ized) hop distances for males in this study [right LE = 
1.35 (± 0.22); left LE = 1.35 (± 0.22)] were also lower 
than previously reported values from 1.43 m (± 27) 
to 2.04 m (± 14.9).18,19 A potential explanation for the 
difference in means between the D III athlete popula-
tion in the current study and prior studies may be the 
difference in testing procedures. In this study, athletes 
were restricted from performing a countermovement 
arm swing prior to jumping (hands clasped behind 
back consistent with clinical testing recommenda-

Table 5. Normalized Single-Leg Hop Mean (± SD) Distances Per Age and Anthropometric Measures for Division III Athletes

Variable
 Females 

Mean ± SD p-value*
Males

Mean ± SD p-value*
Off-Season 
Training  
(hr/wk) 

)L()R(N)L()R(N

gnitfilthgieW
0-1 31 0.65 ± 0.10 0.63 ± 0.10 (R) 0.90 10 0.75 ± 0.14 0.77 ± 0.11 (R) 0.04
>1-3 38 0.66 ± 0.08 0.66 ± 0.09 (L) 0.72 23 0.71 ± 0.15†† 0.71 ± 0.11 (L) 0.16

21.0±67.001.0±57.03221.0±66.021.0±66.0825-3>
7221.0±56.001.0±76.0315> 0.81 ± 0.10†† 0.78 ± 0.12 

Cardiovascular 
Exercise 

0-1 6 0.65 ± 0.12 0.65 ± 0.09 (R) 0.71 10 0.82 ± 0.12 0.81 ± 0.12 (R) 0.10
>1-3 30 0.64 ± 0.10 0.64 ± 0.12 (L) 0.96 15 0.72 ± 0.13 0.72 ± 0.11 (L) 0.07

90.0±08.080.0±08.03111.0±56.011.0±76.0535-3>
21.0±47.031.0±47.05401.0±56.090.0±66.0935>

Plyometric 
Exercise 

0-1 48 0.65 ± 0.09 0.63 ± 0.09 (R) 0.60 38 0.76 ± 0.11 0.76 ± 0.10 (R) 0.08
>1-3 47 0.67 ± 0.10 0.67 ± 0.11 (L) 0.37 23 0.71 ± 0.15 0.71 ± 0.13‡ (L) 0.05

01.0±57.011.0±57.01111.0±36.031.0±56.095-3>
11.0±38.01101.0±76.031.0±86.065> 0.83 ± 0.11‡

egammircS
0-1 40 0.64 ± 0.09 0.62 ± 0.09† (R) 0.21 24 0.76 ± 0.10 0.74 ± 0.09 (R) 0.63
>1-3 26 0.69 ± 0.09 0.70 ± 0.10† (L) 0.02 14 0.72 ± 0.13 0.70 ± 0.12 (L) 0.06

31.0±37.011.0±47.03111.0±26.021.0±46.0225-3>
21.0±08.051.0±77.02301.0±66.001.0±76.0225>

*ANOVA= Analysis of Variance 
Difference between 0-1 hrs/wk and >1-3 hrs/wk; p-value= 0.03 post hoc. 
Difference between >1-3 hrs/wk and 5+ hrs/wk; p-value= 0.03 post hoc.   
Difference between >1-3 hrs/wk and 5+ hrs/wk; p-value= 0.04 post hoc.‡

††

†
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tions).12 Ashby et al20 reported subjects who are able 
to swing their arms when performing the SLJ were 
able to jump 21% farther than when arm motion was 
restricted [SLJ with arm swing = 2.09 m (± 0.03); SLJ 
without arm swing = 1.72 m (± 0.03)]. 

The descriptive data presented in the current study 
may also be useful for sports medicine profession-
als when assessing their injured athlete’s readiness 
to return to sport after injury.12 The SLJ and SLH 
tests are frequently used to assess lower extremity 
strength and power after injury.12,21 Male athletes 
have been recommended to be able to jump (SLJ) 
at least 90% of their height and hop (SLH) at least 
80% of their height (each test with hands clasped 
behind back) in order to be cleared to return.12,21 In 
the current study, males, on average, jumped 94% 
of their height; however, they only hopped 75% of 
their height. Likewise, female athletes are recom-
mended to be able to jump (SLJ) at least 80% of their 
height and hop (SLH) at least 70% of their height in 
order to be cleared to return.12,21 In the current study, 
females, on average, jumped only 79% of their height 
and hopped only 65-66% of their height.12,21 Inter-
estingly, in the current study sample, many of the 
healthy, D III athletes failed to achieve jump or hop 
minimal distances recommended for injured athletes 
prior to returning to sport. Thus, future research is 
warranted to determine if the aforementioned func-
tional testing discharge criteria are appropriate for 
this population prior to resuming sport.

This study included some important strengths. First, 
this study has presented data on one of the largest 
samples of D III collegiate student-athletes. One hun-
dred and ninety-three athletes (females = 110) from 
15 teams were tested. Second, the off-season train-
ing habit data was collected by an author who was 
not a member of any coaching staff. This indepen-
dence may have increased the likelihood of athletes 
accurately reporting their training habits during the 
six weeks prior to the start of the preseason. Third, 
the functional tests assessed in this study, the SLJ 
and the SLH, were selected for their ease of use and 
their ability to assess lower extremity strength and 
power.21 The SLJ and the SLH are also utilized fre-
quently by rehabilitation professionals to guide deci-
sion making as to whether an athlete is able to return 
to sport.12,18,21,22 These tests have also been used to 

assess athletic readiness and thus warrant assess-
ment for associations with training habits.21 

A few limitations of this study are recognized. First, 
the data presented here provides preseason func-
tional performance measures for 193 D III athletes 
from several teams; however, specific analysis by 
sport is not possible at this time because some sports 
were represented by small sample sizes. This did 
not allow for specific subanalyses by specific sports. 
Future research should collect preseason training 
habits and functional measures for individual sport 
teams with larger sample sizes. Second, similarly, 
although statistically significant findings between 
off-season training practices were described by gen-
der, the authors advise caution when interpreting the 
clinical significance of these findings, as some group 
sizes were small with wide standard deviations. 
Third, not all athletes at the university were tested. 
Some athletes had sustained an injury prior to test-
ing (either during the off-season or during preseason 
prior to data collection) that impaired their ability to 
perform the tests. It is possible that injured athletes, 
who were unable to participate in testing, would have 
started the season with decreased strength or side-to-
side differences in SLH measures.23 Characteristics 
of injured athletes who were not assessed may have 
changed overall mean scores. A fourth limitation of 
this study is that the associations between preseason 
training habits and functional measures do not sug-
gest a cause-and-effect relationship. To establish a 
cause-and-effect relationship, researchers would 
need to test the athletes prior to a training program 
intervention (e.g. plyometric training program or 
weight training program) followed by repeating the 
SLJ and SLH tests post-intervention. A final limi-
tation is that the athletes were asked to self-report 
their time spent training during the prior six weeks. 
It is possible that this method of ascertaining their 
activities may have led to some recall bias. Future 
studies may want to have the athletes record their 
off-season training activities prospectively.

CONCLUSION
This study investigated the relationship between off-
season training habits and preseason SLJ and SLH 
functional test measures in a general D III collegiate 
athlete population. The study indicates that greater 
SLJ and SLH measures may be associated with 
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increased time during off-season training. These 
findings present data that may be useful for coaches 
to assess and prepare their athletes at the start of the 
preseason. D III coaches are limited in the amount 
of sanctioned training time and may be limited in 
available resources (e.g. staff, equipment). Appre-
ciating off-season training habits and utilizing nor-
mative data that has been described for the SLJ and 
SLH functional tests may help D III coaches assess 
athletic readiness and develop training programs for 
their athletes. In addition, the descriptive functional 
test data may help guide clinical decision making for 
sports medicine professionals when assessing return 
to play status of an injured D III athlete.
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ABSTRACT
Study Design: Controlled laboratory study. 

Background and Purpose: Anterior knee pain is one of the most common running symptoms reported in the literature. While the 
exact etiology is unknown, a lack of hip strength is suggested to contribute to abnormal running mechanics. The purpose of this 
research study was to evaluate the association between isokinetic hip strength and 3-D running kinematics. 

Methods: 33 male high school and collegiate cross country runners participated in this study. Peak isokinetic hip abductor and hip 
extensor strength were assessed. Each subject also completed a treadmill running protocol at a self-selected speed (mean = 3.8 m/s). 
3-D kinematic data were collected at 240 Hz using a 10-camera motion capture system. Pearson correlation coefficients were used 
to determine the relationship between hip strength and hip range of motion (ROM) during the stance phase of running (p<0.05). 

Results: Peak isokinetic hip extensor torque was inversely correlated with transverse plane hip ROM (r = -.387, p = .026) but was 
not significantly related to sagittal plane hip ROM or frontal plane hip ROM. Peak isokinetic hip abductor torque was inversely cor-
related with frontal plane hip ROM (r=-.462, p=.008) but was not significantly related to either sagittal plane hip ROM or trans-
verse plane hip ROM. Peak isokinetic hip extensor torque and peak isokinetic hip abductor torque were not significantly related to 
knee kinematics in any plane.

Conclusions: Peak isokinetic hip extensor torque and peak isokinetic hip abductor torque are associated with transverse plane and 
frontal plane hip kinematics, but not knee kinematics. 

Keywords: cross country, hip strength, isokinetic testing, running biomechanics.

Levels of Evidence: Level 3b
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INTRODUCTION
Running continues to grow in popularity among 
high school and collegiate athletes. Data from the 
National Federation of High Schools reports that 
451,601 young athletes participated in cross-country 
during 2010-2011, reflecting a 24% increase in par-
ticipants since 2003-2004.1 Concomitant with the 
increased participation, associated increases in run-
ning injuries are common. While injury rates vary, 
the annual incidence of injury among high school 
cross-country runners can be as high as 17 per 1000 
athletic exposures.2 

Anterior knee pain is the most prevalent of all run-
ning injuries.3,4 While the exact etiology of ante-
rior knee pain in runners is unknown, reduced hip 
strength is suggested to contribute to abnormal run-
ning mechanics.5-7 An inability to stabilize the hip 
during the stance phase of running likely increases 
the dynamic Q-angle, or dynamic lower extremity 
genu valgum, resulting in aberrant patellofemoral 
contact pressures.8 Multiple investigators have retro-
spectively demonstrated that a lack of adequate hip 
strength is associated with patellofemoral pain syn-
drome (PFPS), particularly in females.6,9-16 However, 
the association between impaired hip strength and 
PFPS in males has been less extensively studied.17

Investigations that evaluated the efficacy of impro-
ved strength on functional movement patterns in 
injured and uninjured subjects provide equivocal 
evidence. While enhanced hip strength has not been 
demonstrated to lead to improved running mechanics 
in adult runners with PFPS,18,19 improved kinematics 
have been reported in uninjured adult runners fol-
lowing a hip strengthening protocol.19,20 In uninjured 
female subjects who underwent combined neuro-
muscular training and strength training, strength 
improvements were associated with improvements 
in knee biomechanics. However, due to mixed meth-
ods study design whereby subjects underwent both 
neuromuscular reeducation and strength training 
it cannot be definitively stated that improved bio-
mechanics were due to improvements in strength 
alone.21-23 In uninjured adult male subjects, both 
open and closed kinematic chain strengthening 
enhanced strength and led to kinematic and kinetic 
improvements in a running and cutting maneuver 
task.24 While the majority of these studies have been 

in adults, few, if any studies exist establishing the 
association between hip muscle strength and lower 
extremity function in competitive, adolescent and 
young adult male long-distance runners. 

The majority of literature that has documented the 
association between hip weakness and PFPS has uti-
lized isometric dynamometry.10,12,13,15,16,25 A potential 
limitation of this method is the inability to assess 
muscular strength and function throughout a range 
of motion. This may limit the generalizability of the 
measure to functional tasks such as running. Recently, 
several authors have undertaken isokinetic testing of 
the hip musculature in an attempt to address these 
instrumentation limitations.5,6,9 Potential limitations 
of these methods include non-functional test posi-
tions, limited test speeds, and reduced arcs of motion. 
Therefore, identification of instruments that accu-
rately quantify hip strength in a more functional posi-
tion, at higher testing speeds, and through a larger 
functional range of motion may provide more clini-
cally relevant information in the assessment of risk 
for future running injuries. 

The purpose of this research study was to evaluate 
the association between isokinetic hip strength and 
3-D running kinematics. The authors hypothesized 
that increased hip strength would be associated with 
decreased frontal and transverse plane hip motion 
during running in competitive male high school 
and collegiate long-distance runners. Further, it was 
hypothesized that increased hip strength would be 
associated with reduced frontal and transverse plane 
motion at the knee joint.

METHODS

Participants and Setting
Running kinematics and peak concentric isokinetic 
hip abductor and extensor strength were assessed at 
120 deg/sec on 33 uninjured male high school and 
collegiate cross country runners (Mean Age 18.3 +/- 
1.9 yrs; Height: 176.9 +/- 6.3 cm; Mass 61.6 +/- 5.0 
kg) using an isokinetic dynamometer (Biodex Medi-
cal Systems Inc, Shirley, NY). Testing was performed 
in a laboratory setting. To be considered for the study 
subjects needed to be male, actively participating 
in either high school or collegiate cross country, 
free from any lower extremity injury for at least 6 
months prior to the study, report running at least 20 
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km per week, and be free from any cardiovascular 
or neurological condition that would preclude safe 
treadmill running. The Institutional Review Board 
at Cincinnati Children’s Hospital Medical Center 
approved the study protocol and the rights of the 
subjects were protected throughout the study.

Hip Isokinetic Testing Protocol
Concentric isokinetic hip abduction strength was 
measured for each subject using a protocol previ-
ously described by Brent and colleagues26 (Figure 1) 
and torques were normalized to the subject’s body 

mass. The subject was instructed to stand facing the 
dynamometer head. The subjects were secured with 
a strap that originated from the stationary platform 
on the uninvolved side and extended around the sub-
ject’s waist above the iliac crest. The dynamometer 
head was aligned in parallel with the frontal plane of 
the body with the axis of rotation of the dynamome-
ter aligned with the center of rotation of the hip. The 
test limb was secured to the attachment arm with a 
custom strap and resistance pad extending from the 
attachment arm positioned immediately superior to 
the knee. The subjects were instructed to grasp the 
top of the dynamometer head for support to mini-
mize movement of the torso. The dynamometer was 
programmed to go through the subject’s full available 
active hip abduction ROM, approximately 0�-45�.

Concentric isokinetic hip extension strength was mea-
sured for each subject using a novel testing design 
(Figure 2) and torque outputs were normalized to the 
subject’s body mass. The subjects were instructed to 

Figure 1. Method for Measuring Concentric Hip Abduction 
Isokinetic Peak Torque. (a) Anterior view of hip abduction set-
up. (b) Lateral view of hip abduction set-up.

Figure 2. Method for Measuring Concentric Hip Extension 
Isokinetic Peak Torque.
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stand facing the chair of the isokinetic machine and 
to place hands on both sides of the back of the seat. 
The subjects’ arms were positioned at approximately 
90 degrees of shoulder flexion. Using a large goniom-
eter (Patterson Medical, Bolingbrook, IL), the subject 
was placed in approximately 10 degrees of trunk flex-
ion. In order for the subject to attain the trunk flexion 
position, a custom triangular plastic wedge (Foam ‘N 
More, Inc., Clawson, MI) was placed between the sub-
ject’s body and the seat-back with additional wedges 
used as needed for taller subjects. In order to mini-
mize excessive trunk motion, the subject’s trunk and 
pelvis were secured to the triangular plastic wedge 
using straps secured to the seat back of the dynamom-
eter. The dynamometer head was aligned in parallel 
with the center of rotation of the hip at the subject’s 
greater trochanter. The thigh pad of the moving arm 
was placed just superior to the popliteal space on the 
testing limb and was secured anteriorly around the 
thigh. The heel of the subject’s stance limb rested on 
a half foam roll while the subject’s tested limb was 
flexed approximately 90 degrees at the knee. The 
dynamometer was programmed to move into an arc 
of approximately 30 degrees of hip extension from 
the patient’s resting hip position, which equated to an 
arc of motion from approximately 25� of hip flexion to 
approximately 5� of hip extension.

Prior to testing, all subjects were provided detailed 
instructions of each testing protocol. Each subject 
was provided 5 submaximal practice repetitions on 
each limb for each test condition. Five maximal rep-
etitions for hip extension and hip abduction were 
collected concentrically for each strength test. The 
authors chose 120 deg/sec in an attempt to better 
approximate the joint torque that the hip joint expe-
riences during the running motion.27 While muscles 
have been demonstrated to produce greater concen-
tric force at decreased isokinetic testing velocities28, 
the authors felt 120 deg/sec would adequately cap-
ture the torque producing qualities of the muscle 
groups in question. A pilot study assessed intertester 
and intratester reliability for the described method 
of hip extension isokinetic testing through an intra-
class correlation coefficent (3,1) (ICC)29. An ICC 
value greater than 0.81 was considered excellent.30 
The hip abduction testing protocol was performed 
by one laboratory assistant who has previously estab-
lished excellent intratester reliability.31

Treadmill Running Protocol
Each subject also completed a running protocol, 
as previously described in detail by Ford and col-
leagues,32 wearing standardized neutral-cushioned 
footwear (Adidas Supernova Glide, Adidas, Inc.) on a 
custom high-speed treadmill at a self-selected speed 
(SS) (mean=3.8 m/s). Three-dimensional kinematic 
data were collected at 240 Hz using a 10 camera motion 
capture system (Motion Analysis Corporation, Santa 
Rosa, CA) utilizing a previously established marker 
set with a minimum of 3 retroreflective markers 
attached to the pelvis, thorax, and each lower extrem-
ity segment (foot, shank, and thigh) (Figure 3).32,33 
Thirty consecutive steps were captured bilaterally at 
each speed, and the first twenty steps during the SS 
run were used for analysis (Figure 3). Each trial was 
visually inspected to ensure proper identification of 
the stance phase, defined as the period between ini-
tial foot strike to toe-off. The motion analysis system 
was calibrated based on manufacturer’s recommen-
dations. Marker trajectories were filtered at a cutoff 
frequency of 12 Hz (low-pass further order Butter-
worth filter) prior to calculating knee and hip angles 
(Visual3d, C-Motion, Inc.). 

STATISTICAL METHODS
Pearson correlation coefficients were used to deter-
mine the relationship between hip strength and hip 
and knee range of motion (ROM) during the stance 
phase of running. Correlations were determined to 
be statistically significant at p < 0.05. 

An exploratory factor analysis using principal axis 
factoring extraction with a direct oblmin rotation was 
conducted using sagittal, frontal, and transverse plane 
angles of the hip and knee joint during stance. Specif-
ically, six variables were entered into the factor anal-
ysis: hip internal/external, hip abduction/adduction, 
hip flexion/extension, knee internal/external, knee 
abduction/adduction and knee flexion/extension. If 
any variable had a value <0.5 on the diagonal of its 
anti-image correlation matrix, that with the lowest 
value was removed from the analysis in an iterative 
process until all diagonal values were >0.5. The diag-
onal of the anti-image correlation matrix was >0.5 
for all six variables, and therefore all were included 
in the analysis. Once a final model was developed, 
parallel analysis using permutations of the raw data 
set was used to determine the number of factors to be 
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retained in the final model. The final model, detailed 
in the results, contained three factors. Variables with 
scores >0.5 in the pattern matrix were considered to 
be key contributors to each factor. Anderson-Rubin 
factor loading scores were then saved for each sub-
ject. Pearson correlation coefficients were used to 
determine the relationship between the extracted 
factors to hip strength.

RESULTS
The hip extension isokinetic testing method dem-
onstrated excellent ICC reliability. The mean ICC 
values for peak torque intra-rater reliability were 
greater than 0.89 and for inter-rater reliability were 
greater than 0.85 (Table 1 & 2).

Peak isokinetic hip extensor torque demonstrated 
a moderate negative relationship with transverse 
plane hip ROM (r = -0.390, p = 0.012) but was not 
significantly related to sagittal plane hip ROM (r = 
-0.057 p = 0.752) and frontal plane hip ROM (r = 
-0.294, p = 0.097) (Figure 4) in subjects running at 
a self-selected speed. Peak isokinetic hip abductor 
torque showed a strong negative relationship with 
frontal plane hip ROM (r = -0.462, p =.008) but was 
not significantly related to either sagittal plane hip 

ROM (r = 0.089, p = 0.630) or transverse plane hip 
ROM (r = -0.210, p = 0.248) (Figure 4). Peak iso-
kinetic hip extensor torque was not significantly 
related to transverse plane knee ROM (r = 0.191, 
p = 0.287) (See Figure 5), frontal plane knee ROM 
(r = 0.036, p = 0.842), or sagittal plane knee ROM 
(r = -0.052, p = 0.775). Peak isokinetic hip abductor 
torque was not significantly related to frontal plane 
knee ROM (r = 0.206, p = 0.258) (See Figure 5), 
transverse plane knee ROM (r = 0.258, p = 0.114), 
or sagittal plane knee ROM (r = 0.089, p = 0.630). 

Factor Analysis
The Keiser-Meyer-Olkin measure of sampling ade-
quacy was 0.610, which supported the appropriate-
ness of factor analysis for this data set. The diagonal 
of the anti-image correlation matrix was >0.5 for 
all six variables, and therefore all were included in 
the analysis. Parallel analysis indicated three factors 
could be retained in the model. Factor 1 accounted 
for strong loading scores for hip flexion (0.774) and 
knee flexion (0.842) range of motion. Factor 2 had 
strong loading scores for hip adduction (0.779) range 
of motion. Factor 3 had strong loading scores for hip 
rotation (0.582) and knee abduction (0.661) range 
of motion. The factor correlation matrix revealed 

Figure 3. Marker Set-Up and Treadmill Protocol.
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weak correlations between each of the three factors 
(range: -0.83 < r < 0.304).

There was a significant correlation between hip ab-
duction strength and Factor 2 (r = -0.533, p = 0.002). 
Hip abduction strength and extension strength were 
not significantly correlated to any other factors.

DISCUSSION
The results of the current study demonstrated that 
peak isokinetic hip extensor torque and peak isokinetic 
hip abductor torque are associated with transverse 

plane and frontal plane hip kinematics, respectively, 
in healthy, adolescent and young adult male long-dis-
tance runners. As the authors hypothesized, runners 
with lower hip abductor and hip extensor strength 
exhibited greater frontal and transverse plane hip 
motion. Hip motion represents femur movement rel-
ative to the pelvis. Therefore, this motion may relate 
to pelvic, femoral, or a combination of motions. How-
ever, contrary to the authors stated hypothesis, peak 
isokinetic hip extensor torque and peak isokinetic hip 
abductor torque were not associated with transverse 
plane and frontal plane knee mechanics. Further-
more, a factor analysis was utilized to help describe the 
variability among related biomechanical parameters 
during running. Interestingly, the results of the fac-
tor analysis identified three unique factors that relate 
to a sagittal plane pattern (Factor 1), hip adduction 
pattern (Factor 2) and combined hip rotation/knee 
abduction pattern (Factor 3). Increased hip adduc-
tion range of motion was heavily weighted in factor 
2 which was significantly related to hip abduction iso-
kinetic strength. This further indicates that decreased 
abduction concentric strength may increase the hip 
adduction motion during stance phase of running. 

Decreased hip strength may lead to altered hip 
mechanics in a young, competitive running popula-
tion. Altered hip strength has been linked to a vari-
ety of lower extremity injuries such as iliotibial band 
syndrome,34-36 patellofemoral pain syndrome (PFPS),
6,9,10,12,15,16,37,38 and tibial stress fracture.39 The associa-
tion of decreased hip extensor strength and increased 
hip internal rotation found in this study is in agree-
ment with prior reports indicating this relationship 
in runners diagnosed with PFPS.5,9 Souza and Pow-
ers reported that adult females with decreased hip 
extension and hip abduction strength demonstrated 
increased femoral internal rotation during running, 
a drop jump, and a step down, despite increased glu-
teus maximus activation.5 The current findings are 
in partial agreement with a prior report that noted a 
negative correlation between hip abductor strength 
and hip adduction angle toward the end of a pro-
longed run, but not at the beginning of the run, in 
adult females with PFPS.40 

A lack of hip abductor and hip extensor strength 
appears to be associated with increased hip adduc-
tion and hip internal rotation, respectively. Increased 

Table 1. ICC Reliability for Hip Extension Isokinetic 
Testing Method

Day 1   Day 2 
Tester 

1 
Tester 

2 
Tester 

1 Tester 2 
Right Hip 

Subject 1 229.7 185.1 213.6 189.2 
Subject 2 147.6 139.5 175.9 178.1 
Subject 3 90.9 89.3 76.3 82.7 
Subject 4 107.7 106.7 105.5 101.5 
Subject 5 83.5 98.5 98 98.3 
Subject 6 175.2 184 202 153.8 
Subject 7 202.8 162 180.5 146.3 
Subject 8 82.8 92 94.5 78.5 
Subject 9 98.1 87.3 79.8 84.5 
Subject 10 147.5 128 183.3 156.9 

Left Hip 
Subject 1 180.7 206 200.1 212.9 
Subject 2 141 154.8 125.3 184.7 
Subject 3 74.5 96.2 73.1 85.3 
Subject 4 98.6 124.9 103.4 112.5 
Subject 5 96.1 90.8 81.6 102.4 
Subject 6 136.8 217.5 160.3 157.3 
Subject 7 160.4 145 150.1 165.2 
Subject 8 61.1 58.5 77.8 67.8 
Subject 9 102.7 85 81.4 92.3 
Subject 10 117.7 151.7 100.8 133.5 

Hip isokinetic test data used to calculate intra-tester and
inter-tester reliability. Values reported in ft*lbs. 

Table 2. Intra-tester and Inter-tester ICC reliability for left, 
right, and combined sides calculated from peak hip 
isokinetic strength data

Intra-tester ICC (C-1)  Inter-tester ICC (C-1)
Side Tester 1 Tester 2 Mean Day 1 Day 2 Mean 

Left 0.91 0.87 0.89 0.79 0.91 0.85 
Right 0.92 0.87 0.90 0.90 0.93 0.91 

Combined 0.96 0.90 0.93   0.91 0.94 0.93 
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hip adduction has previously been associated with 
iliotibial band syndrome,36 patellofemoral pain syn-
drome,41,42 and tibial stress fracture,43,44 in adult 
female long-distance runners. Increased hip internal 
rotation has previously been associated with iliotibial 
band syndrome in adult male long-distance runners45 
and patellofemoral pain syndrome in adult female 
long-distance runners.9,46,47 To the authors’ knowl-
edge, this is the first study that has demonstrated 
these atypical hip kinematics in a cohort of young, 
healthy, and competitive male long-distance run-
ners. This indicates that interventions which reduce 
excessive transverse and frontal plane movements at 
the hip during running may be clinically relevant. 

The findings from this study, that hip strength is 
not associated with frontal or transverse plane knee 
kinematics, are in agreement with the findings of 
previous reports investigating the this association 

in adult females with PFPS19,48 and healthy adult 
females.18 Both Ferber et al and Earl et al found 
that proximal strengthening programs focusing on 
improving hip abductor strength19,48 and hip external 
rotator strength48 led to pain reductions but did not 
lead to changes in knee kinematics. Similarly, Willy 
and Davis demonstrated that improving hip abduc-
tor and hip extensor strength did not alter running 
kinematics.18 In contrast, the current findings dif-
fer from Heinert et al, who reported that uninjured 
collegiate female recreational athletes with reduced 
hip abductor strength demonstrated significantly 
increased knee abduction angle during the stance 
phase of running as compared to a stronger cohort.7 

Several potential factors exist to explain the differences 
noted in the current study relative to prior reports. 
First, the subject population consisted of healthy, 
adolescent and young adult males. Prior investiga-

*Significant correlation
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tions have noted differences in running kinematics 
between adult males and adult female runners,49 and 
thus it is possible that gender and age may play a role 
in contrasting running mechanics. Second, as our 
subject population was uninjured, it is possible that 
pain may play a role in mediating running mechan-
ics. While knee pain inhibits quadriceps activity,50 it is 
not clearly understood the effect that knee pain may 
have in altering hip muscle activity or compensa-
tory movement patterns. While adult female runners 
with PFPS demonstrated delayed and shorter gluteus 
medius muscle activation than pain-free subjects,51 it 
was unknown if these differences were due to pain 
or were present prior to the onset of their condition. 
Therefore, the differences in study design and study 
populations may underlie the divergence of the cur-
rent results from prior reports. Finally, dynamic 
knee valgus is the result of several movements, par-
ticularly femoral internal rotation, femoral adduction, 
knee abduction, and knee external rotation. Current 

evidence suggests a position of dynamic knee val-
gus, particularly femoral internal rotation, results in 
altered patellofemoral joint kinematics, which places 
stress on the patellofemoral joint.52 This study demon-
strates that weak hip abductors and hip extensors are 
associated with increased hip adduction and hip inter-
nal rotation. Therefore, this study may demonstrate a 
link between altered hip strength and high-risk lower 
extremity kinematics which may predispose the 
cohort with weaker hip strength to future injury.

Previous studies that have quantified hip muscle 
deficits in patients with PFPS have primarily used 
isometric dynamometry in order to quantify hip str
ength.10,12,13,15,16,25 Isometric dynamometry allows cli-
nicians to examine the strength of isolated joints at 
fixed rotational positions. The static condition of iso-
metric dynamometry may allow patients to produce 
larger peak torques than isokinetic dynamometry 
at a respective position.53 During the stance phase 
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Figure 5. Hip Strength Associated with Knee Range of Motion.
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of running, muscles around the hip joint primarily 
are contracting eccentrically and concentrically,54 
thus isometric dynamometry may lack construct 
validity. Conversely, isokinetic tests allow patients 
to progress through a range of motion in a single 
degree of freedom and can provide an assessment 
of both concentric and eccentric muscle strength 
which, in turn, may better measure the construct of 
hip muscle strength. Disadvantages to isokinetic test-
ing include cost, prolonged set-up time, and access 
for both clinicians and researchers. While isokinetic 
testing improves upon measuring the construct of 
hip strength, at this time it is not possible to measure 
hip strength in the exact position, joint speed, and 
contraction type that the muscles are utilized during 
the running gait cycle.

Recently, various methods of hip isokinetic dyna-
mometry have been utilized in an attempt to address 
the perceived deficits of isometric dynamometry 
testing.5,6,9 Souza and Powers5,9 utilized an isokinetic 
hip extension strength assessment protocol similar 
to this study with respect to positioning and ROM of 
the testing limb. Their test was performed in prone, 
which is consistent with manual muscle testing 
procedures that are conducted against gravity. The 
novel approach utilized in this study was chosen to 
simulate the position of running with an upright 
stance. Souza utilized isometric peak hip extension 
torque at 30 degrees of hip flexion,9 and isometric, 
isotonic and isokinetic dynamometry measures were 
utilized with isokinetic testing performed at 10 deg/
sec.5 Boling et al6 also utilized the prone method, 
however their range of motion was 30 degrees of hip 
extension from a starting position of 90 degrees of 
hip flexion and the testing speed for concentric and 
eccentric contractions was set at 60 deg/sec based 
on previous research6. Boling reported ICC’s of 0.79 
for their intrasession reliability of peak concentric 
strength which is below the ICC achieved in the cur-
rent study. The higher testing speed of 120 deg/sec 
for the current study was chosen to capture the con-
struct of strength at a faster speed, while still main-
taining the ability to reliably evaluate peak torque. 

While the method used for measuring peak hip 
extension torque is novel, the ICC data demonstrated 
that the methods outlined in this paper have good 
reliability. ICC values indicated that within-rater 

and between-rater reliability were both almost per-
fect. Inter-tester reliability was slightly lower than 
intra tester reliability. Reliability studies have been 
previously performed on alternative protocols that 
examine hip extension isokinetic strength. Previous 
authors have found that hip extension ICC was 0.84 
at 90 deg/sec in young boys and 0.96 at deg/sec at 
60 deg/sec.55,56 The current data suggests that the 
reliability of the novel hip isokinetic testing protocol 
used in the current study is comparable to these pre-
viously tested methods and are considered almost 
perfect based on ICC values.

Limitations to the current study include that kinetic 
data was not collected during treadmill running which 
limits interpretation of kinematic data. Additionally, 
the authors did not measure gluteal muscle activation 
using EMG. Recent reports demonstrate that altera-
tions in running kinematics in adult female runners 
with PFPS may be due, in part, to alterations in glu-
teus medius and gluteus maximus activation, respec-
tively.9,51 The underlying factor of motor control is 
difficult to evaluate since it encompasses not only the 
strength of the musculature, but also the timing and 
efficiency with which it is able to control movement. 
Future research efforts should be directed at assess-
ing the roles that muscle activation and maturation 
play, if any, in affecting lower extremity kinematics 
in healthy male runners. Finally, our results should 
be viewed with caution due to the relative low coef-
ficient of determination (r2) values of our findings 
(gluteus maximus r2 = 0.152 and gluteus medius r2 =
0.213) as it is likely other variables, in addition to hip 
strength, also explain the studied hip motions. 

CONCLUSION
Peak isokinetic hip extensor torque and peak iso-
kinetic hip abductor torque are negatively associated 
with transverse plane and frontal plane hip motion, 
but not knee kinematics in male adolescent and 
young adult long-distance runners. Three unique 
factors were identified to explain three-dimensional 
range of motion occurring at the hip and knee dur-
ing running. The factor with strong loading scores for 
hip adduction range of motion was significantly cor-
related to hip abduction strength. This indicates that 
a potential underlying mechanism for this unique 
description of running may relate to hip abduction 
strength in males. However, the factors with strong 
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loading scores for sagittal plane range of motion (hip 
and knee) and hip rotation/knee abduction were not 
significantly correlated with hip strength. 

This study uniquely identifies the relationship 
between peak isokinetic hip strength and 3-D hip 
mechanics, which may be associated with pathome-
chanics that have been shown to increase the risk 
of anterior knee pain in runners. Utilization of iso-
kinetic testing to assess peak hip extensor and hip 
abductor torque may aid in the identification of 
runners who may be susceptible for future running 
injuries. Future prospective studies are warranted 
to assess the effect that alterations in hip strength, 
muscle activation, running kinematics, and running 
kinetics have on both injury occurrence and type of 
injury in at-risk populations.

REFERENCES
 1. National Federation of High Schools survey of 

participation. Available at: http://www.nfhs.org/
Participation/. Accessed July 3.

 2. Rauh MJ, Koepsell TD, Rivara FP et al. Epidemiology 
of musculoskeletal injuries among high school cross-
country runners. Am J Epidemiol. 2006;163:151-9.

 3. Taunton JE, Ryan MB, Clement DB et al. A 
retrospective case-control analysis of 2002 running 
injuries. Br J Sports Med. 2002;36:95-101.

 4. Taunton JE, Ryan MB, Clement DB et al. A 
prospective study of running injuries: the Vancouver 
Sun Run “In Training” clinics. Br J Sports Med. 
2003;37:239-44.

 5. 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;37:579-87.

 6. Boling MC, Padua DA, Alexander Creighton R. 
Concentric and eccentric torque of the hip 
musculature in individuals with and without 
patellofemoral pain. J Athl Train. 2009;44:7-13.

 7. Heinert BL, Kernozek TW, Greany JF et al. Hip 
Abductor Weakness and Lower Extremity 
Kinematics During Running. Journal of Sport 
Rehabilitation. 2008;17:243-56.

 8. Powers CM. The infl uence of altered lower-extremity 
kinematics on patellofemoral joint dysfunction: a 
theoretical perspective. J Orthop Sports Phys Ther. 
2003;33:639-46.

 9. Souza RB, Powers CM. Differences in hip kinematics, 
muscle strength, and muscle activation between 

subjects with and without patellofemoral pain. J 
Orthop Sports Phys Ther. 2009;39:12-9.

10. Bolgla LA, Malone TR, Umberger BR et al. Hip 
strength and hip and knee kinematics during stair 
descent in females with and without patellofemoral 
pain syndrome. J Orthop Sports Phys Ther. 
2008;38:12-8.

11. Baldon Rde M, Nakagawa TH, Muniz TB et al. 
Eccentric hip muscle function in females with and 
without patellofemoral pain syndrome. J Athl Train. 
2009;44:490-6.

12. Cichanowski HR, Schmitt JS, Johnson RJ et al. Hip 
strength in collegiate female athletes with 
patellofemoral pain. Med Sci Sports Exerc. 
2007;39:1227-32.

13. Cowan SM, Crossley KM, Bennell KL. Altered hip 
and trunk muscle function in individuals with 
patellofemoral pain. Br J Sports Med. 2009;43:584-8.

14. Prins MR, van der Wurff P. Females with 
patellofemoral pain syndrome have weak hip muscles: 
a systematic review. Aust J Physiother. 2009;55:9-15.

15. Robinson RL, Nee RJ. Analysis of hip strength in 
females seeking physical therapy treatment for 
unilateral patellofemoral pain syndrome. J Orthop 
Sports Phys Ther. 2007;37:232-8.

16. Ireland ML, Willson JD, Ballantyne BT et al. Hip 
Strength in Females with and without Patellofemoral 
Pain. J Orthop Sports Phys Ther. 2003;33:671-6.

17. Nakagawa TH, Moriya ET, Maciel CD et al. Frontal 
plane biomechanics in males and females with and 
without patellofemoral pain. Med Sci Sports Exerc. 
2012;44:1747-55.

18. Willy RW, Davis IS. The effect of a hip-strengthening 
program on mechanics during running and during a 
single-leg squat. J Orthop Sports Phys Ther. 
2011;41:625-32.

19. Ferber R, Kendall KD, Farr L. Changes in knee 
biomechanics after a hip-abductor strengthening 
protocol for runners with patellofemoral pain 
syndrome. J Athl Train. 2011;46:142-9.

20. Snyder KR, Earl JE, O’Connor KM et al. Resistance 
training is accompanied by increases in hip strength 
and changes in lower extremity biomechanics during 
running. Clin Biomech (Bristol, Avon). 2009;24:26-34.

21. Myer GD, Brent JL, Ford KR et al. A pilot study to 
determine the effect of trunk and hip focused 
neuromuscular training on hip and knee isokinetic 
strength. Br J Sports Med. 2008;42:614-9.

22. Lim BO, Lee YS, Kim JG et al. Effects of sports 
injury prevention training on the biomechanical risk 
factors of anterior cruciate ligament injury in high 
school female basketball players. Am J Sports Med. 
2009;37:1728-34.



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 466

23. Greska EK, Cortes N, Van Lunen BL et al. A feedback 
inclusive neuromuscular training program alters 
frontal plane kinematics. J Strength Cond Res. 
2012;26:1609-19.

24. Cochrane JL, Lloyd DG, Besier TF et al. Training 
affects knee kinematics and kinetics in cutting 
maneuvers in sport. Med Sci Sports Exerc. 
2010;42:1535-44.

25. Boling MC, Bolgla LA, Mattacola CG et al. Outcomes 
of a weight-bearing rehabilitation program for 
patients diagnosed with patellofemoral pain 
syndrome. Arch Phys Med Rehabil. 2006;87:1428-35.

26. Brent J, Myer GD, Ford KR et al. The Effect of Sex 
and Age on Isokinetic Hip Abduction Torques. J Sport 
Rehabil. 2012.

27. Hunter JP, Marshall RN, McNair PJ. Segment-
interaction analysis of the stance limb in sprint 
running. Journal of biomechanics. 2004;37:1439-46.

28. Perrin DH. Isokinetic exercise and assessment: Human 
Kinetics Publishers; 1993.

29. McGraw KOaW, S.P. Forming inferences about some 
intraclass correlation coeffi cients. Psychological 
Methods. 1996;1:30-46.

30. Landis JR, Koch GG. The measurement of observer 
agreement for categorical data. Biometrics. 
1977;33:159-74.

31. Brent JL, Myer GD, Ford KR et al. The effect of sex 
and age on isokinetic hip-abduction torques. J Sport 
Rehabil. 2013;22:41-6.

32. Ford KR, Taylor-Haas JA, Genthe K et al. 
Relationship between hip strength and trunk motion 
in college cross-country runners. Med Sci Sports 
Exerc. 2013;45:1125-30.

33. Bates NA, Ford KR, Myer GD et al. Impact 
differences in ground reaction force and center of 
mass between the fi rst and second landing phases of 
a drop vertical jump and their implications for injury 
risk assessment. J Biomech. 2013;46:1237-41.

34. Ferber R, Noehren B, Hamill J et al. Competitive 
female runners with a history of iliotibial band 
syndrome demonstrate atypical hip and knee 
kinematics. J Orthop Sports Phys Ther. 2010;40:52-8.

35. Fredericson M, Cookingham CL, Chaudhari AM et 
al. Hip abductor weakness in distance runners with 
iliotibial band syndrome. Clin J Sport Med. 
2000;10:169-75.

36. Noehren B, Davis I, Hamill J. ASB clinical 
biomechanics award winner 2006 prospective study 
of the biomechanical factors associated with iliotibial 
band syndrome. Clin Biomech (Bristol, Avon). 
2007;22:951-6.

37. Bolgla LA, Malone TR, Umberger BR et al. 
Comparison of hip and knee strength and 

neuromuscular activity in subjects with and without 
patellofemoral pain syndrome. International journal 
of sports physical therapy. 2011;6:285-96.

38. Tyler TF, Nicholas SJ, Mullaney MJ et al. The role of 
hip muscle function in the treatment of 
patellofemoral pain syndrome. Am J Sports Med. 
2006;34:630-6.

39. Niemuth PE, Johnson RJ, Myers MJ et al. Hip 
muscle weakness and overuse injuries in 
recreational runners. Clin J Sport Med. 2005;15:14-21.

40. Dierks TA, Manal KT, Hamill J et al. Proximal and 
distal infl uences on hip and knee kinematics in 
runners with patellofemoral pain during a prolonged 
run. J Orthop Sports Phys Ther. 2008;38:448-56.

41. Willson JD, Davis IS. Lower extremity mechanics of 
females with and without patellofemoral pain across 
activities with progressively greater task demands. 
Clin Biomech. 2008;23:203-11.

42. Noehren B, Hamill J, Davis I. Prospective evidence 
for a hip etiology in patellofemoral pain. Med Sci 
Sports Exerc. 2013;45:1120-4.

43. Milner CE, Hamill J, Davis IS. Distinct hip and 
rearfoot kinematics in female runners with a history 
of tibial stress fracture. J Orthop Sports Phys Ther. 
2010;40:59-66.

44. Pohl MB, Mullineaux DR, Milner CE et al. 
Biomechanical predictors of retrospective tibial 
stress fractures in runners. J Biomech. 2008;41:
1160-5.

45. Noehren B, Schmitz A, Hempel R et al. Assessment 
of strength, fl exibility, and running mechanics in 
men with iliotibial band syndrome. J Orthop Sports 
Phys Ther. 2014;44:217-22.

46. Wirtz AD, Willson JD, Kernozek TW et al. 
Patellofemoral joint stress during running in females 
with and without patellofemoral pain. Knee. 
2012;19:703-8.

47. Noehren B, Pohl MB, Sanchez Z et al. Proximal and 
distal kinematics in female runners with 
patellofemoral pain. Clin Biomech (Bristol, Avon). 
2012;27:366-71.

48. Earl JE, Hoch AZ. A proximal strengthening 
program improves pain, function, and biomechanics 
in women with patellofemoral pain syndrome. 
American Journal of Sports Medicine. 2011;39:154-63.

49. Ferber R, Davis IM, Williams DS, 3rd. Gender 
differences in lower extremity mechanics during 
running. Clin Biomech. 2003;18:350-7.

50. Hodges PW, Mellor R, Crossley K et al. Pain induced 
by injection of hypertonic saline into the 
infrapatellar fat pad and effect on coordination of 
the quadriceps muscles. Arthritis Rheum. 2009;
61:70-7.



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 467

51. Willson JD, Kernozek TW, Arndt RL et al. Gluteal 
muscle activation during running in females with 
and without patellofemoral pain syndrome. Clin 
Biomech. 2011;26:735-40.

52. Powers CM, Ward SR, Fredericson M et al. 
Patellofemoral kinematics during weight-bearing and 
non-weight-bearing knee extension in persons with 
lateral subluxation of the patella: a preliminary 
study. J Orthop Sports Phys Ther. 2003;33:677-85.

53. Prentice WE. Arnheim’s Principles of Athletic 
Training: A Competency-Based Approach, ed 12. 
2006:89-128.

54. McClay I, Manal K. Three-dimensional kinetic 
analysis of running: signifi cance of secondary planes 
of motion. Med Sci Sports Exerc. 1999;31:1629-37.

55. Eng JJ, Kim CM, Macintyre DL. Reliability of lower 
extremity strength measures in persons with chronic 
stroke. Arch Phys Med Rehabil. 2002;83:322-8.

56. Burnett CN, Betts EF, King WM. Reliability of 
isokinetic measurements of hip muscle torque in 
young boys. Phys Ther. 1990;70:244-9.



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 468

ABSTRACT
Background: Patellofemoral pain is a common condition without a clear mechanism for its presentation. Recently signifi-
cant focus has been placed on the hip and its potential role in patellofemoral pain (PFP). The majority of the research has 
examined hip strength and neuromuscular control. Less attention has been given to hip mobility and its potential role in 
subjects with PFP. 

Purpose/Aim: The purpose of this study was to compare passive hip range of motion (ROM) of hip extension and hip inter-
nal and external rotation in subjects with PFP and healthy control subjects. The hypothesis was that subjects with PFP 
would present with less total hip ROM and greater asymmetry than controls.

Design: Two groups, case controlled.

Setting: Clinical research laboratory

Participants: 30 healthy subjects without pain, radicular symptoms or history of surgery in the low back or lower extremity 
joints and 30 subjects with a diagnosis of PFP.

Main Outcome Measures: Passive hip extension, hip internal rotation (IR) and hip external rotation (ER). A digital incli-
nometer was used for measurements.

Results: There was a statistically significant difference (p<0.001) in hip passive extension between the control group and 
the PFP group bilaterally. Mean hip extension for the control group was 6.8° bilaterally. For the PFP group, the mean hip 
extension was -4.0° on the left and -4.3° on the right. This corresponds to a difference of means between groups of 10.8° on 
the left and 11.1° on the right with a standard error of 2.1°. There was no statistically significant difference (p>0.05) in 
either hip IR or ER ROM or total rotation between or within groups. 

Conclusions: The results of this study indicate that a significant difference in hip extension exists in subjects with PFP 
compared to controls. These findings suggest that passive hip extension is a variable that should be included within the 
clinical examination of people with PFP. It may be valuable to consider hip mobility restrictions and their potential impact 
on assessment of strength and planned intervention in subjects with PFP. 

Level of Evidence: 2b

Key Words: Hip, inclinometer, patellofemoral pain, passive range of motion 
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INTRODUCTION
Patellofemoral pain (PFP) is a common condition 
evaluated and treated in the orthopedic setting.1,2 
The condition is sometimes referred to as anterior 
knee pain or patellofemoral pain syndrome.3,4 The 
etiology of the condition remains unknown although 
many variables are thought to be contributory. 
Amongst the considerations are excessive Q angle, 
excessive foot pronation, weakness of the vastus 
medialis, misalignment of the patella, maltracking 
of the patella, joint laxity, and decreased mobility of 
the hamstrings and or quadriceps.5 

Historically the focus of PFP etiology has tended 
to center upon distal factors, foot and ankle, and 
muscles directly attaching to the knee, such as the 
quadriceps muscle.6 However, much of the emer-
gent research has been focused about the hip.7-11 
Powers has discussed and provided evidence to sup-
port the notion that a significant contributor to PFP 
may be the hip region.7,12 The fact that the knee and 
hip region are mechanically linked can be reason-
ably surmised by their linkage through the femur.13 
However, a considerable amount of recent literature 
still focuses attention primarily on the knee joint as 
an isolated region in the etiology and treatment of 
PFP.14-18 A recent study comparing posterolateral hip 
muscle strengthening as compared to quadriceps 
strengthening in subjects with PFP found both to be 
helpful in reducing pain and improving function-
ing.19 However the hip strengthening was found to 
be superior. Clearly, both the knee and hip muscles 
are important variables that need to be taken into 
consideration in subjects with PFP.

The majority of the current literature on hip region 
involvement in PFP is centered upon strength and 
neuromuscular control.20-24 In the past few years 
several authors have examined the kinematics of 
the hip and its effect on PFP.25,26 What has been 
reported is that significant differences can exist in 
kinematics about the knee and hip in subjects with 
PFP as compared to controls.27-29 In particular some 
subjects with PFP have been observed to display 
with increased knee valgus, increased hip IR and 
increased hip adduction as compared to controls.29 
Additional authors have evaluated the gluteus medius 
and maximus motor activation patterns in subjects 
with PFP and found significant differences in both 

fatigue patterns and motor activation patterns.30,31 In 
particular several investigators have found a direct 
correlation between PFP and altered hip movement 
and changes in gait and running.32,33 What appears 
to be lacking is data on the role that soft tissue and 
joint mobility may contribute to PFP. The informa-
tion that is available has focused on structures of 
the lower extremity such as quadriceps, hamstrings, 
iliotibial band, and gastrocnemius/soleus.6,34-36 Little 
information is available that examines hip ROM in 
individuals with PFP.37 It is reasonable to consider 
that the ROM of a joint, which is a general measure 
and takes into consideration all components of the 
structure, can impact the joint moment and dissi-
pate mechanical loads.38,39 In particular hip exten-
sion, hip IR and Hip ER ROM are of interest due 
to their influence from the gluteus maximus, which 
is noted to be a significant factor in PFP etiology.21 
It has been observed that female subjects with PFP 
have a significantly decreased hip extension and hip 
abductor torque production as compared to healthy 
controls.21 In this author’s opinion the mobility of 
hip abduction, adduction and flexion do not appear 
to a major variable in the condition of PFP based on 
current understandings of the condition, although 
this needs further investigation. Some evidence is 
available that supports the notion that static mea-
surements of postural positioning can be predictive 
of dynamic function.40 

The purpose of this study was to compare passive 
hip range of motion (ROM) of hip extension and hip 
internal and external rotation in subjects with PFP 
and healthy control subjects. The authors hypothe-
sized that subjects with PFP would present with less 
passive hip ROM in hip extension and hip internal 
and external rotation than controls. 

METHODS
A convenience sample of 30 volunteer subjects with-
out PFP (13 males and 17 females; mean age 34.0+/- 
13.1 years; mean height, 171.5 cm+/- 11.9, mean 
body mass, 72.0 kg +/- 13.9, and 30 subjects with a 
diagnosis of PFP(9 males and 20 females; mean age 
36+/- 13.7 years; mean height, 171.5 cm +/- 10.7, 
mean body mass, 69 kg+/- 13.8 were recruited. Con-
trol subjects were included if they reported no his-
tory of surgery of the spine, hips, knees; no history 
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of neurological insult to the musculoskeletal system; 
and had no current acute pain of the hips, low back, 
or knees. PFP subjects selected for this study met 
the following inclusion criteria: generalized ante-
rior, anterior/medial knee or retropatellar pain for 
1 month or longer associated with prolonged sitting, 
ascending/descending stairs, sports activity, and/or 
running. Exclusion criteria for both groups included 
a history of patellar dislocation, cartilage or ligamen-
tous damage, surgery for trauma to the knee, and 
a known history of osteoarthritis. All subjects were 
informed of the purpose of the study and signed an 
informed consent document prior to data collection. 

Study Design
All data collection took place in research institute. 
All testing was completed in a single session by the 
primary investigator. The investigator is a licensed 
physical therapist with 20 years of experience in the 
musculoskeletal practice environment. During eval-
uation, the investigator measured extension (EXT), 
internal (IR) and external rotation (ER) on both left 
and right hip. A digital inclinometer was used to mea-
sure hip ROM. The digital inclinometer was a Digital 
Protractor Pro 3600 manufactured by Miutoyo Amer-
ica, Aurora, Illinois with an accuracy of 0.1°. The dig-
ital inclinometer has been found to be possess good 
reliability and concurrent validity with the univer-
sal goniometer which is the standard tool in clinical 
practice.41 The reliability of the device in previous 
work on hip ROM was noted to be .90.42 No practice 
or warm up was performed prior to measurements. 

During EXT measurement, the subjects were posi-
tioned on their back and a modified Thomas test, 
typically a test for length of hip flexors to measure 
hip extension PROM, was performed. The modified 
Thomas test has been found to possess good reliabil-
ity.42-44 The hip being measured was positioned at the 
end of the treatment table and the tested leg was then 
cantilevered over the edge of table with the end feel 
resulting from the effects of gravity. No manual con-
tact was made with the tested leg. The opposite leg 
was held actively by the subjects with the hip and knee 
in a flexed position against the chest. Instructions 
were provided for subjects to pull their knee straight 
toward their head to avoid any abduction. In addition, 
subjects were provided feedback, both verbal and tac-
tile to maintain a low back flat against table to avoid 

lumbar and pelvic tilting throughout the evaluation. 
The inclinometer measurement was taken from the 
anterior mid femur position with midpoint between 
the greater trochanter and lateral femoral condyle. 
Measurements were noted as negative if they were 
above the horizon (more flexed than neutral position) 
and positive if they fell below the horizontal position 
(more extended than neutral position). 

For IR and ER measurements, the subjects were 
positioned in the prone position on the treatment 
table and the following standard protocol was used.42 
The investigator passively flexed both the knees to 
90 degrees while both hips were positioned in neu-
tral for measuring hip internal rotation. Next, the 
investigator instructed the subjects to relax and 
allow the shank of both legs out for IR until reach-
ing passive end feel of this joint region under the 
effects of gravity. For ER, the investigator passively 
flexed one knee to 90 degrees and then instructed 
the subject to relax the shank towards the midline 
and leg crossed over midline until reaching passive 
end feel, also determined per effects of gravity. The 
non- measured leg was positioned in extension on 
the table. The investigators assistant stabilized the 
subject’s pelvis during hip ER measures to prevent 
pelvic rotation. Additionally, the subjects that dis-
played with greater ER (motion blocked by presence 
of opposite leg) had their non-tested leg abducted 
slightly to allow for full measurement. Measure-
ments with the inclinometer were taken with device 
placed at midline of medial shaft of tibia between 
the medial malleoli and medial tibial condyle. 

Each measurement was performed three times and 
the average of the three was calculated and recorded. 
The order of the collection trial was randomized in 
each position. Additionally, the inclinometer mea-
surements were verbally given by the investigator 
and recorded by an assistant. 

Statistical Analysis
A two-way analysis of variance (ANOVA) was con-
ducted to determine whether differences in hip range 
of motion existed between groups. Simple effects 
analyses were conducted for significant interaction 
effects. Tukey post-hoc procedures were conducted 
in the case of significant main effects. Alpha level 
was set to 0.05. 
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RESULTS
Mean hip extension for the control group was 6.8° on 
the left side, and 6.8° on the right. For the PFP group, 
the mean hip extension was -4.0° on the left and -
4.3° on the right. This corresponds to a difference of 
means between groups of 10.8° on the left and 11.1° 
on the right with a standard error of 2.1°. A significant 
difference (p<0.001) was detected in hip extension 
angle between the control group and the PFP group 
on both the left and right sides, while no statistically 
significant differences existed between groups in rota-
tion ranges of motion (Figure 1). Figure 2 illustrates 

total hip ROM with no significant difference between 
control and PFP group (p>0.05).

DISCUSSION
The primary purpose of this study was to compare 
passive hip ROM in controls to subjects with PFP. 
Our data identified a significant difference in hip 
extension between the experimental and control 
groups. The PFP group on average demonstrated 
with 11° less hip extension than the control group. 
No additional significant differences were recorded 
in any of the other hip ROM variables measured in 
PFP group when comparing affected and unaffected 
extremity. These findings suggest that hip extension 
is a variable that should be evaluated when assess-
ing subjects with PFP during clinical assessment.

This study was conducted utilizing a digital inclinom-
eter due to its ease of use and good reliability in mea-
surements of the lower extremities.45,46 The digital 
inclinometer is noted to be a valid tool in assessing 
passive hip mobility.42 The known validity and ability 
to quickly assess hip mobility may encourage clini-
cians to use the inclinometer on more regular basis.

The paucity of literature on hip mobility and its 
effects on the knee are puzzling. The ability of the 
hip to effect knee kinematics has been well estab-
lished.7 A good portion of literature has focused in 
particular on the need to address the role of the glu-
teus maximus in subjects with PFP.21,30,47-49 It is rea-
sonable to consider that if the hip is limited in its 
mobility that this could affect joint moments.39 The 
authors of the current study recorded an average of 
11° less hip extension in subjects with PFP as com-
pared to controls, with left and right hip averaging 
-4.0° and -4.3° respectively (meaning the hip was 
flexed with relation to the neutral position). Several 
authors have noted that hip extension in healthy 
subjects varied between +2° to +13.7°.50-53 A lack 
of hip extension may lead to adaptive shortening 
of anterior hip structures including, but not limited 
to, the hip flexor musculature. It could be that the 
converse situation may occur as well, with anterior 
hip structure shortening leading to decreased hip 
extension. Deficits of hip extension therefore may 
possibly result in two potential negative mechani-
cal outcomes. One, lack of ability to generate full 
contractile force of the gluteus maximus by altering 

Figure 1. Hip range of motion between control and patel-
lofemoral pain patients comparing left and right hip exten-
sion, internal rotation, and external rotation.

Figure 2. Total hip rotation range of motion between control 
and patellofemoral pain (combination of external and inter-
nal rotation on the same side).
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the hip joint moment potential and two, decreased 
ability to store full potential of elastic strain energy 
of the anterior hip soft tissue. This second variable 
could result in decreased energy efficiency and 
potentially the overuse of anterior hip muscles to 
initiate swing phase of gait.54,55

Another issue worth consideration is to what degree 
does passive ROM measures of the hip reflect active 
or dynamic activity patterns. Schache et al. exam-
ined the relationship between passive hip exten-
sion, measured with a goniometer using the Thomas 
test, and anterior pelvic tilt, using a Vicon motion 
analysis system during running in 14 elite track 
and field athletes.56 They found no significant cor-
relation between passive ROM and hip extension 
during running. This study however used a small 
unique subset of individuals running at a submaxi-
mal speed that may not be reflective of the general 
population. Recently Moreside and McGill con-
ducted a study examining the relationship between 
increased passive hip ROM (extension and rotation) 
and transfer into functional movement patterns in 
normal healthy males.57 They found no evidence of 
increased functional ROM despite using interven-
tions that significantly improved passive hip ROM. 
The conclusion of the authors were that further 
interventions in the form of motor control strategies 
to create new movement patterns may be necessary 
for carryover of passive gains into dynamic activi-
ties. This is certainly an area in need of future study 
for both normal and PFP subjects.

No significant differences were noted in hip rotation 
between groups. There were no significant differences 
in ER or IR within the PFP group. A literature review 
on hip mobility and PFP found little from which to 
compare this finding. Cibulka noted in a case study 
involving a 15 year old female with PFP, decreased 
IR and increased ER on side of involvement.58 The 
majority of literature examining for hip asymmetries 
in physical medicine have focused on subjects with 
non- specific chronic low back pain.59-61 

It is likely that hip mobility plays a strong role in influ-
encing multiple proximal and distal regions such as the 
knee and or low back. This concept has been referred 
to as regional interdependence by Wainner et al.13 
Regional interdependence, in regards to the muscu-

loskeletal system, is defined as “ seemingly unrelated 
impairments in a remote anatomical region may con-
tribute to, or be associated with, the patient’s primary 
complaint”.13 It could be hypothesized that deficits in 
hip mobility in multiple planes may result in altered 
mechanical loading of segments above and below the 
joint. The questions that arise from this scenario are 
many and varied. If an individual continues to place 
large mechanical loads on the body through work or 
sports related activity, they would need to compen-
sate when mobility within segments are restricted. As 
an example, this compensation could result in muscle 
cell damage and potential for myofascial trigger point 
(MTrP) development.62,63 Subsequently, there could 
be an alteration in motor control as has been demon-
strated in the presence of MTrPs.64 In one study it has 
been observed that subjects with PFP have a higher 
prevalence of MTrPS in bilateral gluteus medius and 
quadratus lumborum muscles.65 This is an area that 
merits future investigation.

Future studies could examine the relevance of the 
findings of the current study through simple inter-
ventions and outcome measures in those with losses 
of hip extension in the presence of PFP. Although 
the current study did not find any differences in hip 
ER or IR, Cibulka et al noted that correcting asym-
metrical hip rotation resulted in good improvement 
in an individual with PFP.37 Cibulka et al have also 
advised that evaluating for hip rotation asymmetries 
is important prior to muscle testing and strength-
ening as asymmetries can influence hip rotator 
strength.66 No studies to the authors’ knowledge have 
tested this possibility with hip extension. It may be 
possible that many practitioners are overlooking this 
variable and proceeding to strengthening. A simple 
follow up study could examine for hip extension 
strength in presence and absence of restrictions. 
This could be followed up with a simple stretching 
routine to address the tight hip flexors. Studies have 
demonstrated that correcting for hip flexor tightness 
is possible with a short course of intervention.67,68 

Study Limitations
The main limitation during data collection was in 
proper stabilization of pelvis during measurements. 
As other authors have noted, stabilizing the pelvis 
during the modified Thomas test, and for passive 
hip ROM in general, is very important in order to 
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achieve consistency during hip measurement and 
limit lumbar spine involvement.69,70 All efforts were 
made to limit this involvement and it was felt that 
verbal and tactile cues given to subjects was suf-
ficient to achieve this goal. Additionally, the main 
investigator was not blinded to subjects condition. 
This had the potential to bias measurements and 
blinding would reduce this risk. Lastly, would be the 
fact that patellofemoral knee pain was not directly 
measured. This could have been assessed with tools 
such as the anterior knee pain scale or the West-
ern and McMaster Universities Osteoarthritis Index 
(WOMAC).71,72 

Conclusion
The results of this study indicate that subjects pre-
senting with PFP had significantly less passive hip 
extension than controls, when measured using the 
Thomas test. These findings suggest that passive hip 
extension is an important variable that should be 
included within the clinical examination of people 
with PFP. It may be important to consider hip mobil-
ity restrictions and their potential impact on assess-
ment of strength. 

REFERENCES
 1. Fulkerson JP. Diagnosis and treatment of patients 

with patellofemoral pain. Am J Sports Med. 
2002;30(3):447-456.

 2. Wilk KE, Davies GJ, Mangine RE, Malone TR. 
Patellofemoral disorders: a classifi cation system and 
clinical guidelines for nonoperative rehabilitation. J 
Orthop Sports Phys Ther.1998;28(5):307-322.

 3. Meira EP, Brumitt J. Infl uence of the hip on patients 
with patellofemoral pain syndrome: a systematic 
review. Sports Health. 2011;3(5):455-465.

 4. Crossley K BK, Green S, McConnell J. A Systematic 
Review of Physical Interventions for Patellofemoral 
Pain Syndrome. Clin J Sports Med. 2001;11:103-110.

 5. Waryasz GR, McDermott AY. Patellofemoral pain 
syndrome (PFPS): a systematic review of anatomy 
and potential risk factors. Dyn Med. 2008;7:9.

 6. Witvrouw E, Lysens R, Bellemans J, Cambier D, 
Vanderstraeten G. Intrinsic risk factors for the 
development of anterior knee pain in an athletic 
population. A two-year prospective study. Am J 
Sports Med. 2000;28(4):480-489.

 7. Powers CM. The infl uence of abnormal hip 
mechanics on knee injury: a biomechanical 
perspective.J Orthop Sports Phys Ther.40(2):42-51.

 8. Souza R PC. Souza R, Powers C. Differences in hip 
kinematics, muscle strength, and muscle activation 
between subjects with and without patellofemoral 
pain. J Orthop Sports Phys Ther. 2009;39:12-19. 

 9. 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.

10. Bolgla LA, Malone TR, Umberger BR, Uhl TL. Hip 
strength and hip and knee kinematics during stair 
descent in females with and without patellofemoral 
pain syndrome. J Orthop Sports Phys Ther. 
2008;38(1):12-18.

11. 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.

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

13. Wainner RS, Whitman JM, Cleland JA, Flynn TW. 
Regional interdependence: a musculoskeletal 
examination model whose time has come. J Orthop 
Sports Phys Ther. 2007;37(11):658-660.

14. Spairani L, Barbero M, Cescon C, et al. An 
electromyographic study of the vastii muscles during 
open and closed kinetic chain submaximal isometric 
exercises. Int J Sports Phys Ther. 2012;7(6):617-626.

15. Chen HY, Chien CC, Wu SK, Liau JJ, Jan MH. 
Electromechanical delay of the vastus medialis 
obliquus and vastus lateralis in individuals with 
patellofemoral pain syndrome. J Orthop Sports Phys 
Ther. 2012;42(9):791-796.

16. Eapen C, Nayak CD, Pazhyaottyil Zulfeequer C. 
Effect of eccentric isotonic quadriceps muscle 
exercises on patellofemoral pain syndrome: an 
exploratory pilot study. Asian J Sports Med. 
2011;2(4):227-234.

17. Mason M, Keays SL, Newcombe PA. The effect of 
taping, quadriceps strengthening and stretching 
prescribed separately or combined on patellofemoral 
pain. Physio Res Int. 2011;16(2):109-119.

18. Derasari A, Brindle TJ, Alter KE, Sheehan FT. 
McConnell taping shifts the patella inferiorly in 
patients with patellofemoral pain: a dynamic 
magnetic resonance imaging study. Phys Ther. 
2010;90(3):411-419.

19. Khayambashi K, Fallah A, Movahedi A, Bagwell J, 
Powers C. Posterolateral hip muscle strengthening 



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 474

versus quadriceps strengthening for patellofemoral 
pain: A comparative control trial. Arch Phys Med 
Rehab. 2014;95(5):900-907.

20. Bolga LA MT, Umberger BR, Uhl TL. Comparison of 
hip and knee strength and neuromuscular activity in 
subjects with and without patellofemoral pain 
syndrome.Int J Sports Ther. 2011;6(4):285-296.

21. Souza RB, Powers CM. Differences in hip kinematics, 
muscle strength, and muscle activation between 
subjects with and without patellofemoral pain. J 
Orthop Sports Phys Ther. 2009;39(1):12-19.

22. Khayambashi K MZ, Ghaznavi K, Lyle MA, Powers 
CM. The effects of isolated hip abductor and external 
rotator muscle strengthening on pain, health status, 
and hip strength in females with patellofemoral 
pain: a randomized controlled trial. J Orthop Sports 
Phys Ther. 2012;42(1):22-29.

23. Earl JE, Hoch AZ. A proximal strengthening 
program improves pain, function, and biomechanics 
in women with patellofemoral pain syndrome. Am J 
Sports Med. 2011;39(1):154-163.

24. Nakagawa TH, Muniz TB, Baldon Rde M, Dias Maciel 
C, de Menezes Reiff RB, Serrao FV. The effect of 
additional strengthening of hip abductor and lateral 
rotator muscles in patellofemoral pain syndrome: a 
randomized controlled pilot study. Clin Rehab 
2008;22(12):1051-1060.

25. Salsich GB, Graci V, Maxam DE. The effects of 
movement pattern modifi cation on lower extremity 
kinematics and pain in women with patellofemoral 
pain. J Orthop Sports Phys Ther. 2012;42(12):1017-1024.

26. Noehren B, Sanchez Z, Cunningham T, McKeon PO. 
The effect of pain on hip and knee kinematics 
during running in females with chronic 
patellofemoral pain. Gait Posture. 2012;36(3):596-599.

27. Noehren B, Hamill J, Davis I. Prospective Evidence 
for a Hip Etiology in Patellofemoral Pain. Med Sci 
Sports Exer. 2013;45(6):1120-4.

28. Wilson JD KT, Arndt RL, Reznichek DA, Scott Straker 
J. Gluteal muscle activation during running in 
females with and without patellofemoral pain 
syndrome. Clin Biomech (Bristol, Avon). 
2011;26(7):735-740.

29. Dierks TA, Manal KT, Hamill J, Davis I. Lower 
extremity kinematics in runners with patellofemoral 
pain during a prolonged run. Med Sci Sports Exerc. 
2011;43(4):693-700.

30. Willson JD, Petrowitz I, Butler RJ, Kernozek TW. 
Male and female gluteal muscle activity and lower 
extremity kinematics during running. Clin Biomech 
(Bristol, Avon). 2012;27(10):1052-1057.

31. Barton CJ, Lack S, Malliaras P, Morrissey D. Gluteal 
muscle activity and patellofemoral pain syndrome: a 

systematic review. Br J Sports Med.2013;47(4)207-
214.

32. Barton CJ, Levinger P, Webster KE, Menz HB. 
Walking kinematics in individuals with 
patellofemoral pain syndrome: a case-control study. 
Gait Posture. 2011;33(2):286-291.

33. Noehren B, Scholz J, Davis I. The effect of real-time 
gait retraining on hip kinematics, pain and function 
in subjects with patellofemoral pain syndrome. Br J 
Sports Med. 2011;45(9):691-696.

34. Piva SR, Fitzgerald K, Irrgang JJ, et al. Reliability of 
measures of impairments associated with 
patellofemoral pain syndrome. BMC Musculoskeletal 
Disord. 2006;7:33.

35. Piva SR GE, Childs JD. Strength around the hip and 
fl exibility of soft tissues in individuals with and 
without patellofemoral pain syndrome. J Orthop 
Sports Phys Ther. 2005;35(12):793-801.

36. Fredricson M YK. Physical Examination and 
Patellofemoral Pain Syndrome. Am J. Phys. Med. 
Rehabil. 2006;85(3):234-243.

37. Cibulka MT, Threlkeld-Watkins J. Patellofemoral 
pain and asymmetrical hip rotation. Phys Ther. 
2005;85(11):1201-1207.

38. Roberts TJ, Azizi E. Flexible mechanisms: the 
diverse roles of biological springs in vertebrate 
movement. J Exp Biol. 2011;214(Pt 3):353-361.

39. Lieber RL, Lieber RL. Skeletal Muscle Structure, 
Function & Plasticity :Tthe Physiological Basis of 
Rehabilitation. 3rd edition. Philadelphia: Lippincott 
Williams & Wilkins; 2010.

40. Franettovich MM, McPoil TG, Russell T, Skardoon G, 
Vicenzino B. The ability to predict dynamic foot 
posture from static measurements. J Am Podiatr 
Assoc. 2007;97(2):115-120.

41. Clapis PA, Davis RO. Reliability of inclinometer and 
goniometric measurements of hip extension 
fl exibility using the modifi ed Thomas test. Physio 
Theory Pract. 2008;24(2):135-141.

42. Roach S, San Juan JG, Suprak DN, Lyda M. 
Concurrent validity of digital inclinometer and 
universal goniometer in assessing passive hip 
mobility in healthy subjects. Int J Sports Phys Ther. 
2013;8(5):680-688.

43. Kendall FP ME, Provance P Muscles, Posture and Pain. 
Baltimore, MD: Williams and Wilkins; 1993.

44. Bartlett MD, Wolf LS, Shurtleff DB, Stahell LT. Hip 
fl exion contractures: A comparison of measurement 
methods. Arch Phys Med Rehabil. 1985;66(9):620-625.

45. Herrero P, Carrera P, Garcia E, Gomez-Trullen EM, 
Olivan-Blazquez B. Reliability of goniometric 
measurements in children with cerebral palsy: a 



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 475

comparative analysis of universal goniometer and 
electronic inclinometer. A pilot study. BMC 
Musculoskelet Disord. 2011;12:155.

46. Boyd BS. Measurement properties of a hand-held 
inclinometer during straight leg raise neurodynamic 
testing. Physiotherapy. 2012;98(2):174-179.

47. Long-Rossi F, Salsich GB. Pain and hip lateral rotator 
muscle strength contribute to functional status in 
females with patellofemoral pain. Physiother Theory 
Pract. 2010;15(1):57-64.

48. Rowe J, Shafer L, Kelley K, et al. Hip strength and 
knee pain in females. N Am J Sports Phys Ther. 
2007;2(3):164-169.

49. Magalhaes E, Silva AP, Sacramento SN, Martin RL, 
Fukuda TY. Isometric Strength Ratios of the Hip 
Musculature in Females with Patellofemoral Pain: A 
Comparison to Painfree Controls. J Strength Cond 
Res.2012;27(8):2165-70.

50. Ferber R, Kendall KD, Farr L. Changes in knee 
biomechanics after a hip-abductor strengthening 
protocol for runners with patellofemoral pain 
syndrome. J Athl Train. 2011;46(2):142-149.

51. Harvey D. Assessment of the fl exibility of elite 
athletes using the modifi ed Thomas test. Br J Sports 
Med. 1998;32(1):68-70.

52. Wang SS WS, Burdett RG, Janosky JE. . Lower 
extremity muscular fl exibility in long distance 
runners. J Orthop Spors Phys Ther. 1993;17(2):102-107.

53. Young W CP OL, Liddell D. . Relationship Between a 
Modifi ed Thomas Test and Leg Range of Motion in 
Australian-Rules Football Kicking. J. Sport Rehabil. . 
2003;12:343-350.

54. Gracovetsky S. The Spinal Engine Montreal: Serge 
Gracovetsky; 2008.

55. Perry J, Burnfi eld JM. Gait analysis : normal and 
pathological function. 2nd ed. Thorofare, NJ: SLACK.

56. Schache AG, Blanch PD, Murphy AT. Relation of 
anterior pelvic tilt during running to clinical and 
kinematic measures of hip extension. Br J Sports 
Med. 2000;34(4):279-283.

57. Moreside JM MS. Improvements in hip fl exibility do 
not transfer to mobility in fucntional movement 
patterns J Strength Cond Res. 2013;27(10):2635-2643.

58. Cibulka MT T-WJ. Patellofemoral pain and asymetrical 
hip rotation. Phys Ther. 2005;85(11):1201-1207.

59. Vad VB, Bhat AL, Basrai D, Gebeh A, Aspergren DD, 
Andrews JR. Low back pain in professional golfers: the 
role of associated hip and low back range-of-motion 
defi cits. Am J Sports Med. Mar 2004;32(2):494-497.

60. Van Dillen LR, Bloom NJ, Gombatto SP, Susco TM. 
Hip rotation range of motion in people with and 

without low back pain who participate in rotation-
related sports. Phys Ther Sport. May 2008;9(2):72-81.

61. Barbee-Ellison JB RS, Sahrmann SA. . Patterns of hip 
rotation range of motion: comparisons between 
healthy subjects and patients with low back pain. 
Phys Ther. 1990;70:537–541.

62. Byrne C, Twist C, Eston R. Neuromuscular function 
after exercise-induced muscle damage: theoretical and 
applied implications. Sports Med. 2004;34(1):49-69.

63. Simons DG. New views of myofascial trigger points: 
etiology and diagnosis. Arch Phys Med Rehabil. 
2008;89(1):157-159.

64. Lucas KR, Rich PA, Polus BI. Muscle activation 
patterns in the scapular positioning muscles during 
loaded scapular plane elevation: the effects of Latent 
Myofascial Trigger Points. Clin Biomech (Bristol, 
Avon). 2010;25(8):765-70.

65. Roach S, Sorenson E, Headley B, San Juan JG. 
Prevalence of Myofascial Trigger Points in the Hip in 
Patellofemoral Pain. Arch Phys Med Rehabil. 
2013;94(3):522-6.

66. Cibulka MT, Strube MJ, Meier D, et al. Symmetrical 
and asymmetrical hip rotation and its relationship to 
hip rotator muscle strength. Clin Biomech (Bristol, 
Avon). 2010;25(1):56-62.

67. 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;84(9):800-807.

68. Godges JJ, MacRae PG, Engelke KA. Effects of 
exercise on hip range of motion, trunk muscle 
performance, and gait economy. Phys Ther. 
1993;73(7):468-477.

69. Nussbaumer S, Leunig M, Glatthorn JF, Stauffacher 
S, Gerber H, Maffi uletti NA. Validity and test-retest 
reliability of manual goniometers for measuring 
passive hip range of motion in femoroacetabular 
impingement patients. BMC Musculoskelet Disord. 
2010;11:194.

70. Kendall FP, McCreary EK, Kendall HO. Muscles, 
testing and function. 3rd ed. Baltimore: Williams & 
Wilkins; 1983.

71. Kujala UM, Jaakkola LH, Koskinen SK, Taimela S, 
Hurme M, Nelimarkka O. Scoring of patellofemoral 
disorders. Arthroscopy. 1993;9(2):159-163.

72. Bellamy N, Buchanan WW, Goldsmith CH, Campbell 
J, Stitt LW. Validation study of WOMAC: a health 
status instrument for measuring clinically important 
patient relevant outcomes to antirheumatic drug 
therapy in patients with osteoarthritis of the hip or 
knee. J Rheumatol. 1988;15(12):1833-1840.



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 476

ABSTRACT
Background: Ankle bracing and rehabilitation are common methods to reduce the rate of recurrent ankle 
sprain in participants with chronic ankle instability (CAI). CAI participants utilize less muscle activity when 
performing functional exercises compared to healthy controls. The effect of ankle braces on muscle activity 
during functional exercises in participants with CAI has not been previously studied.

Purpose: To determine the effect of bracing on motor output as demonstrated by surface EMG amplitudes in 
participants with CAI during single limb, eyes closed balance, star excursion balance, forward lunge, and lateral 
hop exercises. 

Methods: A descriptive laboratory study was performed. Fifteen young adults with CAI performed functional 
exercises with and without ankle braces while surface EMG signals were recorded from the tibialis anterior, per-
oneus longus, lateral gastrocnemius, rectus femoris, biceps femoris, and gluteus medius. The main outcome 
measures were normalized surface EMG amplitudes (root mean square area) for each muscle, muscles of the 
shank (distal three muscles), muscles of the thigh (proximal three muscles), and total muscle activity (all six 
muscles) of the lower extremity. A paired t-test was performed for each dependent variable to compare condi-
tions. The level of significance was set a priori at p ≤ 0.05 for all analyses.

Results: During the forward lunge, bracing significantly reduced muscle activity pre-initial contact in the lateral 
gastrocnemius and post-initial contact in the peroneus longus. During the star excursion balance anterior reach 
the peroneus longus, lateral gastrocnemius, rectus femoris, and gluteus medius had significantly less muscle 
activity during braced trials. Bracing significantly reduced thigh and total muscle activity during the anterior 
reach and gluteus medius activity during the posterolateral reach. There were no differences between braced and 
unbraced conditions during the single limb eyes closed balance, star excursion balance posteromedial reach, or 
during lateral hop exercises. 

Conclusions: Clinicians should be aware of the decreased muscle activity that occurs during common rehabili-
tation exercises when patients with CAI complete those activities while wearing ankle braces. 

Level of Evidence: Level III

Key Words: Ankle brace, ankle sprain, therapeutic exercise
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INTRODUCTION
Ankle sprains are one of the most common mus-
culoskeletal injuries.1-3 Following an initial sprain, 
patients are more susceptible to future sprains,4 and 
up to 70% may have residual ankle symptoms that 
affect their quality of life.5,6 Patients that do not fully 
recover from the initial sprain develop a condition 
known as chronic ankle instability (CAI).7-9 CAI is 
defined by repetitive bouts of the ankle ‘giving way’ 
and self-reported functional limitations following at 
least one significant ankle sprain.9 

Self-reported functional deficits in patients with CAI 
have consistently been related to alterations in joint 
kinematics, kinetics, and motor control strategies just 
prior to and following ground contact during gait10-15 
and jump landing.16-19 Patients with CAI have more 
ankle inversion prior to ground contact,11,12 increased 
lateral loading,20 and demonstrate task dependent 
alterations in muscle activity during walking,14 func-
tional exercise,15 and drop jump maneuvers.21 When 
performing lunges and lateral hopping exercises, 
participants with CAI demonstrate decreased pre-
paratory and reflexive muscle activity, which may 
indicate muscle inhibition or an unconscious pro-
tective mechanism by which participants with CAI 
complete the exercises at lower intensities compared 
to healthy counterparts.15 Currently, neuromuscular 
re-education and the application of ankle braces are 
two of the commonly utilized methods for improv-
ing outcomes in patients with CAI.22 

Neuromuscular re-education is thought to be effec-
tive by improving balance and postural control.22,23 
Rehabilitation protocols for patients with CAI have 
been able to improve self-reported functional limita-
tions following the intervention.24-26 A recent random-
ized control trial compared neuromuscular training, 
prophylactic ankle bracing, and a combination of 
neuromuscular training and ankle bracing.27 The risk 
of recurrent sprain over a 12-month period was 50% 
less in patients that wore ankle braces for 12 months 
when compared to patients that underwent 8 weeks 
of home-based neuromuscular training.27 In this 
study, the combination group performed 8 weeks of 
unsupervised home-based neuromuscular training 
with 8 weeks of concurrent brace wear.27 The authors 
suggested that the effects of neuromuscular training 
would take full effect by eight weeks and that further 

brace wear would not be required.27 However, con-
current use of prophylactic ankle braces and eight 
weeks of un-supervised neuromuscular training, 
did not significantly reduce the risk of ankle sprain 
reoccurrence when compared to the neuromuscular 
training group alone or compared to 12 months of 
prophylactic bracing.27 

The exact mechanism by which ankle braces reduce 
the rate of ankle sprain has yet to be elucidated. Two 
broad theories for the mechanism are via passive 
mechanical support and/or improving sensorimotor 
function.28 A meta-analysis by Cordova et al.29 illus-
trates the effectiveness of ankle braces at mechani-
cally restricting range of motion. Ankle braces have 
also been shown to improve static30 and dynamic31 
balance in participants with ankle instability during 
single limb stance and the star excursion balance test 
(SEBT), respectively. However, braces either impair30,32 
or have no effect33 on balance in healthy participants. 
Hadadi et al30 speculated that the ability of braces to 
improve balance in CAI subjects, while decreasing 
balance in healthy individuals may be related to how 
each group’s proprioception and/or motor output is 
altered with the application of braces. 

A recent systematic review illustrated that ankle 
bracing or taping has no significant effect on proprio-
ceptive acuity as measured by joint position sense or 
threshold to movement detection.34 In terms of motor 
output, lace-up braces increase the peroneus longus 
stretch reflex amplitude immediately after applica-
tion and semi-rigid braces increase the peroneus 
longus amplitude after eight weeks of prolonged use 
in healthy subjects.35 However, the application of 
ankle braces does not appear to influence the motor 
neuron pool excitability of the peroneus longus in 
healthy subjects during an inversion perturbation.36 
During walking, Barlow et al37 identified that the 
application of ankle braces decreases the peroneus 
longus pre-contact muscle activity and decreases the 
duration of muscle activation in the peroneus lon-
gus and rectus femoris in CAI subjects. 

Despite the widespread use and acceptance of ankle 
braces in patients with a history of ankle sprain, 
there is limited research investigating the effect of 
ankle braces on motor output in participants with 
CAI during functional exercises. Understanding how 
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ankle braces influence motor output may provide 
insight into not only how ankle braces reduce the 
rate of recurrent ankle sprain but also the influence 
braces have on muscle activity when worn during 
functional rehabilitation following an ankle sprain 
or during neuromuscular training for prophylactic 
injury prevention. Therefore, the purpose of this 
study was to investigate the effect of ankle braces 
on motor output during single-limb eyes closed bal-
ance, star excursion balance, forward lunges, and lat-
eral hopping exercises in participants with CAI. 

METHODS

Design
A descriptive laboratory study was performed in which 
the independent variable was condition (brace, no 
brace) and the dependent variables were normalized 
surface electromyography (sEMG) root mean square 
(RMS) amplitudes for the tibialis anterior, peroneus 
longus, lateral gastrocnemius, rectus femoris, biceps 
femoris, and gluteus medius during single limb eyes 
closed balance, star excursion balance reach direc-
tions (anterior, posteromedial, and posterolateral), 
forward lunges, and lateral hops. To gain a more com-
prehensive understanding of lower extremity muscle 
activation normalized sEMG amplitudes for individual 
muscles were summed for the distal musculature (tib-
ialis anterior, peroneus longus, lateral gastrocnemius), 
proximal musculature (rectus femoris, biceps femoris, 
and gluteus medius), and total lower extremity mus-
culature (all six muscles) between conditions.

Subjects
Fifteen young adults with CAI participated. (Table 1) 
This study was part of a larger study and the same 

cohort has been previously reported in another 
manuscript investigating differences in normalized 
sEMG between CAI and healthy controls during the 
same functional exercises.15 Briefly, CAI participants 
had a history of more than one ankle sprain with the 
initial sprain occurring greater than one year prior 
to study onset and current self reported functional 
deficits due to ankle symptoms that were qualified 
by a score of <85% on the Foot and Ankle Abil-
ity Measure (FAAM) sport scale. Participants were 
excluded if they had an ankle sprain within the six 
weeks prior to study onset, history of lower extrem-
ity injury or surgery, balance disorders, neuropa-
thies, diabetes, or other conditions known to affect 
balance. Subjects provided informed consent and 
the study was approved by the University of Virgin-
ia’s institutional review board.

Instruments
Surface EMG signals were collected from disposable, 
pre-gelled 10 mm round Ag-AgCl electrodes (EL 503 
Biopac Systems, Inc., Goleta, CA) and amplified with 
a high-gain, differential-input biopotential amplifier 
with a gain of 1000 and digitized with a 16-bit data 
acquisition system (MP 150, Biopac Systems) at 2000 
Hz with a common-mode rejection ratio of 110 dB, an 
input impedance of 1.0 MΩ, and a noise voltage of 
0.2 mV. Acqknowledge software (v.4.0, Cambridge, 
England) was used for data collection and processing 
of EMG signals. The EMG data was collected using 
real time processing with a 10-500 Hz band pass fil-
ter and a 10 sample moving average RMS algorithm. 
A foot switch (BN-STRIKE-XDCR, Biopac Systems) 
was used to identify ground contact during the star 
excursion balance, forward lunge, and lateral hop-

Table 1. Subject Demographics

       Mean (Standard Deviation) 
Age (years)      23 (4.2)    
Height (centimeters)     173 (10.8)    
Mass (kilograms)     72.4 (14)    
Gender       Male:5, Female:10   
# of previous sprains     4.5 (3.2)    
Time since last sprain (months)   15.2 (9.3)    
Godin Score      94 (47)     
FAAM ADL      87.2 (7.1)    
FAAM Sport      68.5 (5.7)    _______________________________________________________________________
Godin Score= Godin Leisure-Time Exercise Questionnaire score 
FAAM ADL= Foot and Ankle Ability Measure Activities of Daily Living scale score 
FAAM Sport =Foot and Ankle Ability Measure Sport sub-scale score 
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ping exercises. All subjects wore standard athletic 
shoes for all exercises (New Balance, Brighton, MA, 
X755WB). During the braced condition, all subjects 
used the same lace-up ankle brace (McDavid Ultra-
light 195, McDavid Inc., Woodridge, IL).

Testing Procedures
Using previously described methods15 and ISEK rec-
ommendations,38 surface electrodes were placed 2 
cm apart on all 6 muscles parallel to muscle fiber ori-
entation. Electrodes were placed over the middle of 
the muscle belly as determined by palpation during a 
voluntary contraction against manual resistance. All 
participants performed a warm up by walking at a 
self-selected pace for 5 minutes. Maximal voluntary 
isometric contractions against manual resistance 
were recorded for each muscle for normalization of 
sEMG amplitudes during testing trials. The order 
of conditions (brace and no brace) was randomized 
for each participant. The research team applied 
the support straps and inspected the brace for an 
appropriate fit prior to testing. Participants were 
allowed to tighten the ankle braces prior to testing, 
based on their level of comfort, and throughout test-
ing if required. Brace tightness was not monitored 
throughout testing. The research team and partici-
pants were not blinded for any part of this study and 
participants were given as much time between con-
ditions as needed, however, no participant required 
more than five minutes of rest. 

Exercises
Standardized exercises were performed as described 
previously.15 Briefly, participants performed at 
least three but no more than five practice trials for 
each exercise. For all exercises, failed trials15 were 
repeated until the desired number of repetitions was 
achieved. The order of brace condition was random-
ized. Randomization was predetermined to ensure 
a balanced study design, but the order of the exer-
cises performed within each condition was done 
in the same order for each participant. Due to the 
low volume of exercises performed, there was not a 
predetermined rest period between exercises. The 
exercises were completed in the order of which they 
are described below. Only the involved limb was 
tested for each exercise, however, braces were worn 
bilaterally. 

Five consecutive forward lunges15 were performed 
and the lead leg was the test limb. Single limb eyes 
closed balance15 was performed on a stable surface 
for 15 seconds with the stance limb as the test limb. 
Star excursion balance15 was performed three times 
each in the anterior, posteromedial, and posterolat-
eral reach directions with the stance limb as the test 
limb. Reach distance was not standardized as sub-
jects were instructed to reach as far as possible dur-
ing each repetition. Lateral hops were performed 
over a 1.5-inch line at a rate of 110 hops per minute 
for 20 seconds. Lateral hopping rate was standard-
ized to the beat of a metronome. 

Data Processing

Forward Lunges
The middle three lunges of the five consecutive 
lunge trials were analyzed. A 50 ms epoch imme-
diately prior to initial contact was used to calculate 
the pre-initial contact area under the RMS curve. A 
100 ms epoch immediately following initial contact 
was used to calculate the post-initial contact area 
under the RMS curve. Lunge amplitudes were nor-
malized to respective MVIC epochs. 

Single Limb Eyes Closed Balance
A three second epoch during the middle of the single 
limb eyes closed balance trial was analyzed. The area 
under the RMS curve was calculated and normalized 
to a three second MVIC epoch for each muscle. 

Star Excursion Balance Test
A 500 ms epoch just prior to maximum excursion was 
averaged over three trials for each of the three reach 
directions. Maximum excursion was defined as the 
time at which the contralateral limb’s toe touched 
down for a reach distance to be recorded. The aver-
age area under the RMS curve over the three trials was 
normalized to a 500 ms MVIC epoch for each muscle. 

Lateral Hops
Six total consecutive hops (3 in each direction) were 
selected from the middle of the lateral hopping trial. 
A 50 ms epoch immediately prior to initial contact 
was used to calculate the pre-initial contact area 
under the RMS curve. A 100 ms epoch immediately 
following initial contact was used to calculate the 
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post-initial contact area under the RMS curve. Lat-
eral hopping amplitudes were normalized to respec-
tive MVIC epochs. 

Distal, Proximal, and Total Muscle Activity
To gain a more comprehensive understanding of the 
sEMG activity of the entire lower extremity during 
each exercise the normalized muscle activity of the 
distal, proximal, and entire lower extremity were 
summed and analyzed as separate dependent vari-
ables for each exercise as described below. 

Statistical analysis
The independent variable was condition (brace and 
no brace) and the main outcome measures were 
sEMG RMS areas for a predetermined epoch for each 
exercise. Each individual muscle, the sum of the 
three distal muscles, the sum of the three proximal 
muscles, and the sum of all six muscles were treated 
as separate dependent variables. A paired t-test was 
performed for each dependent variable to compare 
conditions. The level of significance was set a priori 
at p ≤ 0.05 for all analyses. Per contemporary statisti-
cal recommendations,39 the p-level was not adjusted 
for multiple comparisons. Instead, in addition to 

inferential statistical comparisons, Cohen’s d effect 
sizes and associated 95% confidence intervals were 
calculated to estimate the magnitude and precision 
of condition differences for each measure. Effect 
sizes were interpreted as ≥ 0.80 was large, 0.50-0.79 
was moderate, 0.20-0.49 was small, and <0.20 was 
trivial.40 Negative effect sizes indicated decreased 
muscle activation in the braced condition. Positive 
effect sizes indicated increased muscle activation 
in the braced condition. Data were analyzed using 
Statistical Package for Social Sciences (SPSS) Version 
20.0 (SPSS, Inc, Chicago, IL).

RESULTS
Participants with CAI had significantly less muscle 
activity during braced trials pre-initial contact in the 
lateral gastrocnemius and post-initial contact in the 
peroneus longus during the forward lunge. (Table 2) 
No other differences were identified in individual 
muscles or for groups of muscles during lunge trials. 
During single limb eyes closed balance trials, no dif-
ferences were identified between brace and no brace 
conditions. (Table 3) For the star excursion balance 
anterior reach the peroneus longus, lateral gastroc-
nemius, rectus femoris, and gluteus medius had sig-

Table 2. Effect of Ankle Braces on Muscle Activation Patterns during the Forward Lunge Exercise

amixorP/latsiDnoitavitcAelcsuMdetalosI noitavitcAelcsuMlatoTnoitavitcAelcsuMl

Muscles No Brace 
Mean±SD 

Brace 
Mean±SD 

p-value 
ES (95% CI) 

No Brace 
Mean±SD 

Brace 
Mean±SD 

p-value 
ES (95% CI) 

No Brace 
Mean±SD 

Brace 
Mean±SD 

p-value 
ES (95% CI) 

Anterior 
Tibialis 

Pre-IC 

Post-IC 

0.57±0.46 

0.59±0.60 

0.58±0.46 

0.60±0.36 

.87 
0.01 (-0.70, 0.73) 

.99 
0.00 (-0.71, 0.72) 

Peroneus 
Longus 

Pre-IC 

Post-IC 

0.24±0.14 

0.35±0.17 

0.22±0.13 

0.30±0.15 

.19 
-0.19 (-0.91, 0.53) 

.03* 
-0.32 (-1.04, 0.40) 

Pre-IC 

Post-IC 

1.21±0.73 

1.29±0.75 

1.10±0.70 

1.20±0.52 

.12 
-0.14 (-0.86, 0.57) 

.39 
-0.15 (-0.86, 0.57) 

Lateral 
Gastrocnemius 

Pre-IC 

Post-IC 

0.39±0.35 

0.35±0.22 

0.31±0.37 

0.30±0.22 

.03* 
-0.23 (-0.95, 0.49) 

.23 
-0.20 (-0.92, 0.52) 

Rectus  
Femoris 

Pre-IC 

Post-IC 

0.14±0.09 

0.24±0.17 

0.13±0.09 

0.25±0.14 

.98 
0.00 (-0.72, 0.71) 

.39 
0.09 (-0.63, 0.81) 

Pre-IC 

Post-IC 

1.58±0.76 

1.82±0.87 

1.47±0.70 

1.77±0.67 

.15 
-0.15 (-0.87, 0.57) 

.60 
-0.06 (-0.78, 0.65) 

Biceps  
Femoris 

Pre-IC 

Post-IC 

0.14±0.07 

0.13±0.05 

0.12±0.06 

0.13±0.05 

.23 
-0.25 (-0.97, 0.47) 

.58 
0.08 (-0.64, 0.80) 

Pre-IC 

Post-IC 

0.37±0.16 

0.53±0.25 

0.36±0.14 

0.57±0.26 

.68 
-0.05 (-0.77, 0.67) 

.16 
0.16 (-0.56, 0.88) 

Gluteus  
Medius 

Pre-IC 

Post-IC 

0.10±0.06 

0.17±0.10 

0.11±0.06 

0.20±0.13 

.41 
0.14 (-0.58, 0.85) 

.28 
0.22 (-0.50, 0.93) 

p-values are for paired t-Test Statistical Results – Level of significance set a priori at p≤0.05, * denotes significant difference between brace and no brace conditions. 
ES= Cohen’s d Effect Sizes and CI= 95% Confidence Intervals Note: Negative ES indicates decreased muscle activity in braced condition 
Positive ES indicates increased muscle activity in braced condition  
SD – Standard Deviation 
Pre-IC= Pre-Initial Contact Root Mean Square area 50ms 
Post-IC= Post-Initial Contact Root Mean Square area 100ms 
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nificantly less muscle activity during braced trials. 
There was also significantly less muscle activity in 
the brace condition for the thigh and total muscle 
activity during the star excursion balance anterior 
reach. (Table 4) Gluteus medius muscle activity 
during braced trials was significantly reduced dur-
ing the star excursion balance posterolateral reach. 
(Table 4) There were no significant differences 
between braced and no brace conditions during the 
star excursion balance posteromedial reach (Table 4) 
or the lateral hop exercises. (Table 5) 

DISCUSSION
Decreases in muscle activity were identified dur-
ing common rehabilitation exercises in participants 
with CAI while wearing lace-up ankle braces. Defi-
cits in muscle activity had effect sizes that ranged 
from trivial to moderate. Ankle braces caused mod-
erate decreases in muscle activity during dynamic 
balance as well as small decreases in muscle activity 
pre and post-initial contact during forward lunges. 
There were no differences in muscle activity dur-
ing single limb eyes closed balance or during lateral 
hopping exercises. 

Previous authors have indicated that ankle braces 
undoubtedly restrict ankle ROM29,41,42 and do not 
appear to influence measures of proprioception.34 
Furthermore, ankle braces have been shown to 
increase the peroneus longus Hoffman reflex while 
seated with a neutral foot position,43 but have no 
effect on the Hoffman reflex when analyzed dur-
ing an inversion perturbation.36 However, this is the 

first study to analyze the effect ankle braces have on 
motor output during functional exercises in CAI par-
ticipants. These findings are relevant to clinicians 
who prescribe rehabilitation exercises to patients 
with a history of recurrent ankle sprain or health-
care professionals who promote neuromuscular 
training for prophylactic ankle sprain injury preven-
tion. Furthermore, these results can help clinicians 
decide whether it is appropriate for patients with 
CAI to wear ankle braces when performing func-
tional exercises. 

Previous authors have analyzed the effect of ankle 
braces on static and dynamic balance performance in 
subjects with ankle instability.30,31 CAI subjects have 
consistently demonstrated deficits in single limb 
static balance trials as well as during dynamic bal-
ance as measured by the SEBT.44,45 When performing 
these tasks while wearing ankle braces, CAI subjects 
demonstrate improvements in postural control.30,31 
Even though balance performance was not an out-
come analyzed in the current study, reach distances 
were recorded during star excursion balance, and 
there were no significant differences in the distance 
reached between conditions. However, the current 
results suggest that wearing ankle braces does not 
enhance motor output while performing these bal-
ance tasks. 

During the forward lunge, small decreases in lateral 
gastrocnemius activity were identified prior to ground 
contact and small decreases in peroneus longus 
activity following ground contact. At the ankle, dur-

Table 3. Effect of Ankle Braces on Muscle Activation Patterns during Single Limb, Eyes Closed Balance Exercise

amixorP/latsiDnoitavitcAelcsuMdetalosI noitavitcAelcsuMlatoTnoitavitcAelcsuMl

Muscles 
No Brace 
Mean±SD 

Brace  
Mean±SD 

p-value 
ES (95% CI) 

No Brace  
Mean±SD 

Brace  
Mean±SD 

p-value 
ES (95% CI) 

No Brace 
Mean±SD 

 Brace  
Mean±SD 

p-value 
ES (95% CI) 

Anterior Tibialis 0.43±0.37 0.49±0.41 .16 
0.15 (-0.56, 0.87) 

Peroneus Longus 0.46±0.21 0.41±0.20 .47 
-0.21 (-0.93, 0.50) 1.14±0.48 1.16±0.57 .82 

0.04 (-0.67, 0.76) 

Lateral Gastrocnemius 0.25±0.11 0.26±0.14 .78 
0.05 (-0.66, 0.77) 

Rectus Femoris 0.10±0.09 0.09±0.07 .52 
-0.11 (-0.82, 0.61) 

1.46±0.53 1.47±0.65 .92 
0.02 (-0.69, 0.74) 

Biceps Femoris 0.06±0.07 0.07±0.04 .47 
0.16 (-0.56, 0.88) 0.32±0.16 0.31±0.13 .79 

-0.07 (-0.78, 0.65) 

Gluteus Medius 0.16±0.11 0.15±0.09 .66 
-0.10 (-0.82, 0.62) 

p-values are for paired T-Test Statistical Results – Level of significance set a priori at p≤0.05 
Cohen’s d Effect Sizes (ES) and 95% Confidence Intervals (CI) 
SD – Standard Deviation 
Negative ES indicates decreased muscle activity in braced condition 
Positive ES indicates increased muscle activity in braced condition 



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 482

Ta
b
le

 4
. 

E
ffe

ct
 o

f A
nk

le
 B

ra
ce

s 
on

 M
us

cl
e 

A
ct

iv
at

io
n 

Pa
tte

rn
s 

du
ri

ng
 S

ta
r 

E
xc

ur
si

on
 B

al
an

ce
 R

ea
ch

in
g 

E
xe

rc
is

e

a
mi xorP/latsi

D
noita vitc

A
elcsu

M
det alosI

noitavitc
A

elcsu
M lato T

noi tavitc
A

elcsu
M l

M
us

cl
es

R
ea

ch
 

D
ire

ct
io

n 
N

o 
B

ra
ce

 
M

ea
n±

SD
 

B
ra

ce
 

M
ea

n±
SD

p-
va

lu
e 

ES
 (9

5%
 C

I)
 

R
ea

ch
 

D
ire

ct
io

n 
N

o 
B

ra
ce

 
M

ea
n±

SD
B

ra
ce

 
M

ea
n±

SD
p-

va
lu

e 
ES

 (9
5%

 C
I)

 
R

ea
ch

 
D

ire
ct

io
n 

N
o 

B
ra

ce
 

M
ea

n±
SD

B
ra

ce
 

M
ea

n±
SD

p-
va

lu
e 

ES
 (9

5%
 C

I)
 

A
nt

er
io

r  
Ti

bi
al

is
 

A
nt

er
io

r 

Po
st

er
om

ed
ia

l 

Po
st

er
ol

at
er

al
 

0.
58

±0
.7

3 

0.
63

±0
.5

9 

0.
99

±0
.9

8 

0.
43

±0
.2

6 

0.
54

±0
.3

5 

0.
94

±0
.7

6

.3
3 

-0
.2

7 
(-

0.
99

, 0
.4

5)
 

.2
9 

-0
.1

9 
(-

0.
90

, 0
.5

3)
 

.5
6 

-0
.0

6 
(-

0.
78

, 0
.6

6)
 

Pe
ro

ne
us

 L
on

gu
s 

A
nt

er
io

r 

Po
st

er
om

ed
ia

l 

Po
st

er
ol

at
er

al
 

0.
49

±0
.2

0 

0.
36

±0
.1

3 

0.
38

±0
.1

7 

0.
36

±0
.1

9 

0.
32

±0
.0

9 

0.
38

±0
.1

7

.0
01

* 
-0

.6
5 

(-
1.

38
, 0

.0
8)

 
.0

8 
-0

.3
8 

(-
1.

10
, 0

.3
4)

 
.8

7 
-0

.0
4 

(-
0.

76
, 0

.6
7)

 

A
nt

er
io

r 

Po
st

er
om

ed
ia

l

Po
st

er
ol

at
er

al
 

1.
46

±0
.8

7 

1.
18

±0
.6

9 

1.
60

±1
.1

5

1.
14

±0
.3

7 

1.
04

±0
.3

8 

1.
52

±0
.9

1 

.0
7 

-0
.4

8 
(-

1.
20

, 0
.2

5)
.1

6 
-0

.2
7 

(-
0.

99
, 0

.4
5)

.5
1 

-0
.0

8 
(-

0.
79

, 0
.6

4)

La
te

ra
l G

as
tro

cn
em

iu
s 

A
nt

er
io

r 

Po
st

er
om

ed
ia

l 

Po
st

er
ol

at
er

al
 

0.
39

±0
.2

7 

0.
19

±0
.1

1 

0.
23

±0
.1

0 

0.
35

±0
.2

5

0.
17

±0
.1

0

0.
21

±0
.1

2

.0
1*

 
-0

.1
8 

(-
0.

90
, 0

.5
4)

 
.3

8 
-0

.1
6 

(-
0.

88
, 0

.5
6)

 
.3

2 
-0

.1
6 

(-
0.

88
, 0

.5
5)

 

R
ec

tu
s  

Fe
m

or
is

 

A
nt

er
io

r 

Po
st

er
om

ed
ia

l 

Po
st

er
ol

at
er

al
 

0.
42

±0
.2

2 

0.
53

±0
.2

7 

0.
54

±0
.3

0 

0.
35

±0
.2

2

0.
53

±0
.2

6

0.
49

±0
.2

0

.0
1*

 
-0

.3
5 

(-
1.

07
, 0

.3
7)

 
.9

8 
0.

00
 (-

0.
72

, 0
.7

1)
 

.4
4 

-0
.1

8 
(-

0.
89

, 0
.5

4)
 

A
nt

er
io

r 

Po
st

er
om

ed
ia

l

Po
st

er
ol

at
er

al

2.
22

±0
.9

6

2.
09

±0
.8

2

2.
52

±1
.1

7

1.
77

±0
.5

0

1.
91

±0
.5

3

2.
37

±0
.9

0 

.0
2*

 
-0

.5
9 

(-
1.

32
, 0

.1
4)

 
.1

5 
-0

.2
7 

(-
0.

99
, 0

.4
5)

 
.3

2 
-0

.1
5 

(-
0.

87
, 0

.5
6)

 

B
ic

ep
s  

Fe
m

or
is

 

A
nt

er
io

r 

Po
st

er
om

ed
ia

l 

Po
st

er
ol

at
er

al
 

0.
17

±0
.0

7 

0.
11

±0
.0

6 

0.
16

±0
.0

8 

0.
15

±0
.0

7 

0.
11

±0
.0

4 

0.
16

±0
.0

7

.0
6 

-0
.2

4 
(-

0.
95

, 0
.4

8)
 

.3
0 

-0
.1

2 
(-

0.
84

, 0
.5

9)
 

.4
4 

0.
11

 (-
0.

60
, 0

.8
3)

 

A
nt

er
io

r 

Po
st

er
om

ed
ia

l

Po
st

er
ol

at
er

al
 

0.
76

±0
.3

6 

0.
91

±0
.3

6 

0.
92

±0
.4

4

0.
63

±0
.3

3 

0.
87

±0
.3

4 

0.
84

±0
.2

6 

<.
00

1*
 

-0
.3

7 
(-

1.
09

, 0
.3

5)
.4

4 
-0

.1
2 

(-
0.

83
, 0

.6
0)

.2
5 

-0
.2

3 
(-

0.
95

, 0
.4

9)

G
lu

te
us

  
M

ed
iu

s 

A
nt

er
io

r 

Po
st

er
om

ed
ia

l 

Po
st

er
ol

at
er

al
 

0.
17

±0
.1

2 

0.
26

±0
.1

3 

0.
23

±0
.1

5 

0.
13

±0
.0

8 

0.
23

±0
.1

2 

0.
19

±0
.0

1

.0
4*

 
-0

.3
5 

(-
1.

07
, 0

.3
7)

 
.1

1 
-0

.2
6 

(-
0.

98
, 0

.4
6)

 
.0

4*
 

-0
.5

3 
(-

1.
08

, 0
.3

7)
 

p-
va

lu
es

 a
re

 fo
r p

ai
re

d 
T-

Te
st

 S
ta

tis
tic

al
 R

es
ul

ts
 –

 L
ev

el
 o

f s
ig

ni
fic

an
ce

 se
t a

 p
ri

or
i a

t p
≤0

.0
5,

 *
 d

en
ot

es
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

br
ac

e 
an

d 
no

 b
ra

ce
 

ES
= 

C
oh

en
’s

 d
 E

ff
ec

t S
iz

es
 a

nd
 C

I=
 9

5%
 C

on
fid

en
ce

 In
te

rv
al

s N
ot

e:
 N

eg
at

iv
e 

ES
 in

di
ca

te
s d

ec
re

as
ed

 m
us

cl
e 

ac
tiv

ity
 in

 b
ra

ce
d 

co
nd

iti
on

 
Po

si
tiv

e 
ES

 in
di

ca
te

s i
nc

re
as

ed
 m

us
c l

e 
ac

tiv
ity

 in
 b

ra
ce

d 
co

nd
iti

on
  

SD
 –

 S
ta

nd
ar

d 
D

ev
ia

tio
n 



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 483

Ta
b
le

 5
. 

E
ffe

ct
 o

f A
nk

le
 B

ra
ce

s 
on

 M
us

cl
e 

A
ct

iv
at

io
n 

Pa
tte

rn
s 

du
ri

ng
 p

er
fo

rm
an

ce
 o

f t
he

 L
at

er
al

 H
op

 E
xe

rc
is

e

 
 

Is
ol

at
ed

 M
us

cl
e 

A
ct

iv
at

io
n 

 
D

is
ta

l/P
ro

xi
m

al
 M

us
cl

e 
A

ct
iv

at
io

n 
 

To
ta

l M
us

cl
e 

A
ct

iv
at

io
n 

M
us

cl
es

N
o 

B
ra

ce
 

M
ea

n±
SD

 
B

ra
ce

 
M

ea
n±

SD
 

p-
va

lu
e 

ES
 (9

5%
 C

I)
 

N
o 

B
ra

ce
 

M
ea

n±
SD

 
B

ra
ce

 
M

ea
n±

SD
 

p-
va

lu
e 

ES
 (9

5%
 C

I)
 

N
o 

B
ra

ce
 

M
ea

n±
SD

 
B

ra
ce

 
M

ea
n±

SD
 

p-
va

lu
e 

ES
 (9

5%
 C

I)
 

A
nt

er
io

r T
ib

ia
lis

 
Pr

e-
IC

 

Po
st

-I
C

 

0.
29

±0
.2

3 

0.
45

±0
.4

4 

0.
38

±0
.4

6 

0.
57

±0
.7

9 

.2
1 

0.
25

 (-
0.

46
, 0

.9
7)

 
.3

0 
0.

20
 (-

0.
52

, 0
.9

1)
 

Pe
ro

ne
us

 L
on

gu
s 

Pr
e-

IC
 

Po
st

-I
C

 

0.
50

±0
.1

7 

0.
73

±0
.2

9 

0.
52

±0
.2

3 

0.
68

±0
.4

4 

.6
7 

0.
07

 (-
0.

64
, 0

.7
9)

 
.4

0 
-0

.1
3 

(-
0.

84
, 0

.5
9)

 

Pr
e-

IC
 

Po
st

-I
C

 

1.
62

±0
.6

8 

2.
38

±1
.3

9 

1.
87

±0
.9

8 

2.
36

±1
.4

9 

.0
9 

0.
29

 (-
0.

43
, 1

.0
1)

 
.9

4 
-0

.0
1 

(-
0.

73
, 0

.7
0)

 

La
te

ra
l G

as
tro

cn
em

iu
s 

Pr
e-

IC
 

Po
st

-I
C

 

0.
83

±0
.5

3 

1.
21

±1
.1

8 

0.
97

±0
.7

3 

1.
11

±0
.8

4 

.1
7 

0.
22

 (-
0.

50
, 0

.9
4)

 
.4

3 
-0

.0
9 

(-
0.

81
, 0

.6
2)

 

R
ec

tu
s  

Fe
m

or
is

 

Pr
e-

IC
 

Po
st

-I
C

 

0.
27

±0
.3

7 

0.
64

±0
.4

6 

0.
26

±0
.1

9 

0.
63

±0
.3

6 

.8
6 

-0
.0

5 
(-

0.
76

, 0
.6

7)
 

.9
2 

-0
.0

1 
(-

0.
73

, 0
.7

0)
 

Pr
e-

IC
 

Po
st

-I
C

 

2.
62

±0
.9

7 

3.
94

±1
.6

9 

2.
90

±1
.0

7 

3.
94

±1
.9

1 

.1
3 

0.
27

 (-
0.

45
, 0

.9
9)

 
.9

9 
0.

00
 (-

0.
71

, 0
.7

2)

B
ic

ep
s  

Fe
m

or
is

 

Pr
e-

IC
 

Po
st

-I
C

 

0.
37

±0
.1

9 

0.
31

±0
.2

5 

0.
41

±0
.2

4 

0.
30

±0
.1

9 

.2
0 

0.
20

 (-
0.

52
, 0

.9
1)

 
.8

3 
-0

.0
3 

(-
0.

75
, 0

.6
9)

 

Pr
e-

IC
 

Po
st

-I
C

 

1.
00

±0
.4

9 

1.
56

±0
.7

6 

1.
03

±0
.3

9 

1.
58

±0
.7

2 

.7
9 

0.
06

 (-
0.

65
, 0

.7
8)

 
.8

5 
0.

03
 (-

0.
69

, 0
.7

4)
 

G
lu

te
us

  
M

ed
iu

s 

Pr
e-

IC
 

Po
st

-I
C

 

0.
36

±0
.2

0 

0.
61

±0
.2

5 

0.
36

±0
.1

5 

0.
65

±0
.3

5 

.9
7 

-0
.0

1 
(-

0.
73

, 0
.7

1)
 

.6
4 

0.
11

 (-
0.

60
, 0

.8
3)

 
p-

va
lu

es
 a

re
 fo

r p
ai

re
d 

t-T
es

t S
ta

tis
tic

al
 R

es
ul

ts
 –

 L
ev

el
 o

f s
ig

ni
fic

an
ce

 se
t a

 p
ri

or
i a

t p
≤0

.0
5,

 *
 d

en
ot

es
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

br
ac

e 
an

d 
no

 b
ra

ce
 c

on
di

tio
ns

. 
ES

= 
C

oh
en

’s
 d

 E
ff

ec
t S

iz
es

 a
nd

 C
I=

 9
5%

 C
on

fid
en

ce
 In

te
rv

al
s N

ot
e:

 N
eg

at
iv

e 
ES

 in
di

ca
te

s d
ec

re
as

ed
 m

us
cl

e 
ac

tiv
ity

 in
 b

ra
ce

d 
co

nd
iti

on
 

Po
si

tiv
e 

ES
 in

di
ca

te
s i

nc
re

as
ed

 m
us

cl
e 

ac
tiv

ity
 in

 b
ra

ce
d 

co
nd

iti
on

  
SD

 –
 S

ta
nd

ar
d 

D
ev

ia
tio

n 
Pr

e-
IC

= 
Pr

e-
In

iti
al

 C
on

ta
ct

 R
oo

t M
ea

n 
Sq

ua
re

 a
re

a 
50

m
s 

Po
st

-I
C

= 
Po

st
-I

ni
tia

l C
on

ta
ct

 R
oo

t M
ea

n 
Sq

ua
re

 a
re

a 
10

0m
s 



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 484

ing the 50 ms prior to initial contact and the 100 ms
following initial contact, the forward lunge is compa-
rable to ground contact during gait where a heel to 
toe pattern is followed. In CAI subjects during gait, 
bracing elicits a similar decrease in peroneus lon-
gus muscle activity pre-initial contact.37 CAI subjects 
have been shown to be more inverted just prior to 
and immediately following heel strike.11,12 Activity 
of the peroneus longus prior to heel strike in CAI 
subjects has been speculated as a coping strategy to 
decrease the excessive inversion identified during 
this phase of gait.14 While the timing of the bracing 
effect relative to initial contact (pre vs. post initial 
contact) is different in the lunge compared to gait, 
both instances of decreased peroneus longus activity 
indicate that the ankle brace is aiding in the role of 
the peroneus longus during heel to toe weight accep-
tance tasks. This decreased peroneus longus muscle 
activity suggests that the brace is aiding in the foot 
and ankle frontal plane alignment prior to initial con-
tact or providing mechanical resistance to inversion 
at and following ground contact. This theory is sup-
ported by previous authors that analyzed the effect 
of ankle bracing on rearfoot motion during sudden 
inversion.41 In this study,41 lace-up ankle braces sig-
nificantly limited rearfoot angular displacement and 
velocity, which without the ankle braces would be 
dependent upon lateral ankle ligaments and lateral 
shank musculature. However, if the goal of rehabili-
tation is to decrease the reliance of the peroneus lon-
gus on mechanical support for proper foot alignment 
and dynamic support of the lateral ankle, then the 
current results suggest wearing ankle braces during 
these controlled tasks is not indicated. 

Due to the pronounced effect ankle braces have at 
reducing the rate of ankle sprain,27,46,47 many patients 
with ankle instability wear ankle braces at all times 
during exercise, including during neuromuscular 
training tasks designed for prophylactic ankle sprain 
prevention and functional rehabilitation while pro-
gressing back to sport following initial or recurrent 
ankle sprain. This same cohort, when compared to 
healthy counterparts,15 demonstrated moderate to 
large decreases in muscle activity during the same 
exercises analyzed in this study. These previous 
results indicated that clinicians should introduce 
various constraints during rehabilitation for patients 

with CAI to elicit increased muscle activity.15 There-
fore, the decreased muscle activity in participants 
with CAI while wearing braces may indicate that 
wearing ankle braces during neuromuscular train-
ing may be counterproductive to the goals associ-
ated with the prescribed exercises. Future research 
should analyze changes in muscle activity during 
functional exercises following a structured rehabili-
tation program for patients with CAI and after pro-
longed use of ankle braces. 

While the authors’ cannot speculate on the effect 
ankle braces may have on muscle activity in uncon-
trolled athletic environments, the results suggest that 
wearing ankle braces during neuromuscular training 
or rehabilitation exercises does not increase muscle 
activity. Pevious results15 indicate patients with CAI 
have less muscle activity during functional exercises 
and the current results indicate ankle braces do 
not improve upon that deficit. Similar results were 
reported by Zinder et al,48 who found ankle braces 
increased rotational ankle stiffness in participants 
with ankle instability, but the increased rotational 
stiffness was not due to increased pre-activation of 
ankle musculature. Similarly, in healthy subjects, 
the application of ankle braces does not improve 
peroneus longus motor output during lateral shuf-
fling.49 Cordova and Ingersoll35 demonstrated that the 
peroneus longus stretch reflex amplitude is higher 
immediately following brace application in healthy 
subjects, but to the authors’ knowledge these results 
have not been replicated in patients with CAI. How-
ever, authors have discussed the importance of foot 
position prior to ground contact as a very important 
factor that may contribute to ankle sprain preven-
tion,50 as the peroneus longus stretch reflex does 
not appear to be quick enough to prevent an ankle 
sprain from occurring.51 Wright et al52 indicated that 
increased plantar flexion prior to ground contact 
increases the susceptibility to ankle sprains. Others 
have demonstrated that external ankle support can 
decrease plantarflexion at and following initial con-
tact.53,54 Furthermore, Eils et al50 compared various 
models of ankle braces and found that the braces 
that restricted inversion most effectively prior to 
ground contact exhibited less inversion and slower 
inversion velocities after contact. These previous 
studies did not concurrently analyze the effect of 
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bracing or the effect of the altered joint position on 
muscle activity prior to or following ground contact. 
These results coupled with the current results, indi-
cate that the more favorable alignment prior to ini-
tial contact,50,54,55 decreased angular velocities,41 and 
decreased ROM29,41,42 seen with bracing are likely 
due to mechanical restraint and not improvements 
in muscle recruitment. 

LIMITATIONS
Limitations of the current study include the short-
term application of ankle braces on muscle activity 
and thus these results cannot be generalized to pro-
longed ankle brace use. Additionally, this study was 
part of a larger study that compared muscle activity 
between CAI and controls during gait. The a priori 
sample size estimate was performed to identify gait 
differences and the relatively small sample size in 
the current study increases the potential risk of type 
II error in comparisons where statistical significance 
was not found. Specifically, in regards to the star excur-
sion balance and lateral hop analyses, there are five 
total comparisons with p-values <.11 but >.05, sug-
gesting the potential for type II error exists for those 
comparisons. However, the effect size calculations for 
those comparisons range from trivial to small with 
confidence intervals that are centered around zero, 
which indicates no meaningful treatment effect due 
to brace application regardless of statistical signifi-
cance. Lastly, the current analysis is limited to thera-
peutic exercises performed in a controlled laboratory 
setting and these results cannot be generalized to 
more dynamic uncontrolled athletic environments. 

CONCLUSION
Participants with CAI exhibit decreased normalized 
EMG muscle activity during common rehabilitation 
exercises after the application of ankle braces. If the goal 
of rehabilitation is to increase motor unit recruitment, 
patients with CAI should not wear ankle braces while 
performing the prescribed rehabilitation exercises. 
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ABSTRACT
Study Design: Single-blind, randomized, clinical trial.

Background: The effect of eccentric training for mid-portion Achilles tendinopathy is well documented; however, its 
effect on insertional Achilles tendinopathy is inconclusive. The primary purpose of this study was to investigate the 
effect of eccentric training on pain and function for individuals with insertional Achilles tendinopathy.

Methods: All patients received a 12-week conventional strengthening protocol. Patients who were randomly assigned 
to the experimental group received additional eccentric exercises. Patients completed the Short Form-36 Health and 
Bodily Pain Surveys, the Foot and Ankle Outcomes Questionnaire, and the Visual Analog Scale at initial evaluation, 
after 6 weeks of therapy, and at 12 weeks after therapy. 

Results: Thirty-six patients (20 control and 16 experimental; average age 54 years; 72% women) completed the study. 
Both groups experienced statistically significant decreases in pain and improvements in function. No statistically sig-
nificant differences were noted between the groups for any of the outcome measures. 

Conclusion: Conventional physical therapy consisting of gastrocnemius, soleus and hamstring stretches, ice massage 
on the Achilles tendon, and use of heel lifts and night splints with or without eccentric training is effective for treating 
insertional Achilles tendinopathy.

Level of Evidence: Level 2

Keywords: Achilles tendinopathy, eccentric training, posterior heel pain
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INTRODUCTION 
Achilles tendinopathy is a prevalent overuse injury 
that usually presents between the ages of 30 and 60 
years.1 In recent years, eccentric training has gained 
popularity as an effective intervention for Achilles ten-
dinopathy.2-7 However, clinical outcomes are reported 
to be more effective in persons with mid-portion Achil-
les tendinopathy and less effective with insertional 
tendinopathy.8,9 Physical therapy and other conser-
vative interventions for this condition have included 
activity modification (rest or cross training, such as 
cycling instead of running), cryotherapy, ultrasound, 
calf stretches, heel lifts, orthotics, and nonsteroidal 
anti-inflammatory drugs (NSAIDs).10-12 Prolonged 
stretching, in particular, has been found to decrease 
heel pain.13 There are surgical options, but they are 
costly and generally involve a lengthy recovery.3,14-16 

Although Achilles tendinopathy is common in ath-
letes, particularly runners, the authors’ clinical 
practice has noted a high incidence of insertional 
Achilles tendinopathy among patients with diverse 
levels of activity. Researchers have reported that 
eccentric training is less effective among persons 
with high body mass index (BMI), sedentary lifestyle, 
or female sex.9,17 The primary purpose of this study 
was to investigate the effect of eccentric training on 
pain and function for individuals with insertional 
Achilles tendinopathy. It was hypothesized that 
the addition of eccentric training to a conventional 
physical therapy program would be more effective 
than conventional physical therapy alone in regards 
to pain and function. A secondary purpose was to 
determine if BMI, activity level, and baseline dorsi-
flexion range of motion and gastrocnemius/soleus 
strength had any effect on results. 

METHODS

Institutional Review Board Approval and 
Informed Consent
The institutional review board (IRB) of the Univer-
sity of Tennessee School of Medicine approved the 
study and experimental protocol. Informed consent 
was obtained from all patients before the study, and 
their rights were protected. 

Study Design 
This was a prospective, single-blind, randomized 
study.

Inclusion and exclusion criteria
The sample population included patients who were 
referred for conventional physical therapy treatment 
for insertional Achilles tendinopathy that was diag-
nosed by orthopaedic foot and ankle surgeons per his-
tory and physical findings. Physical findings of Achilles 
tendinopathy included swelling, pain at the insertion 
of the Achilles tendon, and start-up pain (pain upon 
first arising). Inclusion criteria were (1) symptoms 
present for at least 3 months and (2) age of at least 18 
years. Patients were excluded if they had rheumatoid 
arthritis, generalized polyarthritis, Reiter syndrome, 
bleeding disorders, severe endocrine disease, tumor, 
local infection, advanced peripheral vascular disease, 
or if they were pregnant. In addition, they were not 
eligible for enrollment if they had previous Achilles 
tendon surgery, ankle arthrodesis, hindfoot fracture, 
or leg-length discrepancy of more than one-half inch. 
If a patient had symptoms in both Achilles tendons, 
only the tendon that the patient considered worse at 
the initial visit was followed in the study. 

Randomization 
In the physical therapy department, patients were 
randomly assigned to either a conventional physical 
therapy (control) protocol or conventional therapy 
with eccentric strengthening (experimental) proto-
col. The computer generated randomized identifica-
tion numbers following a 4:4 assignment so that for 
every four patients randomized at each location, two 
would be in each group. A statistician not involved 
in patient care or data procurement randomized the 
assignments into envelopes with an identification 
number labeled on the outside, leaving the physical 
therapists blinded to the assignment. When a patient 
came for the initial physical therapy appointment, 
the physical therapist pulled an envelope with the 
next identification number to assign a protocol. 

Intervention 
All patients were seen for four visits: initial evalu-
ation, 1 week later (week 2), week 4, and week 6 
but were instructed to follow the home exercise pro-
gram for a total of 12 weeks. The control protocol 
consisted of gastrocnemius, soleus, and hamstring 
stretches, ice massage on the Achilles tendon twice 
a day (5-10 minutes), use of bilateral heel lifts, and a 
resting night splint. Patients were instructed to per-
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form each stretch for three repetitions (30 seconds) 
twice daily (Figure 1 A-D).13,18,19 The heel lifts were 
adjustable, starting at 3/8” and lowered 1/8” every 2 
weeks until ultimately no heel lift remained. 

Figure 1. Conventional stretches for insertional Achilles tend-
inopathy. (A) Gastrocnemius stretch. With the knee straight 
and heel on the fl oor (involved foot back), the patient leans 
forward. (B) Soleus stretch. With the knee bent and the heel on 
the fl oor (involved foot back) the patient leans forward. 
(C) Hamstring and gastrocnemius stretch. Lying supine, the 
hands (or a towel) are placed around the posterior aspect of the 
knee. The knee is slowly straightened until a stretch is felt. 
Then, keeping this position the foot is pulled toward the face. 
(D) Sitting in an upright position with the involved knee straight, 
a towel is placed around the ball of the foot. Using both hands, 
the patient pulls the towel, bending the foot toward the face.

The patients in the experimental group followed 
everything in the control protocol with the addition 
of two eccentric strengthening exercises. In the first 
exercise, the patient stood bearing weight on the 
involved foot in plantarflexion with the knee slightly 
bent (Figure 2A); the patient then slowly lowered the 
heel into dorsiflexion to a count of five (Figure 2B). 
The other leg could be used to assist the patient in 
returning to plantarflexion. In the second exercise, 
the patient stood bearing weight on the involved 
foot in plantarflexion but with the knee straight on 
the stance leg. Again, the patient lowered the heel 
to a count of five into dorsiflexion (Figure 2C). If 
too weak to hold the single leg in plantarflexion, the 
patient stood with the heel off a step as high as possi-
ble (which might be neutral) and slowly lowered the 

Figure 2. Eccentric training exercises. (A) First exercise. The 
patient stands bearing weight on the involved foot in plantar-
fl exion and the knee slightly bent and slowly lowers the heel into 
dorsifl exion to a count of fi ve (B). (C) Second exercise. The patient 
stands bearing weight on the involved foot in plantarfl exion 
with the knee straight and lowers the heel to a count of fi ve.
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heel to a count of five. Patients were instructed to 
perform both exercises in two sets of 15 repetitions, 
twice daily. The patients were instructed to add a 
weighted backpack if the exercises became easy to 
perform. This protocol was used to accommodate 
the tolerance level of patients with various levels 
of activity, including those participating in recre-
ational sports or those who performed manual labor. 
No medication was prescribed for any patient.

Data collection 
Data were collected at four clinic locations of a pri-
vate orthopaedic practice with physical therapists 
administering the intervention and physicians col-
lecting most of the data. Trained foot and ankle ortho-
paedic surgeons blinded to which protocol was being 
followed made the initial diagnosis and collected the 
outcome measures at baseline, 6 weeks, and 12 weeks. 
Baseline data included age, sex, race, body mass index 
(BMI), presence or absence of calcification, symp-
toms, and activity levels. Physical therapists recorded 
ankle range of motion and gastrocnemius and soleus 
strength at baseline. Subsequent measurements were 
taken at weeks 4 and 6. A standardized protocol based 
on Norkin and White’s20 was reviewed at group meet-
ings and used for body position, goniometer place-
ment, and manual muscle testing. 

Outcome measures
Patients completed several standardized instruments 
at initial evaluation, and at 6 and 12 weeks in the 
physician’s office. These included the following: 

(1) Short Form Health Survey (SF-36) and the SF-36 
Bodily Pain subscale, which are designed to measure 
general health status in a variety of circumstances. 
They have a high level of internal consistency with 
correlation coefficients higher than acceptable lev-
els across medical conditions (minimally clinical 
important difference [MCID] is 5).21,22,23,24 

(2) Foot and Ankle Outcomes Questionnaire (FAOQ), 
which uses 25 questions to determine pain and sta-
bility of the foot and ankle during various activities, 
the degree to which the foot and ankle interfere with 
normal work and daily life, and general stiffness and 
swelling. The FAOQ has been found to be useful in 
evaluating foot and ankle outcomes, with good internal 
consistency, retest reliability, and moderate to strong 
correlation with physician ratings and the SF-36.21 

(3) Visual Analog Scale (VAS) for pain consists of a 100 
mm line, demarcated in 10-mm intervals, on which 
the patient records pain with 0 as no pain and 100 as 
pain so severe you would be in the emergency room. 
It has been validated by previous research and found 
to detect MCID in pain (absolute change between 20 
and 30 mm on the 100 mm VAS and a 33% decrease 
of pain is associated with pain relief15,33).25,26,27 

Statistical Analysis 
Data were entered in Excel and analyzed using SAS 
9.2. The outcome measures had excellent internal 
consistency. Cronbach alpha for the FAOQ was 0.93 
and for the SF-36, 0.90. The SF-36 Bodily Pain sub-
scale had moderate reliability, with an alpha value 
of 0.75. This strong internal consistency is good for 
this small sample size and suggests that the data may 
not be as limited as the small number suggests. The 
Mann-Whitney U test was used to compare the out-
come measures between the control group and the 
experimental group. The Wilcoxon U test compared 
outcomes to baseline for patients within the proto-
col.28 Chi-square tests and Mann-Whitney tests were 
used to check for unintentional biases in completion 
of study and assignment of protocol. Spearman’s rank 
correlations were used to assess correlations between 
interval-level data (e.g., BMI) with the outcome ordi-
nal scales. The t-test and the Wilcoxon signed-rank 
test were used, respectively, to compare baseline and 
final range of motion and strength data.28 Statistical 
significance was set at an alpha level of p<0.05. Inten-
tion to treat analysis was used to assess the effect of 
incomplete protocols on primary outcomes.29 

RESULTS 

Baseline data
Recruitment and follow-up were conducted between 
February 2007 and October 2010. The majority of 
patients were middle age, overweight women who 
had insertional Achilles tendon pain and a slight 
decrease in dorsiflexion range of motion and gas-
trocnemius strength. Most patients had attempted 
other treatments before participation in this study 
(Figure 3). Thirty-six of 58 patients met inclusion 
criteria and adhered to one of the two protocols as 
instructed: 16 in the experimental group (11 women 
and five men; average age 51.7 years) and 20 in the 
control group (15 women and five men; average age 
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55.3 years) (Table 1). The average body mass index 
(BMI) was 37.6 in the experimental group and 32.7 
in the control group; although not reaching a statisti-
cally significant difference between groups, analysis 
of BMI indicates that the sample population tended 
to be overweight if not obese (Table 1). Twenty-seven 
patients (87%) had calcification in the tendon and 
three had bilateral symptoms (Table 2). Activity lev-
els at baseline varied, but more patients in the con-
ventional group reported higher activity levels than 
those reported by the experimental group (Table 2). 

Patients in both groups had mildly decreased ankle 
dorsiflexion and plantarflexion both on the involved 
and noninvolved sides at baseline. Although not 
statistically significant, the experimental group had 
less active dorsiflexion on the involved side com-
pared with the control group (Table 2). Some gas-
trocnemius weakness was noted in both groups on 
the involved side (Table 2). 

Outcomes
Overall, patients in both protocols significantly 
improved both in pain and function according to 
VAS, SF-36 (Bodily Pain), SF-36, and FAOQ, and the 
mean improvement also was statistically significant 
using these outcome measures (Table 3). The mean 
change of the SF-36 was 10 (MCID 529,32) and on VAS 
it was 20 mm or 41.3% (MCID 20-30 mm and 33% 
decrease15,33). 

No statistically significant differences were found in 
outcomes between patients in the two groups (Table 
4). Although both groups experienced positive 
change, the conventional protocol group’s change 
was statistically significant in all outcome measures 
(VAS, SF36 [Bodily Pain], SF-36, and FAOQ), whereas 
the experimental group’s change was significant in 
the VAS, SF-36 (Bodily Pain), and FAOQ, but not the 
SF-36 (see Table 3).

No statistically significant differences were found in 
outcomes by age, race, BMI, duration of symptoms, 
or prior activity level for either group. However, 
women improved more than men as measured by 
the VAS, and this was statistically significant (p = 
0.033) regardless of treatment protocol. 

Patients in both protocols had significantly improved 
ankle dorsiflexion range of motion and gastrocne-
mius manual muscle strength test at final follow-up 
(Table 5). Better ankle dorsiflexion range and gas-
trocnemius strength at baseline were moderately 
correlated with significantly larger improvements in 
VAS (Spearman’s rho [rs] =0.370, p = 0.048 and rs= 
0.396, p = 0.0368, respectively). Better gastrocne-
mius strength at baseline showed moderate (statis-

Figure 3. Previous treatments for Achilles tendinopathy, 
reported by patients.

Table 1. Patient demographics
EExperimental

Group
Control
Group

Total

Number of patients 16 20 36 
Sex

Male (%)
Female (%)

5 (31.5) 
11 (68.8) 

5 (25.0) 
15 (75.0) 

10(27.8) 
26(72.2) 

Mean age (SD) 51.5 (7.5) yrs. 55.3 (10.2) yrs.  53.6 (9.2) yrs.  
RaceRace
Caucasian Caucasian (%)(%)

African-
American (%)

12 (75.0) 
4 (25.0) 

16 (80.0) 
4 (20.0) 

28 (77.8) 
8 (22.2) 

Mean body mass
index (SD)

37.6 (7.5) 32.7 (6.5) 34.9 (6.8) 
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tically significant) correlation with improved FAOQ 
scores (rs = 0.5181, p = 0.005).

Complications
One patient required physical therapy for knee pain 
that occurred after eccentric training. One patient 
who was removed from the study had a partial Achil-
les tendon rupture that occurred from activity not 
associated with the study. Because this complica-
tion occurred shortly after enrollment, the patient’s 
participation in the study was not a factor. No other 
complications were noted. 

Check for Biases and Effects
Statistical analyses indicated no bias in the assign-
ment of protocol by age (Mann-Whitney U=1.0, 
p=0.293), sex (Chi-square = 0.04, p = 0.841), dura-
tion of symptoms (Mann-Whitney U = 0.005, p =
0.94), or activity level prior to injury. Patients 
assigned to the experimental group had a higher 
mean BMI (BMI=37) than those in the traditional 
protocol (BMI=32), but the difference was not sta-
tistically significant (Mann-Whitney U = 3.24, p = 
0.072). Because some heavier patients had difficulty 
performing the eccentric strengthening exercise 

Table 2. Patient baseline data
EExperimental

Group
Control
Group

Total

Activity level prior 
to injury* 
(missing data = 4) 
     Sedentary (%) 1 (7.7) 0 (0.0) 1 (3.1)  
     Mod active (%) 5 (38.5)  8 (42.1)  13 (40.6)  
     Active (%) 5 (38.5)  10 (52.6)  15 (46.9) 
     Very active (%) 2 (15.4) 1 (5.3)  3 (9.4)  
Current activity 
level*
(missing data = 5)
     Sedentary (%) 6 (46.2)  4 (22.2) 10 (32.3 
     Mod active (%) 3 (23.1)  10 (55.6)  13 (41.9)  
     Active (%) 3 (23.1) 3 (16.7) 6 (19.4)  
     Very active (%) 1 (7.7)  1 (5.6)  2 (6.5)  
Mean duration 
(months) of 
symptoms (SD)** 

18.5 (30.1) 18.3 (31.4) 18.4 (30.7) 

Calcification in 
tendon (missing 
data = 5) 

11 (73.3) 16 (100.0) 27 (87.1) 

Symptoms
bilaterally (%) 3 (18.8) 0 (0.0) 3 (8.3) 

Ankle dorsiflexion 
involved side-
degrees
mean (SD) 

7.7 (3.8) 9.0 (4.3) 8.5 (4.1) 

MMT
gastrocnemius
involved side-mean 
(SD) grade 

4.6 (0.8) 4.6 (1.3) 4.6 (1.1) 

*sum percent > 100% due to rounding error 
**Note: The large standard deviations are due to three patients who had symptoms > 120 
months.
Note: Activity levels were self-reported by patients.  Sedentary = desk job, no regular 
exercise; moderately active = desk job and regular exercise; active = manual labor and 
regular exercise or recreational sports; very active = heavy work activity, regular exercise 
and competitive sports. MMT = manual muscle test; SD = standard deviation. 
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and others reported doing better at 6 weeks and did 
not return at 12 weeks, an intention to treat analy-
sis was performed and demonstrated no effects of 
incomplete follow-through on outcome. An exer-

cise diary was provided for each patient. Most par-
ticipants had received other treatments prior to this 
study implying that the success was related to their 
compliance.

Table 3. Comparison of outcomes in pain and function at 12 weeks with baseline
Experimental Group Control Group 

Outcome
measure

Mean
change

p value 95% confidence 
interval 

Mean
change

p value 95% 
confidence

interval 
VAS -2.19 < 0.001 -2.98/-1.43 -2.08 < 0.001 -3.58/-0.58 
SF-36
(Bodily Pain) 

16.22 0.016 5.0/27.4 16.40 0.026 3.7/29.0 

SF-36  9.78 0.125 -1.63/21.19 10.27 0.035 0.34/20.20 
FAOQ -0.73 0.002 -2.11/-1.05 -0.758 0.0002 -1.09/0.43 

VAS = visual analog scale; SF-36 = Short Form-36; FAOQ = Foot and Ankle Outcomes 
Questionnaire.
Note: Improvement in status is indicated by a negative change for the VAS and FAOQ, 
with a larger negative number indicating a bigger improvement. A positive change for the 
SF-36 indicates improvement in status, with a larger positive change indicating better 
improvement in health.  

Table 4. Comparison of outcomes between protocols
SScale (12 weeks) Experimental

Group
Mean (SD)

Control
Group

Mean (SD)

Test Utilized
p values

VAS 2.43 (1.99) 1.50 (2.16) MW=2.30, 
p=0.129 

SF-36 70.00 (15.95) 70.50 (19.97) MW=0.07, 
p=0.789 

SF-36 (Bodily Pain) 72.44 (11.49) 61.82 (27.15) MW=0.08, 
p=0.778 

FAOQ 0.78 (0.58) 0.74 (0.75)  MW=0.54, 
p=0.464 

VAS = visual analog scale; SF-36 = Short Form-36; FAOQ = Foot and Ankle Outcomes 
Questionnaire,MW = Mann-Whitney test

Table 5. Changes in mean ankle range of motion and strength (of involved side)

Measurement Protocol Baseline  
(1st visit 
physical
therapy)

Last visit 
physical
therapy

(6 weeks) 

Test Utilized, 
p value 

Experimental 2.42 (4.68) 7.67 (3.80) t = -6.72, p < 0.0001 AROM ankle 
dorsiflexion, reported 
in degrees (SD) 

Control 0.89 (5.97) 9.00 (4.27) t =-5.27, p= 0.0002  

Experimental 4.31 (0.94) 4.64 (0.81) S=27.5, p=0.002Manual Muscle Test 
of gastrocnemius, 
reported as grade out 
of 5 (SD) 

Control 3.49 (1.61) 4.56 (1.25) S=4.5, p=0.012 

AROM = ankle range of motion, t = t-test, S = Wilcoxon-signed rank test 
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DISCUSSION
Eccentric training has been identified as an important 
part of clinical rehabilitation of chronic tendinopa-
thy, particularly of the Achilles tendon at the midpor-
tion.7,9,26,30,31 Eccentric training also has been found 
to be more effective than concentric strengthening 
for Achilles tendinosis located 2-6 cm from its inser-
tion.4 The hypothesis that the addition of eccentric 
training to a conventional physical therapy program 
would be more effective than conventional physical 
therapy alone in the treatment of insertional Achil-
les tendinopathy was not supported by this research. 
This study found that patients with insertional Achil-
les tendinopathy experienced significant improve-
ments with conventional physical therapy, with or 
without eccentric training. Improvement was noted 
in 86.7% of patients on the VAS, 84.2% on the SF-36, 
73.7% on the SF-36 bodily pain subscale, and 93.3% 
on the FAOQ. The mean amount of improvement in 
pain and function also was considered clinically sig-
nificant in the VAS, SF-36, and FAOQ. A change of 5 on 
the SF-36 has been shown to be a clinically significant 
improvement; the mean change of the SF-36 was 10 in 
this study.29,32 According to Jensen, Chen, and Brugger, 
and absolute change between 20 and 30 mm on the 100 
mm VAS scale and a 33% decrease of pain on the VAS 
is associated with pain relief.15,33 The mean change in 
the current study was 20 mm with a mean percentage 
change of 41.3%, which indicates that the decrease in 
pain was clinically significant. Better baseline ankle 
dorsiflexion range and gastrocnemius strength signifi-
cantly correlated with larger improvements in both 
groups. It is interesting to note that patients in the 
control group also experienced statistically significant 
improvements in gastrocnemius strength even though 
their protocol did not include strengthening.

The findings in this study differ from those of Fahl-
ström et al9 as well as those noted in the review by 
Alfredson and Cook8; both of those reports noted that 
only about a third of patients with symptoms at the 
insertion responded to treatment within 3 months. 
In contrast, all patients in this study improved in at 
least one outcome measure. It is important to note 
that the percentages of improvement in this study 
did not measure the same thing as the aforemen-
tioned articles. This study measured any improve-
ment along a scale, whereas their articles noted the 
percentage of patients with functional improvement 

who were able to return to their previous levels of 
activity. Alfredson’s and Cook’s8 review and algo-
rithm referred to a more athletic population than we 
had in this study, and this may account for the dif-
ferences in results. 

While the outcomes in the current study were better 
for insertional Achilles tendinopathy than reported 
in previous studies investigating eccentric strength-
ening, it is unknown if eccentric training made the 
difference.9,34,35 The interventions used in the control 
group have been supported by previous research for 
mid-portion Achilles tendinopathy, including the use 
of insoles or heel lifts2 and Achilles stretches.13,35 The 
night splint has not been found to have additional 
benefit when added to eccentric strengthening.36 
An airheel brace (a light weight compression brace 
with interconnected aircells under the arch of the 
foot and the back of the Achilles tendon to reduce 
strain), which was not used in this study, also has 
been found to be beneficial.37 Most of these patients 
(75%) had used at least one of these treatments 
before the study, suggesting that a combination of 
interventions may be required for effective treat-
ment, as proposed by Angermann and Hovgaard.38 

Unlike previous research that suggests patients with 
a higher BMI have worse outcomes,9 this was not so 
in this study, although obese patients were clinically 
observed to have more problems performing the 
eccentric exercises. Patients who reported having 
osteoarthritis also complained of knee discomfort 
during eccentric exercises with the knee flexed, and 
one patient required treatment for his knee after 
performing the eccentric strengthening protocol. 
Performing eccentric exercises only with the knee 
extended (see Figure 2C) or a simple prolonged 
eccentric stretch as described by Verrall et al34 may 
be an appropriate modification for patients with 
osteoarthritis. Recently, Stevens and Tan39 reported 
that a “6-week do-as-tolerated” program of eccentric 
exercise was as effective but with less discomfort 
in the process as the recommended 180-repetition 
exercise program for midportion Achilles tendinop-
athy. Their program may facilitate strengthening 
without knee discomfort, which could be appropri-
ate for patients who report osteoarthritis or who are 
obese and who had trouble executing the eccentric 
strengthening exercise in the current protocol. 
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Previous authors have reported that eccentric strength-
ening is not particularly effective in a non-athletic 
population;17 however, the subjects in the current 
study demonstrated no correlation between activity 
level and outcomes regardless of eccentric training. 
In addition, women who have been noted previously 
to have the same or poorer outcomes than men with 
eccentric training,12,31 reported more improvement 
in pain than men in all outcome measurements in 
the current study, and this difference reached a sta-
tistically significant difference on the VAS (U=4.65, 
p=0.033). Further study would be necessary to deter-
mine the reason for this finding. 

The patient population in this study differed from the 
population most often described with chronic Achil-
les tendinopathy, namely middle-aged, mostly male, 
recreational athletes. The patients in this study were 
overwhelmingly women (72%), with varied activity 
levels. The prevalence of obesity in this study pop-
ulation suggests that this was not a highly athletic 
population, which raises the question of whether the 
demographics and the causal factors are the same 
among persons for mid-portion Achilles tendinopathy 
as for those with insertional Achilles tendinopathy. 

This study has several limitations, including low 
patient numbers, short follow-up (larger improve-
ments may have been noted at a later point), and 
that patients performed the physical therapy pro-
tocol at home without supervision. In addition, 
patients did not progress beyond their body weight 
during the eccentric protocol. Also, no reliable infor-
mation regarding the patient’s use of over-the-coun-
ter medications was available, except that they were 
prescribed none. Having Achilles tendinopathy bilat-
erally could influence the outcome, but the sample 
size with this condition (N=3) was too small for 
meaningful exploration. 

CONCLUSIONS
The results of this study showed that conventional 
physical therapy with or without eccentric strengthen-
ing was effective in the treatment of insertional Achil-
les tendinopathy in a population with varied activity 
levels. No statistically significant difference was noted 
in outcomes between the control group and the experi-
mental group, as they both demonstrated statistically 
significant improvements. Better ankle range of motion 

and gastrocnemius strength at baseline correlated with 
significantly larger improvements. This study suggests 
that patients with diverse activity levels with inser-
tional Achilles tendinopathy can improve significantly 
with an appropriate combination of stretches, heel 
lifts, night splint, and cryotherapy. 
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ABSTRACT
Background: Several glenohumeral joint (GHJ) positions have been recommended for assessing and correcting pos-
terior shoulder tightness (PST) however, there is no agreement on which position is better for differentiating posterior 
muscle tightness from posterior capsular tightness. The purpose of this study was to compare the range of motion 
change before and after an external humeral rotator muscle fatigue protocol in order to identify a position that shows 
maximum range of motion change.

Methods: ROM changes across four PST measurements were compared before, immediately after, at 24 hours after, 
and 48 hours after an external rotator fatigue protocol. Muscle stiffness of the infraspinatus and the teres minor (using 
a myotonometer) and external rotation force production (using hand-held dynamometry) were measured to verify 
muscle fatigue. 

Results: There was a statistically significant interaction between measurement and condition (F = 2.47, p = 0.02). 
The planned one factor repeated measure ANOVA for each condition revealed that ROM change was statistically sig-
nificant between PST measurements for all conditions. Post hoc comparisons indicated statistically significant greater 
overall ROM changes in a measurement combining GHJ extension and internal rotation compared to other tested 
measurements. There was also a main effect of time on infraspinatus muscle stiffness (F = 10.5, p < 0.0001). Post hoc 
comparison indicated a statistically significant increase in infraspinatus stiffness immediately after the fatigue proto-
col (p < 0.05).

Conclusion: Immediate ROM reduction was observed across all the measurements except horizontal adduction 
(HAD). Maximum ROM reduction after an external rotation fatigue protocol was measured in a position of GHJ 
extension.

Clinical Relevance: Posterior muscle tightness may influence the internal rotation range of motion to a greater 
extent when measured in glenohumeral joint extension.

Keywords: Glenohumeral joint, muscle stiffness, clinical measurement, horizontal adduction, internal rotation.

Levels of Evidence: II-B
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INTRODUCTION
Loss of internal rotation range of motion (ROM) of the 
dominant glenohumeral joint of overhead-throwing 
athletes is well documented.1-13 This internal rotation 
(IR) loss is attributed to osseous and soft tissue adap-
tation and is referred to as posterior shoulder tight-
ness (PST) and develops in response to prolonged 
exposure to high levels of repeated overloading.1,8,14 
Although several positions for assessing and correct-
ing PST have been recommended, there is no con-
sensus on which position is better for differentiating 
posterior muscle tightness from posterior capsular 
tightness. Positions for assessing and stretching pos-
terior shoulder tissues usually involve either adduct-
ing the humerus across the body or a combination 
of humeral flexion and IR.14-18 Tyler et al. described 
a measurement in which the subject is side lying, 
and the humerus is flexed to 90� and is horizontally 
adducted (HAD). Both Laudner and Myers described 
another measurement of PST similar to the hori-
zontal adduction position, but performed in supine 
lying.17,19 A disadvantage of both of these measure-
ments is that it is not known which structure from 
the posterior shoulder limits the motion.16 Laudner 
discusses that posterior deltoid, infraspinatus, teres 
minor and, latissimus dorsi may impact the magni-
tude of glenohumeral joint (GHJ) motion in horizon-
tal adduction.16 Others have also noted that external 
rotator (ER) muscles extensibility possibly influnces 
the PST measurement in both the supine and HAD 
postions.20 

Another method to assess PST is by using the Sleeper 
stretch position. In this position the humerus is ele-
vated to 90� and internally rotated with patient in side 
lying.8,18,21 The strains on the posterior shoulder tissues 
in a position simulating Sleeper stretch were tested by 
Borstad and Dashottar using cadaver shoulders.22 They 
also included a modified version of the Sleeper’s stretch 
where the humerus was only elevated to 60� (named 
“low flexion”) in order to avoid impinging the rotator 
cuff muscles during the measurment. Higher strains on 
the posterior capsule but not on the posterior muscles 
were reported in both of these positions suggesting that 
these positions may be better for assessing posterior 
capsule but may not be optimal for assessing the poste-
rior muscles. In the same study, higher strains on the 
posterior muscles were reported in two measurements; 
1) simulating HAD and, 2) simulating scapular plane 

humeral abduction to 60� (SAB) with internal rotation. 
In a similar study, Muraki et al aimed to identify the 
most effective stretching position for rotator cuff mus-
cles by comparing the strains on the posterior shoulder 
muscles across several GHJ positions.23 Their assump-
tion was that positions that lead to higher strains on the 
muscles are better for stretching. They reported higher 
strains on the external humeral rotators in a postion 
of humeral extension and internal rotation (EIR) but 
not in a position simulating horizontal adduction.23 A 
limitation of these studies is that strain, which is a valid 
outcome measure for assessing muscle length change 
cannot be easily quantified in the clinical setting. 
Therefore, it is important to assess a clinically quan-
tifiable variable across these positions, such as ROM, 
before one position can be recommended.22 

To study the GHJ ROM changes surgical alteration 
of the GHJ posterior capsule in a cadaveric model is 
commonly used. A benefit of using a cadaveric model 
is that it allows the researchers to alter the length and 
mechanical properties by plicating24,25 or thermally 
treating the capsule22,26 and observing the direct 
effects of capsular alteration on the GHJ ROM. Any 
such direct manipulation of muscle length or mechan-
ical properties cannot be done on human subjects for 
testing the ROM changes, however, immediate ROM 
changes can be induced by acute bouts of repeated 
eccentric exercises.27 These acute ROM changes are 
attributed to muscle microstructural damage, edema 
accumulation,28 and increase in muscle passive ten-
sion and stiffness.29 The authors of the current study 
decided to use this known muscular response to acute 
eccentric exercise in order to induce ROM changes 
and compare the effect across four positions recom-
mended for assessing and correcting PST. 

In this study, muscle stiffness was used as a way to 
substantiate muscle fatigue after repeated exercises 
aimed at the external rotator muscles. Muscle stiffness 
is quantified by measuring the magnitude of resis-
tance when muscle is compressed perpendicular to its 
length.30 A myotonometer (Neurogenic Technologies 
Inc., Missoula, MT, USA) was used to objectively quan-
tify the muscle stiffness in this study. The purpose of 
this study was to compare the ROM changes before 
and after external humeral rotator muscle fatigue to 
identify a position with maximum ROM change. The 
hypothesis was that following external rotator fatigue, 
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the magnitude of ROM change will be greater in a mea-
surement combining humeral extension and internal 
rotation (EIR) of all the measurements tested. This 
hypothesis was formulated on the basis of maximum 
strains reported in this position in previous studies.22,23

METHODS

Subjects
Twenty-seven participants (18 females and 9 males) 
between the ages of 18-40 years (Mean age 27±4.3 
years) without shoulder pain were recruited for this 
study. All but one was right hand dominant. Using 
G power software (Heinrich-Heine-Universität Düs-
seldorf), with the power set at 0.8 and α at 0.05, the 
sample size for a small effect size (0.25) was calcu-
lated to be 24. The Ohio State University Institutional 
Review Board approved this study. All volunteers 
were informed about the study procedures and pro-
vided informed consent to participate.

Procedure 

Primary Study 
The experiment began with baseline recordings for 
muscle stiffness and ROM. After these baseline mea-
surements, external rotation force was measured 
using a hand held dynamometer and subjects were 
instructed to initiate the fatigue protocol. When the cri-
terion for fatigue (40% reduction) was achieved (deter-
mined by external rotation force testing), the muscle 
stiffness and ROM measurements were repeated. Two 
examiners performed the measurements; examiner 1 
oriented the shoulder joint for measurements and was 
blinded to GHJ ROM values. In addition, examiner 
1 also measured external rotation force and muscle 
stiffness. Examiner 2 measured and recorded the GHJ 
ROM values and was blinded to the hypothesis of the 
study. All measurements were repeated 3 times and 
the means were used for statistical analysis.

Range of Motion Measurement
Repeated measures of GHJ ROM across four PST 
measurements were recorded before, immediately 
after, at 24 hours, and at 48 hours after a fatigue 
protocol of the non-dominant GHJ external rota-
tors. The order of the PST measurements was ran-
domized using a computer-generated sequence. All 
measurements were taken at the end of the passive 
ROM with no overpressure. The effect of gravity on 

the arm was allowed to move the joint to the end of 
passive range for SAB and Low Flexion (LF), while 
the examiner moved the joint to the end of passive 
range for both HAD and EIR (details in Table 1). 

A goniometer (Baseline evaluation instruments, Fab-
rication Enterprises Inc. White Plains, NY, USA) was 
used to control the starting position for each mea-
surement. For EIR, SAB and LF a digital inclinometer 
(Baseline evaluation instruments, Fabrication enter-
prises Inc. White Plains, NY, USA) was aligned with the 
radial styloids. For HAD the inclinometer was placed 
on the posterior arm. All the angles were controlled 
by aligning the arm with a 360� goniometer fixed at 
60� and kept in direct line of sight of examiner 1. 

Muscle stiffness
Infraspinatus and teres minor muscle stiffness were 
measured using a myotonometer. The myotonome-
ter is considered a reliable tool for measuring mus-
cle stiffness and, has been used in the past to assess 
muscle stiffness.30-34 Briefly, the myotonometer mea-
sures muscle stiffness by quantifying the amount of 
tissue displacement as the probe is pushed down 
perpendicular to the muscle belly. The magnitude 
of tissue displacement is recorded at eight 0.25 N 
force increments up to a maximum force of 2 N. Sub-
sequently, manufacturer provided software gener-
ates a force-displacement graph and calculates the 
area under the curve (AUC) of the graph expressed 
in N.mm.31 Less tissue displacement under the same 
force results in smaller AUC, indicating a harder tis-
sue. To measure the muscle stiffness each subject 
was in a sitting position with arms at side. To ensure 
reproducibility, a standardized measurement loca-
tion was marked on each subject (Table 2) and, 
examiner 1 did all the measurements. To verify repeat-
ability of Myotonometer measurements, pre-fatigue 
muscle stiffness was measured twice in 15 partici-
pants. These repeated pre fatigue muscle stiffness 
measurements were done at an interval of approxi-
mately 20 minutes, based on the time it took for par-
ticipants to finish the experimental protocol. 

External rotation force
External rotation force was measured to objectively 
mark the end of the fatigue protocol. External rotation 
force was measured using a hand-held dynamometer 
(Lafayette instruments Co., IN, USA) with participants 
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Table 1. Tested measurements. All the measurements were performed passively and subjects were 
instructed to relax their shoulder and arm. Note: No overpressure was applied in scapular plane 
abduction and low fl exion, rather; only gravity was allowed to pull the forearm to the end range. 
In extension with internal rotation and horizontal adduction tests, scapular movement marked the 
end of passive range

Position Experimental Position and Procedure Figure of the Position

Scapular Plane 
Abduction 
(SAB) 

In standing, shoulder joint abducted 60° in the 
POS with the neutral GH IR/ ER rotation; add GH 
internal rotation.  

Low Flexion 
(LF) 

In standing, shoulder joint flexed to 60°; add 
internal rotation  

Horizontal 
adduction 
(HAD) 

In supine lying, shoulder joint flexed to 90°; 
adducted across the body. A wedge angled 30° 
was placed under the scapula to maintain the 
scapular plane 

* Goniometers fixed at 60° and 90° were used to orient the shoulder joint to the starting 

position of all the measurements.  

Extension with 
internal rotation 
(EIR) 

In sitting, shoulder joint abducted to 60°* in the 
plane of scapula (POS) and then horizontally
abducted 90° with the elbow maintained in 90°
flexion; add GH internal rotation.  

Table 2. Placement of the Myotonometer, in all the measurements participants were sitting with 
the, arms at the side, forearm pronated and palm resting on thighs

retemonotoyMehtfotnemecalPelcsuM

Infraspinatus  2.5 cm inferior from the midpoint of the spine of scapula 

Teres Minor 1/3rd of the way on a straight line between the posterior-lateral 
angle of acromion and the inferior angle of the scapula along its lateral 
border 

positioned in side lying on their dominant side. The 
non-dominant arm was kept adducted and in neutral 
rotation with the elbow flexed to 90� while examiner 
1 performed an internal rotation break test. The hand 
held dynamometer was placed on the posterior aspect 
of the forearm between the ulnar and radial styloids. 

The external rotation force was recorded prior to and 
immediately following the fatigue protocol. A force 
reduction of 40% from the pre-fatigue value was used 
to objectively define the end of fatigue protocol. A 
25% force reduction has also been used to indicate 
fatigue35 however, in pilot testing the authors’ found 
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that most participants retained the ability to lower 
the weight under control at 25% force reduction, but 
lost that ability when they reached about 40% force 
reduction. Therefore, 40% force reduction was used 
to define the end of the fatigue protocol. 

Each participant performed the fatigue protocol in 
side lying by repeatedly raising and lowering the 
forearm from a position of maximum internal rota-
tion while holding a dumbbell equivalent to approx-
imately 5% of their body weight.36 Oral cues were 
given to participants to maintain proper form during 
the protocol. The concentric (external rotation) phase 
of the protocol was assisted when the participants 
were unable to externally rotate the arm actively. To 
emphasize the eccentric contraction, no assistance 
to the eccentric (internal rotation) phase was given 
and participants were instructed to lower the dumb-
bell under control. The movement was considered 
controlled if the lowering phase lasted at least 2 sec-
onds. Inability to lower the dumbbell under control 
in two consecutive attempts was used to mark the 
subjective end of the fatigue protocol, after which 
external rotation force was immediately measured. If 
the objective force decrease did not meet the criteria 
participants resumed the fatigue protocol.

Secondary Study
Forearm Rest Angle: A secondary study was con-
ducted to objectively assess the change in the ROM 
measured in EIR position with out relying on the 
examiners subjective determination of end range 
passive motion. For this we measured the angle that 
the forearm makes with the vertical in the starting 
position of Extension with IR. Briefly, after abduct-
ing the arm to 60� in the plane of scapula, 90� of 
horizontal abduction was added with the elbow 
maintained in 90� flexion (Figure 1). These mea-
surements were recorded in 20 participants before, 
immediately after the fatigue protocol, and at 24 and 
48 hours post fatigue. 

STATISTICAL METHODS

Primary Study
Range of Motion: The primary dependent variable 
in this study was GHJ ROM change across the 4 PST 
measurements. The intra-rater reliability estimates 
(Intraclass correlation coefficients (3,3) and standard 

error of measurement) for each ROM measurement 
at each time point were calculated. The GHJ ROM 
change for each measurement was calculated by 
subtracting the post fatigue, 24 hour, and 48 hour 
ROM from pre fatigue ROM, referred to as condition 
I (Pre-fatigue ROM – Post- fatigue ROM), condition 
II (Pre-fatigue ROM – 24 Hour ROM), and condition 
III (Pre- fatigue ROM- 48 Hour ROM) respectively. 
The change score was used because the authors 
were interested in identifying the measurement that 
shows maximum change in the ROM, and because it 
normalizes the GHJ ROM across subjects.

To examine the effect of measurement (4 levels) and 
condition (3 levels) on ROM change, a 2 factor repeated 
measures ANOVA was run. To assess assumptions of 
sphericity, Mauchly’s test result was run and evaluated. 
If assumptions were violated, Greenhouse–Geisser (G–
G) and Huynh–Feldt (H–F) corrections were planned 

Figure 1. Forearm rest angle measurement. The forearm rest 
angle is defi ned as the angle that the forearm makes relative 
to the vertical. Forearm position is considered externally 
rotated (dashed black line) if oriented lateral to vertical (solid 
red line) and internally rotated if oriented medial to vertical 
(dashed red line). 
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to determine statistical significance, which was set at 
p < 0.05. Because the aim was to identify a position 
that showed greater ROM change, a separate 1 factor 
(measurement position) repeated measure ANOVA 
was also planned for each condition. 

Muscle Stiffness: The within day reliability of the 
muscle stiffness measurements was examined by 
calculating the intraclass correlation coefficient 
(ICC3,3) among the 2 baseline measures in the sub-
set of 15 participants. The infraspinatus and teres 
minor muscle AUC over time (4) was analyzed using 
separate 1 factor repeated measure ANOVA. Tukey-
Kramer post hoc comparisons were planned for sig-
nificant main effects of time.

Secondary Study
Forearm Rest Angle: A separate 1 factor repeated mea-
sure ANOVA was run to examine the effects of time on 
forearm rest angle. Tukey- Kramer post hoc analyses 
were planned for significant main effects. All statistical 
analyses were performed using NCSS 2001 (Kaysville, 
Utah, USA) and the α level was set at 0.05.

RESULTS

Primary Study
Range of Motion: The within day intra-rater ICC’s 
and standard error of measurement (SEM) for ROM 
measured in each position at each time point are pre-
sented in Table 3. In general the ICCs ranged from 
0.92 to 0.98 and SEM were lowest for HAD (1.2�-1.7�) 
and highest for EIR (2.5�-4.4�). There was a mean 
reduction of 59% in isometric external rotation force 
immediately after the fatigue protocol.

Two-factor repeated measure ANOVA for ROM change 
indicated a statistically significant interaction effect 
between measurement and condition (F=2.47, p=
0.02). Separate one factor repeated measure ANOVA 
revealed that for condition I, extension with IR mea-
surement showed statistically significant greater ROM 
change (19.9�) compared to LF (7.5�), SAB (6.8�) and 
HAD (0.5�). In addition, both LF and SAB ROM change 
were also statistically significant compared to HAD 
ROM change. In conditions II and III, extension with 
IR showed greater ROM change (12.9� and 12.3�) than 
LF (3.3� and 3.8�), SAB (1.9� and 2.5�) and HAD (-0.9� 
and 0.0�), respectively and was statistically significant 
(Figure 2). 

Muscle Stiffness: Muscle stiffness was measured as 
the area under the curve (AUC) of the force displace-
ment graph gen II-B erated by the Myotonometer. 
The within day ICC’s (3,3) for the pre fatigue muscle 
stiffness were 0.95 and 0.97 for infraspinatus and 
teres minor respectively. One factor repeated mea-
sure ANOVA indicated a significant main effect of 
time for infraspinatus AUC (F= 10.5, p<0.001). Teres 
minor AUC did not reach statistical significance (F= 
0.74, p=0.53) (Figure 4). 

Secondary Study
Forearm Rest Angle: Separate 1 factor repeated mea-
sure ANOVA for forearm rest angle indicated a sta-
tistically significant main effect of time (F = 13.54, 
p < 0.001). Tukey-Kramer post hoc analysis indi-
cated that the forearm rest angle immediately after 
fatigue was significantly greater than at 24 and 48 
hours (Figure 3).

DISCUSSION
The results of this study demonstrated that the mag-
nitude of ROM change quantified after an external 
rotator fatigue protocol differs among tested PST 
measurements. The hypothesis of this study was 
that maximum ROM changes after an external rota-
tor fatigue protocol would be observed in a measure-
ment combining humeral extension with internal 
rotation or in horizontal adduction. This hypothesis 
was generated based on the evidence from cadaver 
studies where maximum strains on the posterior 
muscles were observed in these positions.22,23 The 
results show that after external rotator fatigue maxi-
mum ROM reductions were observed in extension 
with IR but not in horizontal adduction. This find-
ing is supported by a previous cadaveric study that 
quantified the strain on the infraspinatus muscle 
and reported that infraspinatus is maximally length-
ened in extension with IR.23 The results of the pres-
ent study taken together with past findings suggests 
that a position of extension with internal rotation 
could be useful in assessing the IR ROM loss that 
might be due to infraspinatus tightness. 

Horizontal adduction is often used to assess PST how-
ever; in this study HAD ROM after fatigue was not 
significantly changed. This finding is also supported 
by previous studies where no significant infraspi-
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Table 3. Intra-rater reliability estimates for range of motion measured across the four 
measurements at each time point. ICC’s were calculated from the repeated measures of  
ROM that were done consecutively on each subject by the same examiner

Measurement Time ICC SEM

Extension with IR Pre-Fatigue 

Post Fatigue 

24 Hours 

48 Hours 

0.98 

0.93 

0.98 

0.98 

2.5° 

4.4° 

2.5° 

2.5° 

SAB Pre-Fatigue 

Post Fatigue 

24 Hours 

48 Hours 

0.95 

0.96 

0.92 

0.95 

2.4° 

2.2° 

2.6° 

2.3° 

HAD Pre-Fatigue 

Post Fatigue 

24 Hours 

48 Hours 

0.97 

0.95 

0.94 

0.96 

1.7° 

1.6° 

1.6° 

1.2° 

LF

ICC=Intraclass correlation coefficient; SEM= Standard error of measurement;
SAB= Scapular plane abduction to 60 °, with internal rotation;
HAD= Horizontal adduction; LF= Low flexion, with internal rotation.

Pre-Fatigue 

Post Fatigue 

24 Hours 

48 Hours 

0.95 

0.93 

0.96 

0.95 

2.1° 

2.3° 

2.2° 

2.3° 

natus strain increases were reported in horizontal 
adduction.22 A possible reason for this may be that 
the motion of the humeral head occurring in hori-
zontal adduction may be limited by posterior deltoid, 
latissimus dorsi, teres minor, and infraspinatus.16 In 
this study the fatigue protocol was aimed at the exter-
nal rotator muscles however, the muscle stiffness of 
teres minor was not significantly increased following 
the fatigue protocol. Posterior deltoid muscle stiffness 
was not measured in this study. It is possible that 
the ROM measured in HAD is influenced by teres 
minor and posterior deltoid and to a lesser degree 
by infraspinatus. Another explanation for no signif-
icant changes in horizontal adduction may be that 
ROM in this position is influenced by posterior cap-
sule.37 Harryman et al37 in a cadaveric study reported 
increased anterior and superior humeral translations 
in horizontal adduction after experimental posterior 
capsular tightening. The increase in antero-supe-

rior humeral translation may result in limitation of 
humeral motion by bony approximation before the 
infraspinatus is fully lengthened. 

In the present study ROM loss was also significant in 
LF and SAB measurements however the magnitude of 
the measured differences was much smaller. Because 
a greater observable change in a measurement may be 
easier to detect in a clinical setting, the use of exten-
sion with IR may be preferable to LF and SAB. The 
ROM change in supine internal rotation with humerus 
abducted to 90� was not measured. This decision 
was made because it has been reported that the IR 
ROM measured in this position is greatly affected by 
humeral torsion.38 The aim of the current study was 
only to compare the ROM changes that occurred due 
to muscle fatigue and future studies should explore 
the influence of humeral torsion on ROM measured in 
extension with internal rotation position. 
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An external rotator fatigue protocol was used to 
induce immediate ROM changes.36 These changes 
have been attributed to microstructural damage 
resulting in edema, increased muscle passive ten-
sion and, muscle stiffness.29,39,40 Although the pro-
tocol consisted of both concentric and eccentric 
components, the researchers emphasized the eccen-
tric component by not giving any assistance during 
the eccentric phase of the protocol. Microstructural 
damage to the muscle following the protocol was 
not directly measured however, reduction in the 
isometric force is considered an indicator of muscle 
damage.41 A mean reduction of 59% in the isomet-
ric external rotation force following the protocol 
suggests that the fatigue protocol used successfully 
affected the muscle condition. 

Muscle stiffness of infraspinatus and teres minor 
were analyzed using two separate 1 factor repeated 
measure ANOVAs. They were analyzed separately 
because descriptive analysis showed different pre 
fatigue infraspinatus (AUC 13.2 ± 2 N.mm) and teres 
minor (AUC 21.2±3.8 N.mm) measures of muscle 
stiffness (Figure 2). Because the magnitude of muscle 
stiffness difference between infraspinatus and teres 
minor was greater than the magnitude of muscle stiff-
ness change over time, including muscle as a factor 
in ANOVA model would have reduced the power of 
the test to detect an interaction between muscle stiff-
ness and time. Before the initiation of the fatigue pro-
tocol muscle stiffness was measured twice to assess 
the within day reliability of the hardness measure-
ment. High ICC’s (0.95 & 0.97) among the repeated 
baseline hardness measurements and a significant 
change in muscle stiffness after the fatigue protocol 
suggests that in the present study Myotonometer was 
able to detect muscle stiffness changes. 

There was no objective measure of the force applied 
by the examiner during extension with IR measure-
ment, which may have introduced examiner bias. To 

Figure 2. Area under the curve (AUC) of a) Infraspinatus; 
and b) Teres minor. Y-axis- area under the curve (in N.mm), 
X-Axis- time points at which the stiffness was measured. 
* indicates statistically signifi cant infraspinatus AUC reduc-
tion immediately after the external rotator fatigue. Error bars 
represent standard deviations.

Figure 3. Forearm rest angle variation across the time 
points. * indicates statistically signifi cant  increase in forearm 
rest angle post fatigue and decrease in Infraspinatus  area 
under the curve (AUC). The primary Y-axis denotes the exter-
nal rotation angle of the forearm; secondary Y-axis denotes 
the Infraspinatus AUC in N.mm. Note that the secondary Y-
axis starts at 10 N.mm.
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address the lack of objective measure of the exam-
iner force, a secondary study was conducted. In 
the secondary study the forearm rest angle rest in 
the starting position of extension with IR (Figure 1) 
was measured. Because this measurement excludes 
examiner force while keeping other conditions the 
same, the potential for examiner bias is minimized. 
There was a statistically significant change in the fore-
arm rest angle immediately after the fatigue protocol, 
corroborating the results of the primary study where 
maximum ROM change was observed in the EIR posi-
tion. Although a statistical relationship among the 
infraspinatus muscle stiffness measurements and 
forearm rest angle was not explored, it is worth not-
ing that forearm rest angle change coincided with 
infraspinatus muscle stiffness over time (Figure 3) 
similar to changes noted in previous studies.42,43 The 
variation of the forearm rest angle with infraspinatus 
muscle stiffness change suggests that the results of 
the primary study that ROM measured in EIR were 
not influenced by the external force applied by the 
examiner.

The posterior capsule of the GHJ may also affect the 
ROM in the positions tested in this study however, 
it is safe to assume that the GHJ posterior capsule 
did not influence the ROM changes observed. First, 
if the exercise protocol used in this study did alter the 
capsule, one would expect increased, not decreased 
ROM because repeated internal and external rota-
tions are used to precondition the capsule to gain 
maximum GHJ ROM.25 Second, the participants were 
not overhead athletes, a population known to have 
GHJ posterior capsular adaptations in response to 
long duration of repeated overloading.1,8 Third, any 
permanent structural or mechanical changes in the 
capsule would take longer than 48 hour to develop.44

The results of the present study should be inter-
preted in the light of several limitations. First, the elec-
tromyographic (EMG) activity of the muscles during 
the ROM measurement was not recorded. This was 
done to simulate the ROM measurements, as they 
will be done in clinics where monitoring EMG activ-
ity during the examination is not the norm. Although 
subject relaxation during the measurements was not 
quantified, the examiner used his 20 years of muscu-
loskeletal clinical experience to subjectively deter-
mine when relaxation was achieved, which parallels 

standard clinical measurement procedures. Muscle 
stiffness measured using the Myotonometer may be 
influenced by subcutaneous tissue thickness. How-
ever, use of a within-subject design means that any 
effect of subcutaneous tissue on muscle stiffness 
measurements is consistent for each subject. Third, 
because participants were young adults without 
shoulder pain, and had no history of participation in 
overhead throwing activities, the results of the study 
should not be generalized to elderly or adolescent 
individuals, to those with shoulder pain, or to over-
head athletes who could have increased humeral tor-
sion or altered scapular position that may influence 
the PST measurements.13,45 

CONCLUSION
The ROM changes that were measured across the four 
tested PST measurements varied after an external 
rotation fatigue protocol. Maximum ROM change was 
measured in a measurement combining GHJ exten-
sion and internal rotation. The results of this study 
might help clinicians to evaluate ROM loss due to 
infraspinatus muscle tightness. However, before the 
clinical use of extension with internal rotation can be 
recommended, further evaluation of this measure-
ment in different populations with known humeral 
torsion and scapular position changes is necessary. 
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ABSTRACT
Context: Current literature indicates a correlation between decreased total shoulder range of motion (ROM) and internal rotation 
(IR) of the dominant arm and increased injury risk in throwers. The optimal method for increasing shoulder ROM, improving per-
formance, and preventing injury is unknown. It is also unknown if treating the non-dominant arm may affect ROM on the domi-
nant side. 

Purpose: To explore the effect of the Total Motion Release (TMR®) Trunk Twist (TT) and Arm Raise (AR) on IR and external rota-
tion (ER) of the dominant shoulder in baseball players compared to a traditional dynamic warm-up. 

Design: Cohort study.

Setting: University athletic training clinic and baseball field.

Participants: Pitchers (males, n=10; age, 18.6±1.3) recruited from local baseball teams were randomly assigned two one of two 
groups: TMR® treatment group (TMRG; n=5) or traditional warm-up group (TWG; n=5).

Interventions: Baseline IR and ER goniometry range of motion (ROM) measurements were recorded. The TMRG then completed 
the TMR® exercises and post-intervention measurements. The TWG completed a traditional static and dynamic warm-up (e.g., 
lunges, power skips, sprints, sleeper stretch) and then completed post-intervention measurements. Following the completion of 
those measurements, the TWG completed the TMR® Trunk Twist and Arm Raise protocol and had post-intervention measurements 
recorded once more.

Main Outcome Measures: ROM measures for IR and ER of the dominant shoulder. Alpha level was set at p ≤ 0.05. 

Results: Significant differences were present for IR (p=0.025) and ER (p=0.014) between the TMRG and the TWG after initial 
intervention. Significant differences for IR were present in the TWG between baseline and TMR® intervention and traditional 
warm-up and TMR® intervention. For the TWG, changes in ER were not statistically significant at baseline, post-warm-up, or post- 
TMR® intervention. Significant differences were not present for IR (p=0.44) or ER (p=0.23) between groups once TMR® had been 
completed by both groups.

Conclusions: TMR® produced larger increases in IR and ER of the throwing shoulder when compared to the TWG. Generalizability 
is limited, however, by the low number of participants in each group and a potential ceiling effect of attainable ROM gains. Future 
studies should examine if using a full TMR® treatment process is more beneficial. Additionally, future research should compare 
TMR® intervention to other warm-up activities or stretching protocols (e.g. resistance tubing, weighted balls) and examine its effect 
across other variables (e.g., injury rates, throwing velocity).

Key Words: Baseball, Pitcher, Position Player, Total Motion Release®, Warm-Up

Level of Evidence: Clinical Evidence Based Level 2b
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INTRODUCTION
Total Motion Release (TMR®) is an innovative para-
digm used to evaluate and treat body motion imbal-
ances that is related to the concept that the body is a 
unified system striving to maintain a dynamic cen-
ter of gravity.1 Therefore, pain or dysfunction in one 
area of the body may be affected by movements that 
take place elsewhere. Patients use a 1 (i.e., no dys-
function, pain, or asymmetry) to 100 (i.e., complete 
dysfunction, pain, or asymmetry) scale to describe 
the imbalances across different measures (e.g., pain, 
strength, quality/quantity of motion) to generate 
their score for each of the prescribed motions in the 
TMR® screening. In standard TMR® treatment, six 
motions (i.e., arm raise [shoulder flexion], bent arm 
wall push [single arm push-up], trunk twist [rota-
tion], single-leg sit-to-stand, leg raise [hip flexion], 
and weight-bearing toe-reach [unilateral bent knee 
squat]) are compared bilaterally and the motion with 
the greatest imbalance is treated first, providing that 
both sides are not perceived as dysfunctional. Total 
Motion Release® treatment includes repetitions, 
static holds, or some combination thereof and should 
be performed to the good side, (i.e., the side of ease) 
which is a departure from traditional therapies.1 In 
standard TMR®, the data (i.e., progress) is evaluated 
every two sets of exercises. Based on the results of 
the treatment, the clinician decides to continue with 
that motion, modify the motion, or move to the next 
area of imbalance. Treatment then progresses to the 
second highest imbalance score and continues until 
the six main motions are balanced. A general recom-
mendation is to resolve one upper body, trunk, and 
lower body imbalance each treatment to maximize 
treatment effect and retention of gains.1

Baseball players strive to position their bodies in 
optimal alignment in order to accelerate and decel-
erate the throwing arm at high velocities during 
execution of the throwing motion.2 Baseball play-
ers require the coordination of large forces from the 
lower to the upper extremities in order to generate 
extreme linear and angular velocities at ball release.3 
The repetitive throwing motion has the potential to 
cause increased mechanical stress to the arm due 
to torque and distraction forces.4,5 The glenohumeral 
and elbow joints are subjected to these stresses over 
multiple innings, games, and seasons during the 
span of a player’s career.6,7

Commonly, baseball players have been noted to 
possess decreased trunk rotation, shoulder internal 
rotation (IR) of the throwing arm, external rotation 
(ER) of the dominant hip, and IR of the non-domi-
nant hip.2,8 Internal rotation of the non-dominant hip 
may play a role in deceleration of the body during 
the throwing motion. Thus it may be plausible that 
decreased IR of the non-dominant hip may transfer 
some of the demands of deceleration to the shoul-
der, resulting in less force dissipation through the 
trunk, thereby increasing forces at the shoulder.8 
The presence of range of motion (ROM) deficits and 
movement compensation may alter arm slot, proper 
shoulder-hip separation, and rhythmic timing, all of 
which may contribute to increased risk of injury.9,10 
Normal shoulder ROM within the general population 
include ER ranges from 90-100� and IR ranges from 
80-90�, however, baseball players may present with 
a shoulder ER in excess of 110� and shoulder IR as 
low as 50-60�.11,12 Glenohumeral Internal Rotational 
Deficit (GIRD) is a loss in internal shoulder rotation 
compared to the opposite side and is usually identi-
fied when there is a loss of 10% of the total rotational 
motion of the opposite shoulder or a 25� difference 
between shoulders.10,13,14 Loss of IR in the shoulder of 
a baseball player has been attributed to a number of 
potential factors including a posterior inferior capsu-
lar contracture, tightness of the external rotators, and 
osseous adaptations of glenoid and humerus.15,16,17

While the underlying cause of GIRD may be debated, 
it is generally accepted that its presence is a pre-
disposition for injury. Specifically, an IR deficit of 
greater than 25� has been described as having the 
potential to increase the risk for injury.18,19 Wilk et 
al.20 demonstrated pitchers with GIRD were nearly 
twice as likely to be injured and pitchers with total 
rotational motion deficit greater than 5� had a higher 
rate of injury compared to those without such defi-
cit. The researchers concluded that, compared with 
pitchers without GIRD, pitchers with GIRD appear to 
be at a higher risk for injury and shoulder surgery. 
Myashita et al.21 also demonstrated that a significant 
increase in the ratio between ER and maximum 
shoulder external rotation (MER) is a risk factor for 
elbow injuries in baseball pitchers. 

Another component that may need to be considered 
is that the deceleration phase of the throwing motion 
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is initiated by IR of the non-dominant hip.8 Thus, it 
is plausible that a lack of IR in the non-dominant hip 
has the potential to produce the undesirable effect 
of transferring deceleration demands up the kinetic 
chain to the shoulder. As a result of decreased force 
dissipation through the trunk, the athlete may expe-
rience increased forces at the shoulder. In turn, the 
athlete with limited non-dominant hip IR may be at 
an increased risk for shoulder injury.8 McCulloch, 
Patel, Ramkumar, Noble and Lintner22 demonstrated 
that pitchers possessed excessive IR on the stance 
(i.e., dominant) hip and excessive ER on the stride 
(i.e., non-dominant) hip. As a compensation for 
inappropriate hip and trunk rotation, the patient 
may develop increased ER of the dominant shoul-
der; excessive ER may increase soft tissue forces and 
predispose the pitcher to shoulder injury.2,8 

Baseball specific warm-ups vary in design and selec-
tion of exercises based on level of competition, set-
ting, and coaching/medical staff. Common warm-ups 
may include a progressive run, lunge with rotation 
and reach variations, explosive skips, shuffles, sprints, 
and stretching in attempt to prepare the entire body 
for throwing and injury prevention.23 Variation exists, 
however, as some warm-up strategies include light 
jogging, light throwing, and stretching24 and others 
require longer distance jogging (i.e. 5 minutes), joint 
specific mobility exercise, and dynamic flexibility.4 
Typically, these program take 15 to 20 minutes to com-
plete, with the stated goal of increasing core tempera-
ture, decreasing fluid viscosity and increasing hip and 
trunk mobility.23,25 In short, general warm-up baseball 
protocols tend to vary by team and sports medicine 
staff without established evidence for effectiveness. 

The purpose of this study was to compare the acute 
effects of a standard baseball warm-up protocol to 
the implementation of the Total Motion Release 
(TMR®) Trunk Twist and Arm Raise protocol on 
internal and external ROM in the dominant arm of 
baseball players. 

METHODS AND PROCEDURES
A pretest-posttest randomized cohort design was 
utilized, with the sample consisting of male high 
school and collegiate baseball athletes (males; 
n=10; age=18.6±1.3 years, age range=16 to 20 
years; experience=9 collegiate and 1 high school 

players; right handed=8, left handed=2). All par-
ticipants had at least five years of previous baseball 
experience and were not receiving treatment for a 
recent upper extremity injury (i.e., within that last 
12 months). The study was conducted during the 
season, in a single session for each group, and was 
completed prior to baseball/warm-up activities for 
the day. All participants provided written informed 
consent/assent and the study was approved by the 
Institutional Review Board.

Participants were randomly assigned to either a tra-
ditional warm-up group (TWG) or the TMR® group 
(TMRG), with five participants in each group. 

PROCEDURES
Baseline IR and ER goniometry ROM measurements 
were recorded for participants in both groups prior 
to intervention. Goniometric assessment of shoulder 
IR and ER was conducted with the participants lying 
on the exam table, with their shoulder abducted to 
90� and their elbow flexed to 90�. The landmarks 
used for assessment were the olecranon process 
(fulcrum), long axis of the ulna (movement arm), 
and the perpendicular axis to the floor (stationary 
arm). Initial baseline measurements were recorded 
by a Certified Strength and Conditioning Specialist 
(CSCS) with a four years of professional experience 
in collegiate and professional baseball and were vali-
dated by an Athletic Trainer with five years of pro-
fessional experience. 

Following baseline measurements, the TMRG com-
pleted 3 sets of a 30 second standing Trunk Twist 
(TT) to their reported “good” side, with a 60 second 
rest period between each set (Figure 1). Coaching 
cues were given throughout each set, instructing the 
athlete to take a deep inhalation followed by deep 
exhalation when a new barrier was reached and to 
“unlock” the body segment that the participant per-
ceived to be limiting motion (e.g., flex right knee if 
twisting to the left shoulder). Following TTs, each 
participant completed 2 sets of 30 second standing 
Arm Raise (AR) to the “good” side, with a 60 second 
rest between each set (Figure 2). Similar instructional 
cues were used when performing the Arm Raise, but 
the focus was on the patient reaching further into 
shoulder flexion. The entire TMR® TT and AR proto-
col took 8 to 10 minutes to complete depending on 
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the time needed to explain the TMR® procedure to 
the participant. After both TMR® movements were 
completed, post-intervention ROM measurements 
were recorded for comparison to baseline, in the 
same manner they were initially recorded. 

After baseline measurements were recorded, the 
TWG participated in a traditional 15-minute dynamic 
warm-up (Table 1). As there is significant variation in 
baseball warm-up activities, the researchers utilized 
this warm-up protocol because it was already being 
used by the participants’ to prepare for baseball activ-
ities and allowed for the participants to maintain 
consistency and regularity in sport activity. Once fin-
ished, the participants immediately had post-inter-
vention ROM measurements recorded for a baseline 
comparison, in the same manner they were initially 
recorded. Upon completing the post-warm-up mea-
surements, the TWG then completed the TMR® proto-
col (i.e., TT and AR exercises, Figures 1 and 2). After 
performing both activities, the ROM measurements 
were recorded once again for the TWG group for 
comparison to baseline and post-exercise measures. 
The null hypothesis was the TMR® protocol would 
produce superior outcomes compared to the tradi-
tional warm-up protocol. Based on this and the small 
sample size of the cohort, the decision was made a 
priori to perform the TMR® protocol on the TWG to 
ensure the results did not occur due to the partici-
pant groups being different after randomization. 

STATISTICAL METHODS
An independent sample t-test was used to calcu-
late the difference between groups from baseline. A 

repeated measures ANOVA was performed to ana-
lyze the difference in the TWG group from base-
line to post-warm-up to post-TMR®. An independent 
sample t-test was used to analyze the difference 
between group means for the TMRG and the TWG 
following the completion of the TMR® protocol in 
both groups.

RESULTS
The TMRG and TWG did not demonstrate differ-
ences in age (18.8±1.79 vs. 18.4±0.55 yr, p=0.65), 
IR (66�±12.06� vs. 78.8�±12.15�, p=0.13), or ER 
(82.4�±11.33� vs. 83.6�±12.22�, p=0.87) at baseline. 
An independent sample t-test was used to analyze 
the difference between group means for the TMRG 
and the TWG following the initial warm-up interven-
tions. Significant differences were present for both 
internal and external shoulder rotation between the 
groups (p<.05). The use of TMR® produced larger 

Figure 1. Standing Trunk Twist.

Figure 2. Seated Arm Raise.

Table 1. Traditional Warm-up Protocol

Warm-up Exercise Repetitions
Walking Knee Hug 10 Yards 

Forward Lunge w/ Rotation 10 Yards 
Reverse Lunge w/ Rotation 10 Yards 

Quad Stretch w/ Reach 10 Yards 
Power Skips 10 Yards 

Lateral Lunges 10 Yards 
Sprint (50%) 2 x 30 Yards 
Sprint (75%) 1 x 30 Yards 
Sprint (100%) 1 x 30 Yards 

Supine Sleeper Stretch* 2 x 30 Seconds** 
*Supine Sleeper Stretch with arm at 90° horizontal abduction 

**Each set of the Sleeper Stretch was separated with a
    60 second rest period** 
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increases in mean IR (19.2�±10.78� vs. 2.2�±8.73�, 
p=0.03) and mean ER (13.6�±5.98� vs. -1.8�±9.20�, 
p=0.01) of the throwing shoulder, irrespective of 
whether TMR® was applied to the dominant shoul-
der (Table 2, Figures 3 and 4). Of note, 60% of the 
participants in the TMR® group did not perform the 
AR pattern to their dominant side, but still experi-
enced the improvement in IR and ER on the domi-
nant side. 

A repeated measures ANOVA was used to analyze the 
difference across time to determine the effect of the 

traditional warm-up versus the TMR® warm-up on 
ROM for the TWG (Table 3 and 4; Figure 5). A signifi-
cant main effect for time was identified (F2,8=32.8, 
p ≤ 0.00, �2=.891) for IR. For the 5 participants in the 
TWG, the mean IR at baseline (M=78.8�, SD=5.43�) 
and post-warm-up (M=81�, SD=3.86�) were not sta-
tistically significantly different (Table 3). The dif-
ferences between mean IR at baseline (M=78.8�, 
SD=5.43�) to post-TMR® (M=103�, SD=2.36�) and 
post-warm-up (M=81�, SD=3.86�) to post- TMR® 
(M=103�, SD=2.36�) were statistically significantly 
different (Table 3). A significant main effect for 

Table 2. Group Means Data: Change in IR and ER of the Dominant Shoulder

Shoulder ROM TMRG TWG p -Value Cohen’s D 95% CI 

Change in IR 19.2˚ ± 10.78˚ 2.2˚ ± 8.73˚ 0.025 1.73 2.69, 31.30 
Change in ER 13.6˚ ± 5.98˚ -1.8˚ ± 9.20˚ 0.014 1.98 4.10, 26.70 

Values presented are mean ± SD.  
TMRG= Total Motion Release Group; TWG= Traditional Warm-Up Group. 

Figure 4. Pre and Post Intervention Mean ER ROM of the Dom-
inant Shoulder ± SEM for TMRG and TWG.

Figure 3. Pre and Post Intervention Mean IR ROM of the Domi-
nant Shoulder ± SEM for TMRG and TWG.

Table 3. Change in IR of the Dominant Shoulder in the TWG over Time 

Time Mean Difference p-Value 95% CI 

Baseline to Post-Warm-up 2.20˚± 3.90˚ 1.00 -13.26, 17.66 

Post-Warm-up to Post-TMR 22.00˚± 1.58˚* 0.00 15.74, 28.26 

Baseline to Post-TMR 24.20˚± 3.88˚* 0.01 8.84, 39.56 

Values presented are mean ± SD. * denotes statistically significant difference. 

TMRG= Total Motion Release Group; TWG= Traditional Warm-Up Group. 
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Table 4. Change in ER of the Dominant Shoulder in the TWG over Time 

Time Mean Difference p-Value 95% CI 

Baseline to Post-Warm-up -1.80˚± 4.12˚ 1.00 -14.50, 18.10 

Post-Warm-up to Post-TMR 10.80˚± 4.93˚* .028 -8.74, 30.64 

Baseline to Post-TMR 9.00˚± 2.30˚ .052 -0.12, 18.12 

Values presented are mean ± SD. * denotes statistically significant difference. 

TMRG= Total Motion Release Group; TWG= Traditional Warm-Up Group. 

Figure 5. Baseline, Post-Warm-up, and Post-TMR Mean Inter-
nal and External Rotation of the Dominant Shoulder ± SEM for 
the TWG.

time was not identified (F2,8=4.3, p=0.54, �2=.519) 
for ER. For the 5 participants in the TWG, the dif-
ference between mean ER from baseline (M=83.6�, 
SD=12.21�), post-warm-up (M=81.8�, SD=18.21�), 
and post- TMR® (M=96.6�, SD=9.79�) were not sta-
tistically significantly different (Table 4). The TMRG 
did have a larger increase in ER following TMR® that 
approached significance, but did not meet the a pri-
ori p-value (p=.05). Of note, 40% of the participants 
in the TWG did not perform the AR pattern on their 
dominant side, but still experienced the improve-
ment in IR and ER on the dominant side.

An independent sample t-test was used to analyze 
the difference between group means in IR and ER of 
the dominant shoulder for the TMRG and the TWG 
following the completion of the TMR® protocol in 
both groups. Significant differences were not pres-
ent for either internal (19.2�±10.78� vs. 24.2�±8.67�, 
p=0.44) or external shoulder (13.6�±5.98� vs. 
9.0�±5.14�, p=0.23) rotation between the groups 
following the completion of the TMR® protocol. The 
use of TMR® produced essentially equal increases in 
IR and ER of the throwing shoulder, irrespective of 
whether the TMR® protocol was applied to the domi-
nant shoulder, applied in isolation, or applied after 
the warm-up between groups (Table 5, Figures 6 
and 7). Additionally, the use of TMR® corrected and 
improved any loss of ROM experienced following 
the use of the traditional warm-up protocol. 

DISCUSSION
In this study, a significant increase in ROM in bilateral 
shoulder internal and external rotation occurred in the 
TMRG compared to the TWG was observed. Addition-
ally, ROM deficits (i.e., decreased ER) recorded follow-
ing the traditional warm-up were improved upon with 
the addition of the TMR® protocol. Another interesting 
outcome is that the TMR® warm-up took over 5 min-
utes less time to complete than the traditional warm-
up and was often performed on the non-dominant 

Table 5. Group Means Data: Change in IR and ER of the Dominant Shoulder for Complete Intervention

TMRG= Total Motion Release Group; TWG= Traditional Warm-Up Group. 

Shoulder ROM TMRG TWG p -Value Cohen’s D 95% CI 

Change in IR 19.2˚ ± 10.78˚ 24.2˚ ± 8.67˚ 0.44 -0.51 -19.27, 9.27 
Change in ER 13.6˚ ± 5.98˚ 9.0˚ ± 5.14˚ 0.23 0.82 -3.51, 12.71 
Values presented are mean ± SD.  
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side (i.e., the AR pattern was performed on non-domi-
nant arm in 60% of the TMRG participants and 40% of 
the TWG participants). The use of the TMR® protocol 
to produce significantly greater ROM improvement 
in less time, without clinician assistance, and while 
treating the non-dominant side provides potentially 
meaningful clinical and practical implications for 
intervention strategies aimed at improving IR and ER 
of the dominant arm in baseball players. Also, unlike 
the results found in the TWG after utilizing the tradi-
tional warm-up program, the use of TMR® (which is 
performed to the good side) did not appear to create 
further ROM discrepancies, but rather improved total 
ROM and the ratio between IR and ER of the shoul-
der. Irrespective of the order, both groups experienced 
similar results after completing the TMR® protocol. 
Clinically, this is significant because a short interven-
tion, applied to the “good” side, can produce a large 

ROM increase in the dominant shoulder and resulted 
in improvements to both IR and ER; however, the 
long-term effects and impact on performance of this 
TMR® protocol are unknown. 

Laudner, Sipes, and Wilson26 examined the acute 
effects of the clinician-assisted sleeper stretch and 
found performing 3 sets of a 30-second stretch 
resulted in 3.1� and 2.3� improvement in IR ROM 
and horizontal adduction ROM of the shoulder, 
respectively. Oyama, Goerger C, Goerger B, Lephart 
and Meyers27 utilized a passive stretch protocol that 
consisted of a horizontal cross-arm stretch, a stand-
ing sleeper stretch with the arm at 90� of abduction, 
and a standing sleeper stretch with the arm at 45� 
abduction. All of the stretches were performed for 
3 sets with a 30-second hold that resulted in a mean 
improvement of 4.3� in internal shoulder rotation. 
Sauers, August, and Snyder28 produced a statistically 
significant change in ER (average gain of 7.6�) and 
IR (average gain of 9.2�) using the Fauls modified 
stretching routine to produce acute increases in 
shoulder complex ROM. Moore, Laudner, McLoda, 
and Shaffer29 used a single application of Muscle 
Energy Technique (MET) that consisted of a 5-sec-
ond isometric contraction at 25% maximal against 
examiner provided force, followed by the examiner 
applying a 30-second active assisted stretch for a 
total of 3 repetitions to improve shoulder IR ROM. 
Participants gained an average of 4.2� following the 
intervention.28 

In the current study, the TWG experienced ROM 
changes similar to previously published research 
examining traditional techniques to improve acute 
ROM after the initial warm-up protocol.27,28,29 The 
TMRG, in contrast, experienced changes that were 
largely superior for increasing IR and ER ROM of 
the shoulder. Additionally, the TWG experienced 
larger increases in ROM following TMR® treatment; 
however, the ER changes were not statistically sig-
nificant. The lack of a statistically significant change 
may be due to the small sample size or the potential 
ceiling effect in ER as this population is known to 
have increased ER when compared to the general 
population.30 Following the completion of the TMR® 
protocol, both groups experienced similar gains 
which provides support for TMR® warm-up (protocol) 
being an effective intervention at addressing ROM 

Figure 6. Pre and Post Total Intervention Mean IR ROM of the 
Dominant Shoulder ± SEM for TMRG and TWG.

Figure 7. Pre and Post Total Intervention Mean ER ROM of the 
Dominant Shoulder ± SEM for TMRG and TWG.
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deficiencies in this group of participants. Although 
not a purpose of this study, participants also reported 
feelings of increased ease during throwing and anec-
dotal reports of increased velocity following TMR® 
interventions. These anecdotal reports warrant fur-
ther investigation in future research studies. 

LIMITATIONS AND FUTURE RESEARCH
As with all studies, limitations were present. The 
small sample size presents the risk of an uninten-
tional sampling bias and increases the risk of Type II 
error. The small standard deviations and strong effect 
sizes (e.g., Cohen’s D), however, provide a level of 
confidence that the results are true for our sample, 
are the result of the intervention applied, and are 
likely to continue to be found if a larger sample had 
been studied.31 Additionally, the lack a position-spe-
cific warm-up protocol may limit the generalizability 
to all baseball players or warm-up protocols. Future 
studies that examine if using a full TMR® treatment 
process is more beneficial and if TMR® treatment is 
region specific (e.g., using the TT primarily increases 
shoulder ROM versus hip ROM) are needed. Addi-
tionally, future research should compare TMR® inter-
vention to other warm-up activities or stretching 
protocols that include more position and activity 
specific movements (e.g., resistance bands) in the 
general baseball population. The results, however, 
are encouraging, with potentially the most interest-
ing results being the increases in both IR and ER, 
since most previous interventions have documented 
an indirect correlation between IR and ER changes 
with some eliciting no change.3,21,32 Currently, it is 
not known how this simultaneous increase affects 
throwing velocity, injury rates overtime, and the 
retention of ROM increases. Future study of TMR® 
should assess its effect across multiple variables 
(e.g., ROM increase retention, injury rates, throwing 
velocity). 

CONCLUSION
In this study, Total Motion Release® appeared to be 
an effective, hands-free intervention for improving 
dominant shoulder ROM in the overhead throw-
ing athlete when compared to a traditional warm-
up protocol. The simplicity of the two Total Motion 
Release® movements utilized during this study made 
it easy for the participants to identify the “good” side 

during the TT and AR motions. The TMR® interven-
tions do not require large amounts of space, can 
be performed anywhere, are not dependent upon 
another individual to perform the therapy (apply a 
stretch), and often require less time than traditional 
warm-up/stretching protocols. While the participants 
experienced statistically significant changes for IR 
and ER ROM that far exceeded the published expec-
tations for improving shoulder ROM after utilizing 
TMR®, further research is needed to determine the 
duration of effect of a TMR® warm-up such as was 
utilized in this research.

REFERENCES
 1. Baker TD. Total Motion Physical Therapy. TMR 

History. http://www.totalmotionpt.com/what-is-tmr/
tmr-history/, Accessed April 24 2014. 

 2. Fortenbaugh D, Fleisig G, Andrews J. Baseball 
pitching biomechanics in relation to injury risk and 
performance. Sports Health. 2009;1(4):314-320.

 3. Fleisig GS, Andrews JR, Dillman CJ, Escamilla RF. 
Kinetics of baseball pitching with implications about 
injury mechanism. Am J Sports Med.1995;23:233-239. 

 4. Werner SL, Gill TJ, Murray TA, Cook TD, Hawkins 
RJ. Relationships between throwing mechanics and 
shoulder distraction in professional baseball pitchers. 
Am J Sports Med. 2001;29:354-358.

 5. Werner SL, Guido JA, Stewart GW, McNeice RP, 
VanDyke T, Jones DG. Relationships between 
throwing mechanics and shoulder distraction in 
collegiate baseball pitchers. J Shld Elbow Surg. 
2007;16:37-42. 

 6. Mair SD, Uhl TL, Robbe RG, Brindle KA. Physical 
changes and range of motion differences in the 
dominant shoulders of skeletally immature baseball 
players. J Shld Elbow Surg. 2004;13:487-491. 

 7. Wright RW, Steger-May K, Klein SE. Radiographic 
fi ndings in the shoulder and elbow of major league 
baseball pitchers. Am J Sports Med. 2007;35:1839-1843. 

 8. Scher S, Anderson K, Weber N, Bajorek J, Rand K, 
Bey M. Associations among hip and shoulder range 
of motion and shoulder injury in Professional 
Baseball players. J Athl Train. 2010;45(2):191-197.

 9. Laudner KG, Moore SD, Sipes RC, Meister K. 
Functional hip characteristics of baseball pitchers 
and position players. Am J Sports Med. 
2010;38(2):383-387.

10. Huffman GR, Tibone JE, McGarry MH, Phipps BM, 
Lee YS, Lee TQ. Path of glenohumeral articulation 
throughout the rotational range of motion in a 
thrower’s shoulder model. Am J Sports Med. 
2006;34:1662-1669.



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 517

11. Spigelman T. Identifying and Assessing 
Glenohumeral Internal-Rotation Defi cit. Athl Ther 
Today. 2006;11(3):32-34. 

12. Starkey C, Brown S, Ryan J. Shoulder and Upper 
Arm Pathologies. Examination of Orthopedic Athletic 
Injuries. 2010:644-645.

13. Bigliani LU, Codd TP, Connor PM, Levine WN, 
Littlefi eld MA, Hershon SJ. Shoulder motion and 
laxity in the professional baseball player. Am J Sports 
Med. 1997;25:609-613.

14. Grossman MG, Tibone JE, McGarry MH, Sch neider 
DJ, Veneziani S, Lee TQ. A cadaveric mod el of the 
throwing shoulder: a possible etiology of superior 
labrum anterior-to-posterior lesions. JBJS (Am). 
2005;87:824-831. 

15. Andrews JR, Wilk KE. Shoulder injuries in baseball. 
The Athlete’s Shoulder. 1994:369-389.

16. Crockett HC, Gross LB, Wilk KE. Osseous adaptation 
and range of motion at the glenohumeral joint in 
professional baseball pitchers. Am J Sports Med. 
2002;30:20-26.

17. King J, Brelsford HJ, Tullos HS. Analysis of the 
pitching arm of the professional baseball pitcher. 
Clin Orthop Rel Res. 1969;67:116-123.

18. Warner JJ, Micheli LJ, Arslanian LE, Kennedy J, 
Kennedy R. Patterns of fl exibility, laxity, and 
strength in normal shoulders and shoulders with 
instability and impingement. Am J Sports Med. 
1990;18:366-375. 

19. Myers JB, Laudner KG, Pasquale MR, Bradley JP, 
Lephart SM. Glenohumeral range of motion defi  cits 
and posterior shoulder tightness in throwers with 
pathologic internal impingement. Am J Sports Med. 
2006;34:385-391. 

20. Wilk K, Macrina L, Fleisig G, Porterfi eld R, Simpson 
C, Harker P, Paparesta N, Andrews J. Correlation of 
Glenohumeral Internal Rotation Defi cit and Total 
Rotational Motion to Shoulder Injuries in 
Professional Baseball Pitchers. Am J Sports Med. 
2011;39(2):329-335. 

21. Miyashita K, Urabe Y, Kobayashi H, Yokoe K, 
Koshida S, Kawamura M, Ida K. The role of shoulder 
maximum external rotation during throwing for 
elbow injury prevention in baseball players. J Sports 
Sci Med. 2008;7:223-228.

22. McCulloch P, Patel J, Ramkumar P, Noble P, Lintner 
D. Asymmetric Hip Rotation in Professional Baseball 
Pitchers. Orthop J Sports Med. 2014;2(2):1-6. 

23. Fredrick G, Szymanski. Baseball (Part 1): Dynamic 
Flexibility. J Str Condit. 2001;23(1):21–30.

24. Haag S, Wright G, Gillette C and Greany F. Effects of 
Acute Static Stretching of the Throwing Shoulder on 
Pitching Performance of National Collegiate Athletic 
Association Division III Baseball Players. J Str Condit. 
2010;24(2):452–457.

25. Wilmore J, Costill D, Kenney W. Prescription of 
exercise for health and fi tness. Phys Sport Exerc. 
2008;19:464-466.

26. Laudner KG, Sipes RC, Wilson JT. The acute effects 
of sleeper stretches on shoulder range of motion. 
J Athl Train. 2008;43:359-363. 

27. Oyama S, Goerger C, Goerger B, Lephart S, Meyers 
J. Effects of non-assisted posterior shoulder stretches 
on shoulder range of motion among collegiate 
baseball pitchers. Athl Train Sports Health. 
2010;2(4):163-170.

28. Sauers E, August A, Snyder A. Fauls stretching 
routine produces acute gains in throwing shoulder 
mobility in collegiate baseball players. J Sport Rehab. 
2007;16:28-40.

29. Moore S, Laudner K, Mcloda T, Shaffer M. The 
Immediate effects of Muscle Energy Technique on 
Posterior Shoulder Tightness: A Randomized Control 
Trial. J Orthop Sports Phys Ther. 2011;41(6):400-407.

30. Lintner D, Mayol M, Uzodinma O, Jones R, 
Labossiere D. Glenohumeral Internal Rotation 
Defi cit in Professional Baseball Pitchers Enrolled in 
an Internal Rotation Stretching Program. Am J Sports 
Med. 2007;35(4):617-621. 

31. Cohen J. Statistical Power and Analysis for the 
Behavioral Sciences. 2nd edition. Lawrence Erlbaum 
associates. 1998:273-406. 

32. Maenhout A, Van Eessel V, Van Dyck L, Vanraes A, 
Cools A. Quantifying Acromiohumeral Distance in 
Overhead Athletes with Glenohumeral Internal 
Rotation Loss and the Infl uence of a Stretching 
Program. Am J Sports Med. 2012;40(9):2105-2112.



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 518

ABSTRACT
Purpose/Background: The Upper Quarter Y Balance Test (YBT-UQ) was developed as a way to identify upper extremity 
and trunk mobility in the open kinetic chain in the reaching limb as well as midrange limitations and asymmetries of upper 
extremity and core stability in the closed kinetic chain on the stabilizing limb. Performance on the YBT-UQ is similar 
between genders and between limbs; however, this has not been examined in athletes who participate in sports that result 
in upper extremity asymmetries. The primary purpose of this study is to determine if differences exist between the throw-
ing vs. non-throwing sides in high-school baseball and softball athletes on the YBT-UQ. 

Methods: In order to complete this forty-eight male high school baseball players and seventeen female high school softball 
players were tested on the YBT-UQ. Reach distances were normalized to arm length (% AL). Comparisons were made 
between the throwing (T) and non-throwing (NT) arm for each direction as well as the composite score. 

Results: No significant differences were observed between the T and NT arm for the medial (NT: 98.4 ± 8.6 %AL, T: 99.1 
± 8.6 %AL, p=0.42), inferolateral (NT: 90.8 ± 11.8 %AL, T: 90.3 ± 11.5 %AL, p =0.61), superolateral (NT: 70.6 ± 10.9 %AL, 
T: 70.4 ± 11.1 % AL, p=0.91) reaches, or the composite score (NT: 87.2 ± 8.9 % AL, T: 86.6 ± 8.1 %AL, p=0.72). Similarly, 
no differences were observed between the male baseball and female softball players (p=0.30-0.90). 

Conclusions: Based on these findings, it was concluded that there was no difference in performance on the YBT-UQ between 
throwing and non-throwing limbs in high school baseball and softball players. 

Level of Evidence: 3

Key Words: Functional testing, movement, screening, stabilization
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INTRODUCTION
Shoulder injuries have been estimated to occur at a 
rate of 2.27 per 10000 to athlete exposures across high 
school sports.1 High school baseball and softball ath-
letes exhibited some of the highest injury rates (4.5 
per 1000 athlete exposures) with the majority of these 
injuries being overuse in nature.1,2 In high school 
baseball players, the throwing shoulder is the most 
common site of injury with a rate of 17%. 3 Pitching 
accounts for 13% of the injuries in this group.3 These 
injuries have been associated with elevated pitch 
counts and limited range of motion in the shoulder 
complex.4-6 During the rehabilitation of these injuries 
it is suggested that the injured tissues are progres-
sively loaded while integrating in local joint specific 
rehabilitation components with body region move-
ments, core stabilizing exercises/activities, and even-
tually, functional patterns.7 The role of anatomical 
variation of the humerus on normal arthrokinematic 
changes and it’s relationship to shoulder biomechan-
ics has been extensively reported upon in the litera-
ture, however there is less reported on basic closed 
kinetic chain tests of the upper extremity that may 
have relevance in progressing a patient during reha-
bilitation who participates in throwing sports.8-21 

 There are currently few tests that assess closed chain 
upper quarter function, as opposed to sports specific 
tests, and only one prior study has examined throw-
ing athletes. The primary non-sport specific tests of 
basic closed chain upper extremity function are the 
Closed Kinetic Chain Upper Extremity Stability Test 
(CKCUEST), the One-arm Hop Test, and the Upper 
Quarter Y Balance test (YBT-UQ).22-24 The CKCUEST 
scores how often an individual can tap the floor past 
the contralateral hand while maintaining an upright 
pushup position with their feet and stabilizing hand 
in contact with the ground while keeping their hands 
36 inches apart. In comparison, the One-arm Hop 
test measures a more powerful movement by record-
ing how long it takes an individual to hop with their 
hand onto a 10.2 cm step 5 times from a 3-point plank 
position (contralateral hand placed behind back). 
Finally, the YBT-UQ examines how far an individual 
can reach with one hand in the medial, inferolateral 
and superolateral directions while maintaining a 3-
point plank position on the opposite hand. Isolating 
unilateral closed chain function may be beneficial 

in identifying unilateral upper quarter performance 
limitations in order to optimize intervention strat-
egies during rehabilitation of athletes who partici-
pate in movement activities where left and right 
upper extremities serve different roles. Based on 
expected performance requirements alone, it is 
likely that a continuum of testing exists that would 
suggest examining basic stability with the CKCUEST 
prior to testing a relatively low speed closed kinetic 
chain task (YBT-UQ) before finally examining a 
more powerful closed kinetic chain task (One Arm 
Hop). Utilization of the YBT-UQ may have a broader 
application in the adolescent and youth setting due 
to the reduced need of upper quarter power to per-
form the test. Research on all of the aforementioned 
tests has suggested that performance does not dif-
ferentiate between sides; however, the subjects dur-
ing the study did not participate in sports that result 
in the large upper extremity asymmetries associ-
ated with throwing activities.22,24,25 Reliability on all 
of the aforementioned tests has been established, 
however, the inherent validity of these tests is still 
being established. The primary benefit of these data 
is to provide an understanding of normal asym-
metry on tests of upper quarter function, however, 
none of the aforementioned studies have examined 
a cohort that participates in activities that promote 
upper quarter asymmetry, such as baseball and soft-
ball, thus research in this area is beneficial. It may 
be that these glenohumeral adaptations associated 
with participating in baseball and softball may bias 
performance on a unilateral basic test of shoulder 
complex closed chain function. 

Previous research on upper extremity symmetry 
supports the concept of side-to-side differences, how-
ever, to date little is known about bilateral differences 
in scores of basic closed-chain shoulder function in 
baseball and softball athletes. As a result, the primary 
purpose of this study is to determine if differences 
exist between the throwing vs. non-throwing sides 
in high-school baseball and softball athletes on the 
YBT-UQ. A second purpose of this study is to exam-
ine performance differences between male baseball 
and female softball athletes scores of the YBT-UQ. 
Based on previous research it is not expected that 
differences will exist between throwing and non-
throwing sides or across genders.24,25
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METHODS
Sample size estimates for the current study were devel-
oped by using an α = 0.05, β = 0.20 and a meaningful 
difference of 10% using previously published work.24 
Sample size estimates across the multiple reach direc-
tions were calculated manually and revealed that 28-
42 subjects would be needed to adequately power the 
study. As a result the research team aimed to obtain 
data from 50 baseball and softball players in order 
to count for potential dropout. Athletes at two high 
schools completed the testing as part of their standard 
pre-participation physical testing (n = 48, 15 pitch-
ers, age: 15.8 +/- 1.2 years) and softball (n = 17, 4 
pitchers, age: 15.2 +/- 1.1 years). Any athlete who was 
currently painful (has pain but was participating in 
normal training), exhibited pain during the testing, or 
was currently injured (currently not participating do to 
injury) was excluded from the study. All other athletes 
who were currently participating in full team activi-
ties were included in the study. The data were entered 
into a centralized database from which de-identified 
data were extracted and analyzed. The research pro-
tocol was approved by the institutional review board 
prior to data analysis. Forty-eight high school baseball 
players and seventeen high school softball players 
comprised the final sample, upon whom testing was 
performed during pre-season physicals. The average 
age of the baseball players was 15.8 +/- 1.2 years and 
the average age of the softball players was 15.1 +/- 1.1 
years. The average upper limb length of the athletes 
was 90.8 +/- 4.0 cm for the baseball players and 83.7 
+/- 4.2 cm for the softball players.

Procedures
The YBT-UQ test was utilized in order to examine 
upper quarter closed chain function in the high school 
baseball and softball players. The YBT-UQ has previ-
ously been established as a reliable functional test of 
the upper quarter and it has been determined that 
gender or bilateral differences do not exist in an active 
adult population.24,25 Previous research on the YBT-UQ 
has suggested that performance on the test exhibits 
moderate correlation with established shoulder and 
core stability measures.25 Reliability measures for the 
research team were established across the testers in 
order to maximize testing validity (Inter-rater ICC: 
0.99-1.00, Inter-session ICC: 0.92-0.95). Prior to the 
testing, the upper quarter limb length of each athlete 

was measured with the athlete standing with their feet 
together and their shoulder in 90 degrees of abduction 
in the frontal plane per protocol. In this position, a 
cloth tape measure was used to determine the distance 
(cm) from the spinous process of the 7th cervical verte-
brae to the tip of the right middle finger. The YBT-UQ 
examines the ability of an individual to perform a uni-
lateral activity while maintaining a three-point plank 
position (one hand and two feet in contact with the 
ground) with the feet shoulder width apart. During 
the test, the athlete reaches in the three reach direc-
tions (medial, inferolateral, and superolateral [cm]) in 
a systematic order. Each trial of the YBT-UQ consisted 
of the athlete reaching in the three reach directions 
(cm) then subsequently returning to the starting posi-
tion in a controlled manner (Figure 1). In order for 
the trial to be acceptable the following criteria had to 
be maintained: 1) three points of contact had to be 
maintained between the floor and the hand and feet, 
2) the athlete could not use momentum to move the 
reach box (i.e. push the box), 3) the athlete could not 
let the reach hand touch the ground during the trial, 
4) the athlete could not use the top of the reach box 
or the testing equipment to help stabilize their body. 
In order to orient the athlete to the testing procedure, 
two practice trials were completed on the right side 
followed by two practice trials on the left side. The 
tested side was named based on which hand was 
providing support during the trial. After the practice 
trials were completed three performance trials were 
completed for each side, right followed by left. All of 
the athletes were asked if pain was present during the 
practice and performance trials. A Y Balance Test Kit 
(Move2Perform, Evansville, IN) and the YBT-UQ pro-
tocol was used during the testing sessions.24

The primary variables of interest for the study 
were the maximum reach in the medial, superolat-
eral, and inferolateral directions for the throwing 
and the non-throwing sides as well as the symme-
try between the throwing and non-throwing sides 
for each independent reach direction. In order to 
complete this analysis the maximum score for each 
reach direction was extracted to represent the end 
range of each individual’s performance. The average 
maximum normalized reach across the three direc-
tions was calculated for each side in order to record 
a composite score for each subject. 
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Statistical Analyses
The data collected from the study were statistically 
analyzed with SPSS (version 17.0, Chicago, IL). Com-
parisons on the YBT-UQ between the throwing and 
non-throwing sides were completed using a depen-
dent samples t-test. This statistical model was uti-
lized over an ANOVA to examine specific difference 

for each of the independent reach directions. Mean-
while, the gender differences were analyzed using 
an independent samples t-test. All statistically sig-
nificant differences were identified at p<0.05. Effect 
size indices (ESI: absolute value of [Mean Softball 
– Mean Baseball]/ Pooled SD) were also calculated 
for all comparisons due to a lower number of soft-
ball players in comparison with the baseball players. 
Any ESI over +/- 0.7 would be considered large and 
any lack of statistical significance with an ESI of this 
size may be attributed to limitations in sample size.

RESULTS
No differences were found for any of the reach direc-
tions or the composite score between the throwing and 
non-throwing sides. (p=0.42-0.91, ESI: 0.01-0.08, Table 
1, Figure 2) Performance on the test was greatest for 
the medial reach, followed by the inferolateral reach, 
and superolateral reach when examining the normal-
ized reach scores. The composite score was also not 
statistically significant (p=0.72) with values being 
87.2 +/- 8.9 % limb length (LL) for the non-throwing 
side and 86.6 +/- 8.1 % LL for the throwing side.

No difference in performance was observed between 
the genders for any of the reach directions or the 
composite reach (p=0.30-0.90, ESI: 0.09-0.16, Table 
1, Figure 3). Both male and female subjects exhib-
ited higher scores in the medial and inferolateral 
directions when compared with the superolateral. 
The composite reach for males and females was 

Figure 1. Performance on the Upper Quarter Y Balance test 
in the three reach directions (a. medial, b. inferolateral, c. 
superolateral).

Figure 2. Differences in performance on the Upper Quarter 
Y Balance Test between the throwing and non-throwing hands 
(* designates p<0.05, %LL = % limb length).
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87.1 +/- 8.6 % LL and 86.3 +/- 8.4 % LL respectively, 
which was not a statistically significant (p=0.63) dif-
ference either.

DISCUSSION
Upper quarter injuries are common in athletes, par-
ticularly in sports involving a high level of repetitive 
overhead activity.1,3 However, few closed kinetic 
chain tests have been identified for the upper quar-
ter to identify athletes with deficits of performance 
in this region, which can be of particular relevance 
when progressing an athlete through rehabilitation 
of an injury.7,22-24 The YBT-UQ has previously been 
identified as being a reliable test to assess basic 
closed kinetic chain ability of the upper quarter in a 
3-point plank position.24 The purpose of the current 
study was to identify if performance on the test was 
affected by which side was utilized to stabilize the 
body during the performance. The results of the cur-
rent study suggest that no difference exists between 
the throwing and non-throwing sides when perform-
ing the YBT-UQ. In addition, there does not appear 
to be an inherent gender difference attributed to 
performance on the YBT-UQ test.

Few studies have examined upper extremity mea-
sures of closed chain performance. Falsone and 
colleagues22 reported that no difference existed on 
the One Arm Hop test between dominant and non-
dominant sides when tested in college athletes. 
Similar findings were recently reported on the YBT-

UQ.24,25 Gorman and researchers24 examined a group 
of active male (n = 51) and female (n=45) adults 
and observed no statistically significant differences 
between the men and women as well as no statisti-
cally differences between left and right sides. Simi-
lar work was conducted by Westrick and colleagues25 
who examined a cohort of male (n = 24) and female 
(n = 6) soldiers using the YBT-UQ and observed no 
statistically differences between genders although 
the study had a limited female sample size. To date, 
however, no other studies have examined perfor-
mance on this test in high school throwing athletes. 
The results of the present study suggest that inher-
ent differences between sides do not exist during a 
basic closed kinetic chain task. Since performance 
on the YBT-UQ did not occur at end range joint range 
of motion it is hypothesized that end range adapta-
tions in joint function would not have a significant 
effect on performance of this test. Larger asym-
metries in local glenohumeral function has been 
observed in more experienced athletes (college and 
professional) and as a result it is relevant to conduct 
additional testing in these populations. In addition, 
it may be that athletes who exhibit different levels of 
spinal mobility (i.e. gymnasts, divers, or wrestlers) 
that are required for successful skill specific tasks 
may perform differently on the YBT-UQ. The sport-
based difference in performance has previously been 
observed on the star excursion balance test and thus 
may warrant investigation on the YBT-UQ. 

The current study is one of few that has examined 
whether gender differences exist in upper quarter 
functional testing. There are currently no published 
research studies examining the effect of gender on 
the CKCUEST or one arm hop test. Two prior studies 
on the YBT-UQ revealed no differences between gen-
ders in a group of active adults, which is similar to 
the findings of the current study24,25. It is important 
to reiterate that this is likely due to the fact that the 
reach distances are normalized. One study examin-
ing higher-level performance measures did reveal 
that females perform lower than males in tasks that 
required a higher level of upper extremity strength 
and power.26 The findings of this study suggest that 
performance deficits in females may not become 
apparent until achieving a certain level of loading. 
However, additional work needs to be conducted in 

Figure 3. Differences in performance on the Upper Quarter 
Y Balance Test between the female and male subjects (* des-
ignates p<0.05, %LL = % limb length).
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this area particularly when loads and performances 
are normalized to anthropometric properties.

Since it has been suggested that performance varies 
on the lower quarter version of this test (Star Excur-
sion Balance Test and Lower Quarter Y Balance Test) 
based on competition level, gender and sport 27,28, 
it would be reasonable to expect that performance 
on the YBT-UQ would demonstrate similar variance. 
Future studies should examine if there are gender 
differences for other sports and at other competition 
levels as well as if performance is different across 
different competition levels and sports alone.

Several limitations exist with the current study and 
its application. Primarily, the cohort is small, particu-
larly the softball group, and limited in heterogeneity 
since all of the data were collected across two sites 
and as a result the external validity of the study is 
limited. The small sample size in the study may have 
increased the potential of a type II error, however 
based on the effect size index calculation any poten-
tial difference due to limited sample size alone would 
be small in nature and may have limited clinical rel-
evance. Additional research with larger samples and 
different populations should examine these relation-
ships in athletes who participate in sports where 
overhead function is asymmetrical. In addition, ath-
letes of higher performance level(s) should be tested 
and compared to better understand how athletic 
strength, skill and experience influences the results 
of this type of testing. It may be that athletes with 
more ingrained motor programs would demonstrate 
larger asymmetries in these basic closed kinetic chain 
upper quarter patterns compared to high school aged 
athletes. Finally, it should be acknowledged that the 
YBT-UQ tests closed kinetic chain function in mid 
range while simultaneously examining open kinetic 
chain function across a range of motion and thus 
serves primarily to examine the basic movement 
ability as opposed to the skill specific task. Inclusion 
of additional local measures of glenohumeral joint 
function, e.g. internal rotation range of motion and 
total arc of motion, to the current study would have 
been of benefit in order to understand how local 
glenohumeral function effects basic upper quarter 
closed kinetic chain performance.

Upper quarter functional testing research has many 
facets that still need to be examined. Currently the 

results of the test can serve as an indicator of average 
upper quarter function when looking for reference 
measures during the rehabilitation in high school 
athletes recovering from an upper quarter injury. It 
is important to understand how performance on the 
YBT-UQ varies in other sports that involve a high fre-
quency of overhead activity and to see if the same 
trends hold true with respect to gender and side-to-
side differences. While, the average side to side dif-
ference reported in this study was not statistically 
different, 15% of the athletes did exhibit a difference 
of >10% which may suggest that inherent symme-
try on this test cannot be assumed. It is also relevant 
to examine how these relationships change in ath-
letes as years of experience increase. Performance 
on the test is likely based on a combination of joint 
mobility, motor control and proprioception and it 
would be helpful to understand if any of these fac-
tors dominate the overall performance on this test. 
It is likely that performance on the test is not only 
multi-factorial for a given joint but it is also expected 
to be multi-segmental. In the interim it may be ben-
eficial to utilize the YBT-UQ as a continuous measure 
of upper quarter closed kinetic chain stabilization, 
to follow CKCUEST testing and proceed One Arm 
Hop testing, which would be beneficial to normalize 
in order to maximize performance of the peripheral 
segments in achieving the high velocity associated 
with throwing.

CONCLUSION
In conclusion, performance on the YBT-UQ does 
not appear to be affected by which hand is used to 
stabilize the body when testing overhead throwing 
high school athletes. In addition, there are no inher-
ent differences between genders in high school aged 
athletes albeit additional research should be con-
ducted in this area due to the lower number of soft-
ball athletes examined in this study. Current clinical 
application of the YBT-UQ could consist of utiliz-
ing the test to determine if The results of the cur-
rent research suggest that no statistically significant 
bilateral differences in upper quarter closed kinetic 
chain function exist in high school baseball and soft-
ball players. Initially this would suggest that base-
ball and softball players during rehabilitation should 
not exhibit significant asymmetries on the YBT-UQ, 
regardless of a preferential throwing side.
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ABSTRACT
Background and Purpose: As the profound health and cost benefits of physical activity to society are 
established and participation guidelines implemented, health practitioners are increasingly expected to 
utilize efficacious and justified injury management and prevention strategies. The complex and multi-
factorial nature of sports injury makes elucidation of multiple risk factors and how they may subtly and 
variably interact, difficult. The purpose of this case report is to discuss the differential diagnosis, acute 
management and rehabilitation of a case of medial tibial stress syndrome (MTSS) in a surf life-saving 
athlete, in the context of sports injury prevention. 

Case Description: The subject of this case study, a 15 year old female surf life-saving competitor, pre-
sented to the physiotherapist (PT) with recent onset, first episode, bilateral, diffuse posteromedial shin 
pain. Differential diagnosis, acute management, rehabilitation and preventative strategies for the subject 
are presented. 

Discussion: Emerging injury surveillance research in surf life-saving suggests minor and major trauma 
as primary causative factors, however, the significance of high training volumes is likely underestimated. 
The influence of biomechanical, and subtle arthrokinematic dysfunctions on established risk factors for 
MTSS injury and prevention of re-injury for this subject, are also discussed. Furthermore, the concept of 
preventing tibial stress fracture (TSF) by successfully managing acute MTSS, is presented. Lastly, a criti-
cal analysis of reliability of clinical assessment methodologies utilised with the subject is provided.

Level of Evidence: Level 5; Single case report

Key Words: Bone stress injury, differential diagnosis, medial tibial stress syndrome, sports injury pre-
vention, tibial stress fracture
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BACKGROUND AND PURPOSE
The health and cost benefits of physical activity and 
sport are well accepted with physical activity now 
accepted as potent medicine.1-7 However, the costs 
associated with sports related injury is not insignifi-
cant, both at recreational and professional levels.8-10 As 
physical activity implementation strategies evolve, sig-
nificance of sports injury prevention is likely to further 
increase, with a growing number of health disciplines 
expected to demonstrate efficacious management, in 
an ever increasingly competitive market.10-14 

Sports injury is complex, multifactorial and variable, 
with a myriad of risk factors, both intrinsic and extrin-
sic, modifiable and non-modifiable, likely precipitat-
ing a single injury during an ‘inciting event.’15 This 
has led research methodology to adopt a multivari-
ate analytical approach to sports injury surveillance, 
however, as the number of interrelated risk factors 
increases, the strength of their associations likely 
decreases.15 This renders authors of prospective injury 
risk factor studies often unable to identify small to 
moderate associations, due insufficient injury num-
bers.16 Nonetheless, sports injury prevention practice 
is also evolving towards establishing efficacy.11-12,17

Surf lifesaving is an international sport/movement 
aimed at reducing injury and death around beaches, 
supported by a comprehensive competitive program.18

In Australia, it is largely an amateur, multi-disci-
pline sport involving athletes from 15 years of age to 
“open” age, underpinned by a comprehensive junior 
or ‘nippers’ development program.19 Athletes are eli-
gible for ‘Masters’ competition once they are over 30 
years of age. Surf Life Saving Australia (SLSA) is the 
major organiser of surf sport competition in Austra-
lia, with over 310 affiliated surf lifesaving clubs and 
over 158,000 members nationwide.20 Club, regional, 
state, national and international competitions, typi-
cally called ‘carnivals,’ are held throughout the year, 
with the domestic Australian season spanning Sep-
tember through March. Carnivals are typically held 
on weekends, increase in frequency throughout the 
season and culminate in State and National Champi-
onships. Athletes typically train and compete in club 
squads. Surf sport disciplines include beach and flag 
sprints, swimming based events, surf craft (surf board 
and surf ski), surf boat racing, inflatable rescue boat 
(IRB) racing or other events such as ironman and 

ironwoman, a combined swim, ski and board event.19-

21 Many events involve short, unshod, beach sprints 
for transitions and finishes, effecting high impact 
and torsional loads on athlete’s lower limbs, likely 
potentiating medial tibial stress syndrome (MTSS). 
A description of events relevant to the case study is 
presented in Table 1, however, for a complete descrip-
tion of surf life- saving events the reader is directed 
to www.sls.com.au/members/surf-sport/disciplines. 

The accepted definition of MTSS is pain along the pos-
teromedial border of the tibia, typically in the distal third, 
worse during or just after exercise, with tenderness on 
palpation of at least 5cm and absence of stress fracture 
or ischaemic symptoms.22-24 Likely perpetuating factors 
for MTSS symptoms in this subject, including poten-
tial associations between ankle/foot arthrokinematics, 
sub-optimal kinetic chain function and excessive foot 
pronation, are described. The current understanding of 
the pathophysiology of MTSS, as well as the potential of 
preventing tibial stress fracture (TSF) through ‘success-
ful’ management of MTSS, on a bone stress injury (BSI) 

Table 1. Description of the subject’s surf sport events

Event & Description Illustration
Swim Surf Race – the Surf Race involves 
swimmers starting on the beach and then 
running, wading and swimming about 
170metres to sea around a set of buoys 
and then returning to the beach. The 
event concludes with a run finish to flags 
placed on the beach. 
Single surf ski race – from a floating 
start, competitors paddle their surf ski 
around three buoys and return to the 
finish line. The finish is judged when any 
part of the surf ski crosses the finish line 
with the competitor and their paddle all in 
contact. 
Surf board race – Standing start from the 
beach, each competitor enters the water 
with their surf board, paddles around all 
buoys and returns to the beach. The 
winner is judged by the first competitor 
to cross the finish line on their feet and in 
contact with their board. 
Ironwoman - The Ironwoman event is 
conducted over a course consisting of 
three components, including a swim, a 
surf ski, and a surf board. The race 
concludes with a beach sprint to the 
finish line. The order of the legs may 
vary and is decided by draw prior to the 
event.
Permission for use and images supplied
courtesy of Surf Life Saving Australia. 
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continuum, with respect to the current scientific body 
of evidence, is also discussed.22-23

The purpose of this case report is to discuss the dif-
ferential diagnosis, acute management, and reha-
bilitation of a case of medial tibial stress syndrome 
(MTSS) in a surf life-saving athlete, in the context of 
sports injury prevention.

CASE DESCRIPTION
The subject of this case report is 15 year old female 
surf lifesaving competitor who presented with bilat-
eral MTSS. The subject participated in the swimming 
surf race, single surf ski, surf board, and ironwoman 
competitions. Common to many junior surf sport 
athletes, she participates in individual age and open 
categories, plus relays, potentially competing in 
20 events in one day. Mid-week training is bi-daily 
including strength and conditioning and running-
based fitness work. All beach training and competi-
tion is conducted barefoot, whereas road/grass/hill 
running is carried out shod. The athlete’s weekly 
training schedule is presented in Table 2. The subject 
approached the physiotherapist (PT) during a carni-
val near the start of the season, reporting insidious 
onset, first episode, bilateral, distal third posterome-
dial shin pain, which started two days earlier after 
her second hill running session of the season. She did 
not present to staff for assessment during these two 
days, retrospectively reporting mild symptoms only, 
noticeable after running or prolonged walking. She 
reported a significant worsening of symptoms during 
the carnival with successive events, until she deter-
mined that she was unable to compete effectively. At 
that time she presented to the PT for this injury. An 
injury timeline is presented in Appendix1.

INITIAL EXAMINATION 
Assessment revealed moderate diffuse tenderness in 
the distal third of both left and right tibias postero-
medially, pain reported with a simple numerical rating 

scale (SNRS) was 6-7/10 bilaterally on light palpation, 
utilizing an adapted 3 point force of palpation scale 
of light, moderate, and firm.25-30 The soft tissues adja-
cent to the implicated area of the distal posterome-
dial tibia were also tender to palpation, however, this 
was deduced to be substantially less for the soft tissue 
compared to the bony tissue (2-3/10 on moderate pal-
pation). Tibial traction periostitis (TTP) through the 
soleus, tibialis posterior or flexor digitorum longus, is 
a popular inflammatory based pathophysiological the-
ory for MTSS, however, this is not supported by stud-
ies showing absence of attachment of these muscles in 
the distal tibia, the most common site for MTSS.22-23,31-

32 An in-vitro examinatioin of three cadaveric shanks 
demonstrated TTP through the deep crural fascia, 
however, histological and imaging studies are largely 
unsupportive as fascial or periosteal inflammation are 
seldom identified.33-35 This potentially identifies a sep-
arate and less common pathophysiological process or 
transitory state between muscle fatigue and BSI.23,36-38 
Conversely, evidence suggesting MTSS as a non-focal 
BSI is stronger, including evidence of diffuse periosteal 
and bone marrow stress, and local osteopenia which 
has been shown to resolve concurrently with symp-
tom resolution.35,37,39-43 The subject showed no signs of 
significant inflammation, her symptoms were local to 
the distal third of tibia, and muscle length and resis-
tance testing were unprovocative, suggesting MTSS 
rather than TTP.22,44 

Concomitant subjective examination revealed no sig-
nificant medical history, no reports of non-mechani-
cal symptoms such as night or resting pain, no current 
or previous history of low back pain, nor altered sen-
sation or muscular weakness, indicating that systemic 
or proximal lumbar causes were highly unlikely and 
neurological examination unnecessary at that point in 
time.45 Given absence of resting or night pain, and lack 
of focal tenderness usually associated with TSF, it was 
not highly suspected.22-23.46 Differential diagnosis of 
early chronic exertional compartment syndrome was 
provisionally excluded as symptoms were worse rather 
than better immediately post exercise, and lacked the 
typical characteristics of muscular tightness, burn-
ing sensation or neurological symptoms.22-23,47 Simi-
larly, popliteal artery entrapment syndrome was not 
strongly suspected at this time.46-48 Provisional diag-
nosis of MTSS was made utilising ‘decision analyses’ 
in calculating post-test probabilities of the conditions 

Table 2. Weekly training schedule
Day Training 
Mon: 0500-0645 Swim, 1630-1700 Run, 1700-1800 Board. 
Tue: 0500-0645 Swim, 1615-1745 S&C, Run 
Wed: Rest AM, 1630-1700 Run, 1700-1800 Board 
Thu: 0500-0645 Swim, 1630-1730 Ski, 1730-1800 Run 
Fri: 0500-0645 Swim, 1300-1400 Gym, 1630-1700 Run, 1700-1

1800 Board 
Sat: Iron: Ski, Swim & Board, most of the day. 
Sun: Rest Day. 
Other training: No. 
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in this subject’s differential diagnoses, by factoring 
pre-test probabilities in the clinical demographic fac-
tored by estimated likelihood ratios of subjective and 
physical examination findings.49-50 A discussion of 
this process is presented in subsequent sections and 
is consistent with literature reporting careful history 
taking and physical examination as the current gold 
standard for the identification of MTSS.22-23 

Radiographs were not requested as they are unre-
liable in detecting MTSS.22-23 Magnetic resonance 
imaging (MRI), Computerised Tomography (CT) or 
Three Phase Bone Scan (TPBS) are of limited value 
in diagnosing MTSS, due to large variability between 
sensitivity and specificity (Table 3), and currently 
undetermined relevance to clinical and functional 
outcomes.22-23,51 Exception to this is where differen-
tial diagnosis is relatively uncertain and imaging 
may alter the management.22,49 For example, MRI 
and TPBS can be used to exclude TSF, inter-compart-
mental pressure testing is utilized for assessment of 
exertional compartment syndrome, and indirect or 
direct angiography utilized for suspected popliteal 
artery entrapment syndrome.22,37,47 

INITIAL INTERVENTION
As the provisional diagnosis was MTSS rather than 
TTP, cryotherapy was prescribed to help attenuate 
symptoms through hypoalgesic effects.52-54 Advice on 
application was ice bag with moist cloth for 15 minutes 
up to every two hours.55 Acetaminophen was permit-
ted as required, however, non-steroidal anti-inflam-
matory drugs were actively discouraged due apparent 
absence of inflammation, increased side effect pro-
file, and potential to hinder tissue healing.56 

The subject was known to have a high weekly train-
ing volume (Table 2). She was instructed to rest from 
further competition that weekend so as not to fur-
ther exacerbate symptoms and advised she could 
participate in swim and surf craft training during 
the week but to avoid any running until formal PT 

assessment at the weekly strength and conditioning/
physiotherapy session midweek. Training volume 
and activity modification have been shown to be the 
most effective interventions in MTSS.22-23,57 This epi-
sode led directly to the PT and coaching staff devel-
oping a sport specific, rehabilitative staged running 
guidelines (Table 4). Due to the relative low running 
component in surf sports (excluding beach and flag 
sprints), these guidelines potentially allow athletes 
to safely participate in full competition or maintain 
high level sport specific training, whilst impact loads 
with running are diminished.58-59 

Examination #2 (0.5 weeks after initial 
examination)
The subject reported being compliant with manage-
ment advice, had not run and only felt mild symptoms 
(SNRS VAS 1-2/10) after walking for approximately 1 
hour. Symptom progression throughout management 
course is presented in Table-5. She again reported no 
neurovascular symptoms, resting or night pain, con-
sistent with the initial examination. A quick lumbar 
screen of active range of movement, combined move-
ment, passive straight leg raise, and passive accessory 
intervertebral motion was normal, therefore further 
neurological examination was not deemed necessary 
at that time. Palpation to the distal posteromedial tib-
ias produced verbal SNRS of 1-2/10 with light palpa-
tion and 5-6/10 with moderate palpation.

Muscle length assessments of the lower limb were 
within normal limits.60-64 However, despite a normal 

Table 3. Reported sensitivity and specifi city ranges for 
imaging used in diagnosing MTSS23-24,51

Imaging Modality Sensitivity Specificity 
TPBS 74-90% 33-100% 
MRI 57-100% 33-100% 

 %001-88 %001-24 TC
TPBS= Three-phase bone scan; MRI=Magnetic Resonance Imaging; 
CT=Computerized Tomography 

Table 4. Staged Running Guidelines

Notes: Level 4 for restricted weight bearing. Progress to level 3 when full weight 
bearing but NO running with squad. Progression to 2A when full surf sport 
competition is allowed, but running impact loading in training is restricted. 2B is 
special category where athlete may be allowed to compete but running impact loads 
are restricted during beach transitions. Level 1, unrestricted. All progressions should 
be made with full consultation of the multidisciplinary team. 

Level 1:
Unrestricted Unrestricted running at training and competition. 
Level 2A: 
Training  restricted

May compete fully but running restricted at training 
under direction coach/physio/doctor.

Level 2B:
Competition 
restricted

Restricted sprinting. May compete but effort of sprint 
restricted under guidance from coach/physio/doctor 
(set as a percentage of maximum effort or limited 
number of repetitions or sets).  

Level 3:
No running with 
squad

Full weight bearing, no running in competition or 
squad training. May have separate staged running 
program under direction of PT separate to squad. May 
train other disciplines under guidance 
coach/physio/doctor. 

Level 4:
Protected weight 
bearing:

On crutches plus or minus protective orthosis/cast. 
Training other disciplines to be discussed with 
coach/physio/doctor. 
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active and passive physiological ankle dorsiflexion 
range of motion of approximately 20 degrees bilat-
erally, talocrural dorsiflexion in knee extension and 
subtalar neutral was restricted by soft tissue to approx-
imately 20 degrees short of neutral/plantar grade, 
bilaterally.65-68 The range approached neutral when 
the knee was allowed to flex thus the gastrocnemius 
was primarily implicated. This was likely perpetu-
ating excessive compensatory pronation to achieve 
adequate segmental dorsiflexion between shank and 
foot.66-69 Excessive pronation is a cited risk factor for 
MTSS, potentially through increased tibial bending or 
torsion.24,70 All muscle length range assessments by 
the PT were made using visual estimates of successive 
midpoints between the horizontal and vertical planes.71 
Although instrumented joint angle assessment is advo-
cated wherever possible and practical, particularly for 
inter-rater measures, very good intra-rater reliability 
of visual estimate of joint range of motion has been 
demonstrated by experienced clinicians.71-73 

Utilising elements of the Foot Posture Index in stand-
ing and calcaneus to tibial alignment during jogging, 
the subject was classified as an overpronator in static 
and dynamic weight bearing, respectively, (Table 

6).24,74-77 The subject reported she had previously 
been prescribed the use of foot orthoses, while shod, 
by a PT and podiatrist for a previous bout of anterior 
knee pain (AKP), but had discontinued their use for 
the previous six months. Not utilising these during 
shod walking and running was a possible contribu-
tor to her developing MTSS symptoms.22-23,78 

As squad athletes had already been screened with a 
training and vocation related injury questionnaire, 
created by the PT, at the beginning of the season, the 
subject had been identified with a history of a previ-
ous single episode of bilateral anterior knee pain asso-
ciated with running, resolved with physiotherapy and 
podiatry intervention. Kinetic chain screening by the 
PT during strength and conditioning sessions, identi-
fied a tendency to display mild dynamic knee valgus 
(DKV) bilaterally, particularly with one leg squat, lung-
ing and running.79-80 The screening was an adapted 
three point quality of movement scale (‘good’, ‘fair’ or 
‘poor’) for observed quality of movement during func-
tional weight bearing activities such as squats, one leg 
squats, lunges, walking and running, with DKV corre-
spondingly rated as ‘absent’, ‘mild’, or ‘pronounced.’81-

82 DKV likely potentiates MTSS through excessive 
tibial rotation resulting from excessive pronation and 
torque conversion at the sub-talar joint, providing par-
tial explanation for similarities in higher MTSS inci-
dence in females, amongst other lower limb injuries 
such as patellofemoral pain syndrome, illiotibial band 
syndrome, and anterior cruciate ligament compro-
mise.22,24,67,80,83-84 Static muscle testing of muscles of the 
hip was 5/5 and gluteal function was rated as ‘fair,’ also 
utilising the PT’s adapted movement quality and tar-
get muscle recruitment scale based on visual observa-
tion, palpation, and subjective reporting of sensation 

Table 6. Foot Posture Index (FPI)76

 FPI Left Right
1.Talar head palpation +2 +2 
2. Malleolar curves +1 +1 
3. Calcaneal position +1 +2 
4. Prominence TNJ region +1 +1 
5. Congruence MLA +1 +1 
6. Ab/Ad forefoot/rearfoot +1 +2 
TOTAL Score for Subject +7 +9 
Reference Values: Normal 0 to +5; Pronated +6 to +9; Highly
Pronated +10 or >; Supinated -1 to -4; Highly Supinated -5
or <. Abbreviations: TNJ (talonavicular joint); MLA (Medial
longitudinal arch); Ab (abduction); Ad (Adduction). 

Table 5. Symptom progression throughout management.course
Examination  Subjective complaints 

(SNRS/function) 
    Objective measure 
(SNRS/palpation) 

Initial 3-4/10 immediate with 
walking, increased 
attempts to run during 
carnival 

6-7/10 on light palpation of 
bony tissue 
2-3/10 on moderate palpation 
of adjacent soft tissue 

2 1-2/10 with walking 
approximately 1 hour 

1-2/10 on light palpation 
5-6/10 on moderate palpation 

3 1-2/10 with walking > 1 
hour 

0-1/10 on light palpation 
2-3/10 on firm palpation 

4 Initial flare up post run 
1-2/10 with walk > 15 
minutes 
Resolved within 3 days to 
1-2/10 with walk > 1 hour 

0-1/10 on light palpation 
2-3/10 on firm palpation 
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in muscle activation and fatigue, performed in side 
lying hip abduction, clamshell exercise, and single leg 
bridge.80-82,85

Intervention #2
Approximately 6-8 minutes of light to moderate 
pressure myofascial release interspersed with 5-15 
second bouts of moderate digital ischaemic pres-
sure was administered to the superficial and deep 
posterior compartments of each leg, as illustrated 
by Hutchinson and colleagues,44 aiming to increase 
talocrural dorsiflexion range and potentially attenu-
ate compensatory hyperpronation.67,86 A home pro-
gram of calf stretches was prescribed in order to 
augment an increase in range of talo-crural dorsi-
flexion, together with instruction to resume wearing 
her foot orthoses while shod.69,78,87-88 Calf stretching 
was initially prescribed at four repetitions of 15 sec-
onds, alternating sides, four times per day, utilizing a 
modified weight bearing stretch which is postulated 
to increase talocrural dorsiflexion and calf stretching 
by maintaining integrity of the medial longitudinal 
arch through preferential tension and loading of the 
plantar fascia (Figure-1). 67-68,88,-94 The same stretch 
but with the knee slightly flexed was prescribed but 
at decreased frequency, as the soleus was deemed 
less implicated in this case. All therapeutic exercise 
parameters including progressions from start point 
to end goal and preventative maintenance levels are 
presented in Appendix 2.58- 59.

Remedial gluteal retraining was begun in side lying 
hip abduction, clamshell exercises and during train-

ing sessions with the goal of achieving a ‘good’ rating 
on the quality of movement scale. Functional inte-
gration in one leg squats were introduced next but 
at low reps, due to the acute nature of the injury.58-59 
The above exercises aimed to improve kinetic chain 
biomechanics and attenuate DKV, which is a likely 
neuromuscular driver of foot pronation through 
‘torque conversion’ at the sub-talar joint.67,95-96. Due 
to their more dynamic nature compared to single-leg 
squats, lunges were withheld at this stage to avoid 
potentially greater impact and torsional loading 
forces which were deemed a greater risk for exacer-
bation of the subject’s MTSS symptoms.49,58-59 

Discussion and agreement between PT and coach-
ing staff initiated the subject at level 3 of the staged 
running guidelines at least until symptoms settled 
further.58-59 This allowed full training (swim, surf 
ski, surf board), while restricting all running impact 
loads, tying in well with a natural three week break 
from competition, as there were no carnivals sched-
uled during that period.

Examination #3 (1.5 weeks after initial 
examination)
The subject reported she was training swim and surf 
craft without symptoms and complying with non- 
running status, as instructed. She resumed utilising 
her foot orthoses while shod, which was also empha-
sised as preventative maintenance.24,78 She reported 
pain SNRS of 1-2/10 after walking over an hour oth-
erwise she was symptom free. Pain on light palpa-
tion was 0-1/10 whereas pain on firm palpation was 
2-3/10.

Whole foot dorsiflexion was unchanged on visual 
assessment, however, talocrural dorsiflexion in knee 
extension and subtalar neutral was only 5-10 degrees 
from neutral/plantar grade. This represented a sub-
stantial improvement towards normalisation of this 
arthrokinematic index, as in the author’s clinical 
experience, it rarely reaches neutral, without sig-
nificant soft tissue resistance in non-children.67,97 
Dynamic valgus control of the knees was improved 
and was rated as ‘good’ in single leg squat, how-
ever, still tended to display mild DKV without the 
subject’s conscious attention to the set task. During 
assessment of calf raise strength and endurance, the 
subject demonstrated fatigue and deterioration of 
form from ‘fair’ to ‘poor‘ at 8-10 repetitions. Assess-

Figure 1. A. Gastrocnemius stretch, B. Soleus stretch. Shod 
weight at level of metatarsal heads and calcaneus utlizing a step, 
avoiding forefoot abduction.
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ment of deep posterior compartment strength in calf 
raise with excursion from eversion to inversion over 
a step (Figure-2) showed poor form and inability to 
perform more than 3-4 repetitions.

Treatment #3
Due to apparent efficacy in improved talocrural dorsi-
flexion in subtalar neutral and knee extension, man-
ual soft tissue release and digital ischaemic pressure 
therapy of the superficial and deep posterior com-
partments was again administered at 8-10 minutes 
per leg with moderate to firm pressure. The subject 
was instructed to continue gastrocnemius stretching 
at least bi-daily. Furthermore, strength and endur-
ance training of the deep and superficial posterior 
compartments were begun, to offset and prevent 
muscle fatigue related bone stress, and potentially 
attenuate overpronation through their actions over 
the sub-talar and mid-tarsal joints.38, 46,67,,98 Kinetic 
chain retraining was progressed to include lunging 
but was initially restricted to two sets of 5 repetitions 
on each leg, every other day.58-59 

As the next carnival was two weeks away, coaching 
staff and the athlete agreed to maintain the subject 
on 3 of the staged running protocol.58-59 This ensured 
she would not run with the squad, however, was able 
to start running under the strict guidance of the PT. 
This was begun as 5 minutes of shod light jogging on 
a grass surface, every other day, with a 2 minute pro-
gression each day. At that point in time the injury 
was considered in the sub-acute stage, with some 
potential to irritate symptoms, hence the subject 

was instructed to cease the running program imme-
diately if symptoms were at all more noticeable than 
prior to starting running.49,58-59 This is consistent with 
treating symptoms of MTSS symptomatically unless 
symptoms are significant and persistent, or TSF is 
suspected, whereby a minimum rest period irrespec-
tive of symptoms should be enforced.46,49,58-59 

Examination #4 (2.5 weeks after initial 
examination)
The subject reported ceasing the graduated running 
program after the first jogging session due to result-
ing mild symptom provocation. This was reported as 
1-2/10 pain with walking longer than 10-15 minutes 
(Previously 1-2/10 pain with walking for an hour) 
which resolved to previous level within two to three 
days. Palpation of the posteromedial tibias again 
revealed diffuse tenderness in the distal third, rated 
on SNRS as 0-1 on light palpation and 2-3/10 on firm 
palpation. Talocrural dorsiflexion in knee extension 
and sub-talar neutral was also in status quo to Exam-
ination #3. Static and through range resisted muscle 
tests were again unprovocative. Diagnosis of MTSS 
was unchanged and the subject was considered to 
have sustained a mild flare up resulting from run-
ning, which appeared to have settled to previous lev-
els within a week.

Intervention #4
Soft tissue release and digital ischaemic pressure 
were repeated as per previous session. Remedial 
gluteal retraining, one leg squats and lunges were 
reviewed and progressed. Remedial core exercises 
such as single leg bridging, planking, and side plank-
ing were introduced as trunk stability likely plays 
an important role in lower limb biomechanics and 
injury.80,99-103 

Due to low suspicion of TSF and only minor running 
elements to the subject’s surf sport disciplines, the 
PT, coach and athlete agreed to progress her status 
to Level 2A in the staged running protocol.58-59 This 
would limit the overwhelming majority of impact 
loading related to running, however, would allow 
the subject to compete and prepare for State and 
National Titles. In order to maintain athlete safety, 
she was given strict instruction that she was able to 
compete only if her MTSS symptoms were gradu-
ally improving from week to week, and if symptoms 
were not improving she must report it to staff.49,58-59

Figure 2. A. Plantarfl exion/inversion strengthening exercise, 
start position. B. End position
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Subsequent Interventions and Outcomes
The subject competed the following week with 
symptoms remaining in status quo. MTSS symp-
toms gradually abated and were fully resolved at 
approximately 8 weeks after initial onset. She com-
peted in at least another two carnivals during this 
period. The subject gradually resumed running with 
the squad at 10 weeks and was upgraded to Level 1 
of the staged running guidelines at 12 weeks post 
injury, and thereafter trained and competed asymp-
tomatically for the rest of the season.

DISCUSSION
Not until recently have surf lifesaving injury inci-
dence patterns been reported.20 A list of the most 
commonly reported injuries and primary contribut-
ing factors are presented in Tables 7&8, respectively.20 
The overwhelming majority of injuries reported 
appear related to minor or major trauma, however, 
this may be somewhat skewed by the nature of the 
injury reporting methods utilised.11,20,104 Many ath-
letes training for multiple disciplines or endurance 
events, where overuse symptoms may affect train-
ing or competition performance, often will not pres-
ent to formal first aid stations, thus underestimating 
the incidence and prevalence of injury. Further-
more, traumatic injuries reported may merely rep-
resent the inciting event or the interplay of a myriad 
of preceding risk factors, including overuse.15-16 This 
potentially provides a future injury research agenda 
for the sport.11 

Propositional risk factors for MTSS identified with 
this subject were female sex and excessive foot pro-
nation.22-23 Although presently not propositionally 
supported as risk factors for MTSS, decreased talo-
crural dorsiflexion in sub-talar neutral and DKV 
were considered relevant to injury onset, successful 
rehabilitation and future prevention of re-injury in 
this subject, likely thorough their effects on prona-
tion.80,83 It is difficult to ascertain whether temporally 
the primary driver is DKV causing excessive prona-
tion and subsequently perpetuating calf tightness , 
or, vice versa.67,69,80,84,101 The two mechanisms may 
be synergistic or part of the same biomechanical 
dysfunction in certain individuals, increasing tissue 
loading and potentiating injury.15 However, once the 
calf musculature is restricting talocrural dorsiflex-
ion in the neutral sub-talar joint position, the likely 
‘path of least resistance’ to achieve adequate dorsi-
flexion between shank and foot is compensatory 
excessive foot pronation.67,69,91 Prospective research 
has not identified calf tightness as a risk factor for 
MTSS, however, measuring whole foot dorsiflexion 
may not fully elucidate these subtle arthrokinematic 
relationships.15-16,105 Similarly, the inter-relationships 
between potential MTSS risk factors such as training 
parameters and footwear, are yet to be proposition-
ally elucidated.15-16,22-23

Outcome in this case was full resolution of symptoms 
at eight weeks post injury, resumption of unrestricted 
running with squad training at 12 weeks, and unin-
terrupted participation throughout the entire com-
petitive season. It could be argued that the symptom 
resolution rate in this case of MTSS was rather mod-
est, however, it may at least be partially explained 
by maintenance of this subject’s competitive status 
throughout, while restricting her running impact loads 
during training, due to mild residual symptoms, pro-
longing their course. There were several focal lower 
limb BSI amongst the female squad members, thus 
club wide preventative educational strategies on stress 
fractures and female athlete triad were undertaken. 
But how relevant was this to MTSS? MTSS is a form 
of diffuse or non-focal BSI, which has been shown to 
progress to linear micro crack formation with progres-
sive loading in animal and a limited number studies 
of human subjects.106-107 These stress responses likely 
vary with age and loading direction, and are probably 
confounded by factors such as gender, bone micro-

Table 7. Five most common primary contributing factors 
reported as associated with injury occurrence during Surf 
Life-saving competition and training20

Nature of Injury %Incidence Competition %Incidence Training
1.Bruise/Contusion 15.2 14.9 
2.Strain 14.8 11.2 
3.Inflammation/Swelling 12.3 12.1 
4.Sprain 11.9 11.0 

9.017.9noitarecal/dnuownepO.5

Table 8. Five most common primary contributing factors 
reported as associated with injury occurrence during Surf 
Life-saving competition and training20

Contributing Factor % Reported Competition % Reported Training
1.Returning to shore 19.5 15.1 
2.Negotiating the break 17.5 24.7 

5.48.9htiwnoisilloC.3
1.80.7tfarcnwolortnoctsoL.4

5.Other person lost   
control of craft

9.35.5
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structure, nutrition, biomechanics, training terrain, 
footwear and pain perception.70,108-110 Combined with 
research showing abnormal imaging in asymptomatic 
subjects, this suggests current difficulty in predict-
ing if any one individual with MTSS will progress to 
TSF.22,40-41,111 However, amongst populations and sports 
where numbers of cases presenting with MTSS is high, 
such as running and the military, it is not improbable 
that successful management of acute MTSS could pre-
vent progression to TSF in some of these cases.22

Finally, a critical discussion on the methodology in 
the differential diagnosis of MTSS in this case study is 
warranted. The use of ‘decision analysis’ in estimat-
ing post-test probabilities of the conditions in the dif-
ferential diagnoses by factoring pre-test probability 
of the clinical demographic with likelihood ratios of 
subjective and objective examination tests, requires 
elaboration. For example, utilizing a Nomogram and a 
conservative estimate of pre-test probability of MTSS 
in this subject (50%), and a positive likelihood ratio 
for positive diffuse, distal third posteromedial tibial 
tenderness on palpation (2.0), the post-test probabil-
ity of MTSS being present is approximately 7 in 10.49-

50,78,112-113 Conversely, utilising the same methods with 
a liberal pre-test probability estimate for TSF in this 
clinical demographic (20%), factored by the same 
magnitude but negative likelihood ratio, (-2.0), for 
absence of focal tenderness, yields a post-test prob-
ability of less than 1 in 10 that TSF is present.49-50,78,112 
Furthermore, there is moderate evidence to suggest 
a thorough subjective examination should provide 
larger positive and negative values for likelihood 
ratios than the physical examination.44,50,114-116 This 
becomes a form of diagnostic test clustering which 
is likely to accentuate post-test probabilities.49,117-118 
However, it must be acknowledged that pre-test prob-
abilities are often estimated conservatively based on 
clinical experience rather than propositional data, 
and likelihood ratios, in this case, were estimated 
from the limited data available.50,78,113.

Secondly, a limitation of the case report was that 
physical examination was primarily dependent on 
subjective reporting on a SNRS whilst the PT adminis-
tered conventional manual palpation of an estimated 
force magnitude of mild, moderate or firm. Bendtsen 
& Co-workers (1996) demonstrated good intra-rater 
reliability for constant force conventional muscular 

palpation compared with instrumented palpometry, 
however, they utilised a modified Total Tenderness 
Scoring system rather than a SNRS.25 Similarly, a 
recent study by Kothari & colleagues found no signifi-
cant differences in variability between with manual 
palpation with left or right hands, middle or index fin-
gers, soft or hard surface, and 2 versus 10 second pal-
pation.30 These authors did consistently demonstrate 
significantly lower coefficients of variation (CV) for 
all instrumented test conditions utilising a palpome-
ter (Mean CV: 4.8%; Range: 2.7%-5.8%), compared to 
standard manual palpation (Mean CV 13.0%; Range: 
10.0-17.8% ).27However, applying their highest CV for 
manual palpation (17.8%) to their outer range and 
median palpation pressures of 0.5kg, 1.75 kg and 3kg, 
as representing a light, moderate or firm palpation 
rating, respectively, is unlikely to affect reliability.30 
The above data is consistent with the premise that 
objective instrumented palpation may be required 
for constructs where inter-rater reliability is neces-
sitated, for example, research, or atypically formal 
assessment, whereas astute manual palpation by the 
same clinician is likely sufficient for day to day clini-
cal practice.25,27,30 Lastly, the limitations of goniomet-
ric assessment of ankle dorsiflexion range of motion 
has been described above, and visual estimates of 
joint range of motion are generally not accepted in 
research literature.

CONCLUSIONS
Sports injury is multifactorial, complex, and variable, 
which presents a challenge to health practitioners in 
establishing efficacious and propositionally justified 
sports injury management prevention strategies. 
This case describes the differential diagnosis, acute 
management and rehabilitation of MTSS in a 15 year 
old female surf life-saving athlete, in the context of 
sports injury prevention. Concurrently, a case sup-
porting the notion of some MTSS cases as precursors 
of TSF is presented.
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Appendix 1. Injury Timeline
Examination Days from 

Initial
examination 

Progress/Management 

Initial 0 days Symptoms at their worst. 
Cease further competition that weekend, no 
running at least until mid-week full assessment, 
Able train swim and surf craft ,cryotherapy, simple 
analgesics prn 

Exam #2 3 Days Significantly improved, mild symptoms. 
Soft tissue release, calf stretching, remedial gluteal 
work begun, advised to resume wearing foot 
orthoses, Level 3 on staged running proforma (no 
running with squad, able to train surf craft), no 
carnivals scheduled for 3.5 weeks, cryotherapy prn 

Exam #3 10 Days Significantly improved, symptoms minimal. 
Continue soft tissue work, stretching, foot 
orthoses, progress hip stability exercises, add 
lunges. Maintain Level 3 running proforma: no 
squad running but prescribed 5 minute light jog on 
grass. Next carnival 2.5 weeks away. 

Exam #4 17 Days Mild flare up with initial session of graduated 
jogging program, settled within the week. Next 
carnival 1.5 weeks away. Due to subjects low 
running demands during competition, athlete, 
coach & PT agree to place on 2A of running 
proforma (full competition, no running at training) 
Gradually progress above exercises, add trunk 
stability. 

Subsequent 
Exams 

Weekly 
throughout
season 

Symptoms gradually abated. All exercises 
progressed. Competes in subsequent weeks with 
nil ill effect. Asymptomatic at 8 weeks, running at 
training gradually re-introduced from week 10, 
upgraded to Level 1 of running proforma at 12 
weeks. Competes asymptomatically for the rest of 
season. Preventative maintenance strategies. 

Note: PT exams and treatment were scheduled weekly during strength and 
conditioning sessions, PT was available on call between scheduled sessions, as 
required.
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Appendix 2. Details of therapeutic exercise interventions

Exercise Start dose Progression (as 
tolerated) 

End goal Preventative 
maintenance 

Gastrocnemius 
stretch  

4 x 20secs 
each leg, 
alternating, 
4x/day plus after
activity  

4 x 20secs 
each leg 
alternating 
2/day plus 
after activity 

Neutral 
talocrural 
dorsiflexion in 
subtalar neutral

4x 20secs after 
activity. 
Allowed pre- 
activity as part 
of sport 
specific warm-
up

Hip abduction 
side-lye 

2 sets, 6-8 
reps, daily 

2-3 reps per 
session, daily 
unless fatigued 

2-3 sets, 20 
reps

1-2/week 

Clamshell 
exercise lye

2 sets, 6-8 
reps, daily 

2-3 reps per 
session, daily 
unless fatigued 

2-3 sets, 20 
reps

1-2/week 

One leg squats 2 sets, 5reps 
each leg, daily 

2-3 reps each 
session, every 
other day when 
reps >10 or if 
fatigued 

2-3 sets, 20 
reps

1-2/week 

Calf raise 
(straight and 
bent knee) 

2 sets, 6 reps, 
each leg, daily 

2-3 reps each 
session, every 
other day when 
reps > 10 or 
fatigued 

2-3 sets, 20 
reps

1-2/week  

Eversion to 
inversion calf 
raise for deep 
posterior 
compartment 

2 sets, 2-3 
reps, each leg, 
daily unless 
fatigued 

1-2 reps each 
session, every 
other day when 
reps >10 or 
fatigued 

2 sets, 15-20 
reps

1/week

Lunges 2x5 each leg 2-3 reps per 2-3 sets 20 1-2 per week  
 every other 

day, unless 
fatigued or 
increased 
symptoms 

session repetitions 

1 Leg Bridge 10secs (L) then 
(R) = 1 rep, 
start 4-5 reps, 
daily 

1-2 reps per 
session 

10 reps 1-2/week 

Plank (elbow 
feet)

5 x 20secs, 
daily unless 
fatigued 

5secs per 
session up to 
5x45secs then 
elbow/1foot

5 x 45secs 1-2/week 

Side plank 
(elbow/leg)

5x20 secs, 
daily unless 
fatigued 

5secs/session 
up to 5x 45 
secs,  then 
elbow/foot

5 x 45secs 1-2/week 
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ABSTRACT
Introduction and Background: Lateral ankle sprains (LAS) are common in sports medicine and can result in a 
high rate of re-injury and chronic ankle instability (CAI). Recent evidence supports the use on mobilizations 
directed at the ankle in patients who have suffered a LAS. The Mulligan Concept of Mobilization-with-Movement 
(MWM) provides an intervention strategy for LASs, but requires pain-free mobilization application and little litera-
ture exists on modifications of these techniques. 

Purpose: To present the use of a modified MWM to treat LASs when the traditional MWM technique could not be 
performed due to patient reported pain and to assess outcomes of the treatment. 

Case Description: The subject of this case report is a 23 year-old female collegiate basketball player who had 
failed to respond to initial conservative treatments after being diagnosed with a lateral ankle sprain. The initial 
management and subsequent interventions are presented. After re-examination, the addition of a modification of 
a MWM technique produced immediate and clinically significant changes in patient symptoms. The use of the 
modified-MWM resulted in full resolution of symptoms and a rapid return to full athletic participation.

Outcomes: After the initial application of the modified-MWM, the patient reported immediate pain-free ankle 
motion and ambulation. Following a total of 5 treatments, using only the modified MWM and taping technique, 
the patient was discharged with equal range of motion (ROM) bilaterally, a decreased Disablement in the Physi-
cally Active (DPA) Scale score, and an asymptomatic physical exam. Follow-up exam 6 weeks later indicated a full 
maintenance of these results.

Discussion: Recent evidence has been presented to support the use of mobilization techniques to treat patient 
limitations following ankle injury; however, the majority of evidence is associated with addressing the talar and 
dorsiflexion limitations. Currently, little evidence is available regarding the use of the MWM technique designed 
for LASs and the expected outcomes. This case adds to the emerging evidence supporting the use for MWMs to 
treat ankle pathology and introduces a modification that may be applied in cases where patient reported pain pre-
vents traditional application.

Level of Evidence: Level 5; Single case report.

Key Words: Lateral ankle sprain, mobilization with movement
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BACKGROUND
Ankle sprains, a common pathology suffered during 
physical activity, occur at an estimated rate of more 
than 23,000 per day in the United States.1 Based on 
recent literature reports, ankle sprains occurs at an 
incidence rate of 2.15 per 1,000 person-years in the 
United States. Approximately 49.3% of ankle sprain 
occur during athletic related activities, with basket-
ball contributing up to 41.1%.2 In basketball, it has 
been reported that approximately 60% of all injuries 
involve the lower extremity and approximately 25% 
of these injuries are ankle sprains.3 

Due to the anatomical structure of the ankle, the 
anterior talofibular ligament (ATFL) is the most 
commonly injured ligament and is most susceptible 
to injury during a plantarflexion (PF) and inversion 
(IV) mechanism.2,4 The combined motion of PF and 
IV is a common mechanism of injury (MOI) and 
routinely leads to the diagnosis of a lateral ankle 
sprain (LAS). Brian Mulligan has theorized, how-
ever, that this MOI may result in a positional fault of 
the fibula, instead of a LAS. According to his theory, 
the ATFL pulls on the fibula at the distal tibiofibu-
lar joint creating a positional fault between the tibia 
and fibula. The positional fault, as opposed to the 
ligament sprain, is the main source of pain, dysfunc-
tion, and decreased range of motion.5,6

Under this hypothesis, Mulligan proposed that the 
Mobilization with Movement (MWM) treatment for 
LASs corrects the positional fault that may occur as 
a result of the PF and IV mechanism.5,6 The tech-
nique consists of a pain-free sustained anterior-pos-
terior (AP) cranial glide of the lateral malleolus on 
the tibia. With the glide maintained, the patient then 
performs active PF and IV with clinician overpres-
sure at end range. Following the MWM, the glide is 
maintained with a specific tape application applied 
in the direction of the MWM to help maintain the cor-
rected position of the fibula. The entire application 
of the technique should be pain-free for the patient 
and should produce immediate and long-lasting 
benefits.5 The resolution of the patient’s symptoms 
during the MWM application would be the clinical 
indication of a positional fault and would guide the 
clinician in choosing to apply this intervention.5,6 

With acute LASs, however, a patient may be too 
tender to allow performance of the traditional 

MWM technique. The principles of MWM applica-
tion require pain-free application of the technique 
and guide the clinician in adjusting hand placement, 
force application, and the line of drive of the mobili-
zation to produce the desired outcome. Additionally, 
padding may be applied to help alleviate point ten-
derness at the distal fibula.5,6 Tenderness to pressure 
may delay the use of this intervention and, in turn, 
delay healing and return to function. Therefore, a 
modification of the MWM joint mobilization and 
taping technique that allowed for earlier pain-free 
application of the technique would be beneficial. 
The purpose of this case report is to present the use 
of a modified Mobilization-with-Movement to treat a 
patient diagnosed with a LAS. 

CASE DESCRIPTION

Subject Characteristics 
The subject, a 23 year-old female collegiate basket-
ball player, reported ankle pain following a PF and 
IV mechanism that occurred during a basketball 
game. The patient removed herself from competi-
tion and reported directly to her athletic trainer. She 
had participated in competitive basketball for over 
13 years and had a history of repetitive LASs. The 
most recent LAS had occurred approximately one 
year earlier and had resolved over the course of 1 
to 2 weeks with traditional conservative care. The 
patient did not report having any ankle complaints 
prior to the most recent injury. 

Clinical Impression
When the patient initially reported to her athletic 
trainer at the team bench, she stated that her pain 
was a 7 out of 10 on the Numeric Rating Scale (NRS). 
While she was able to bear weight and walk at the 
time of injury, weight-bearing exacerbated her pain. 
Observation did not reveal signs of significant pathol-
ogy (e.g., gross deformity, ecchymosis, edema) and 
the patient only reported tenderness to palpation 
over the sinus tarsi area on the affected limb during 
the courtside examination. The patient displayed 
limited and painful range of motion (ROM) when 
examined actively and passively in all directions. 
The anterior drawer and inversion talar tilt tests 
were positive for pain and mild laxity, but produced 
a firm-end feel. Kleiger’s Test was negative for lax-
ity and pain. The remainder of the initial courtside 
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exam (e.g., negative Ottawa Ankle Rules, normal 
dermatome assessment, etc.) was consistent with 
a sprain of the anterior talofibular ligament (ATFL) 
and calcaneofibluar ligament (CFL). The immediate 
working diagnosis was a Grade 1+ right ATFL and 
CFL ligament sprain. The patient was immediately 
treated with rest, ice, compression, and elevation 
(RICE), while also being fitted for crutches to allow 
for non-weight-bearing ambulation until a full reex-
amination could be conducted the next day. 

During follow-up examination the next day, the 
physical exam findings were consistent from the 
court-side evaluation across the palpation, ROM, 
and special test assessments; however, observa-
tion revealed the patient now presented with visu-
ally observed mild edema and ecchymosis at the 
sinus tarsi. As a result of these findings, the patient 
began a traditional conservative rehabilitation pro-
gram. Initial treatment during the acute inflamma-
tory phase included the continued use of RICE and 
crutches. The use of electrical stimulation for pain 
control, gentle active ROM, and isometric strength-
ening exercises were also utilized. After the acute 
inflammatory phase, traditional range of motion and 
strengthening exercises, as well as gentle massage 
techniques were added to the rehabilitation protocol 
for the next week (Table 1). 

Revised Clinical Impression
After completing 10 days of conservative treatment 
from the time of injury, the patient reported pain lev-
els that had only minimally improved during ROM or 
weight bearing activities (Figures 3 and 4). Addition-
ally, her ROM deficiencies had not improved and she 
was unable to progress in her rehabilitation protocol. 
As a result, it was determined that a reexamination 
was needed and a second opinion was sought. 

During the reexamination, 10 days after initial injury, 
the patient rated her pain as a 7 with weight bearing 
(i.e, double limb stance) and a 6 during active IV 
and PF. The physical exam still revealed the same 
findings as the previous exam (e.g., tenderness to 
palpation at the sinus tarsi, consistent ROM deficien-
cies, consistent special test results), except edema 
and ecchymosis had resolved. The Disablement in 
the Physically Active (DPA) Scale was given to the 
patient to determine a patient-centered outcome 

baseline and she reported an initial score of 29 out 
of 64, with her greatest areas of dysfunction being 
impaired motion and muscle function (3 out of 5) 
on the individual sections of the scale. The use of 
the Mulligan Concept MWM for lateral ankle sprains 
was then applied as an assessment technique to 
determine its efficacy in this subject. Despite the use 
of different types of padding materials and adjust-
ments to hand placement, force application, and line 
of drive, the patient’s tenderness to palpation pre-
vented the application of the traditional MWM. As 
such, the MWM was modified by applying the tech-
nique approximately 2 inches proximal to the lateral 
malleolus (Figure 1). The Mulligan Concept proto-
cols (e.g., line of drive, pain-free application) were 
followed for the application of this technique and 
the modified MWM abolished the patient’s reported 
pain during PF and IV activities. As a result, the use 
of this modified MWM was recommended as the 
appropriate treatment for the patient’s dysfunction 
associated with the LAS presentation.

Subject reported outcome measures included the 
NRS and the DPA Scale. The NRS is commonly 
applied with the patient rating their pain from 0 (i.e., 
“no pain”) to 10 (i.e., “worst pain imaginable”). The 
NRS has been found to be reliable and valid across 
many patient populations/situations7, 8 and the mini-
mal clinically important difference (MCID) value 
is regularly reported to be 2 points or 33%. 9, 10 The 
DPA Scale is a patient-centered scale designed for the 
physically active patient and is used to assess mea-
sures of impairment, functional limitation, disability, 
and health-related quality of life on a 0 (i.e., floor) 
to 64 (i.e., ceiling) scale.11 Patients answer 16 ques-
tions (e.g., “Do I have pain?”) across 11 disablement 
categories (e.g., pain, stability, overall fitness, well-
being, etc.) on a rating scale from 1 (i.e., no problem) 
to 5 (i.e., severe). The scores from each question are 
added together and then 16 points are subtracted to 
produce the final DPA Scale score. Vela and Den-
egar11 have indicated the scale is valid and reliable, 
while also reporting that the MCID value is 9 points 
in acute cases and 6 points in chronic cases. 

Intervention/Outcomes
On Day 10, the modified MWM was administered uti-
lizing a pain-free sustained glide, followed by pain-free 
full PF and IV with clinician generated over-pressure 
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at end-range for a single set of 10 repetitions. Upon 
completing the 10 repetitions, the patient reported 
that she was no longer experiencing pain during active 
PF and IV. Additionally, the patient’s active ROM was 
now equal to the uninvolved side in all directions. The 
patient was then asked to step down from the plinth 
and walk around the clinic to determine the effect of 
the intervention with weight bearing activities. The 
patient reported a resolution of her pain while walk-
ing and squatting in the clinic. 

Following the results of the modified MWM appli-
cation, tape was applied at the same site of the 
modified MWM using Mulligan Concept taping prin-
ciples. The tape application began with a strip of 
non-woven adhesive bandage being applied approxi-
mately 2 inches proximal to the lateral malleolus, 
and angled in the same direction as the MWM, while 
the glide was applied. The bandage was brought 
behind the distal tibiofibular joint, ending proximally 
to the beginning of the bandage without the ends 

Table 1. Therapeutic & Rehabilitation Timeline. 

Time Intervention(s) Settings/Parameters 
Day 1-
3

RICE, ROM exercises & 
isometric exercises 

1) Cryotherapy - 10 min. 
2) AROM Exercises 

a. Toe dexterity exercises (i.e., marble pick-
up, towel curls) – 3 x 10 

b. Ankle INV & EV – 3 x 10 
c. Seated Circles (each direction) – 2 x 10 
d. Seated Calf Raises (Double Leg) - 3 x 8 

3) Isometrics (manual resistance at neutral in all 
directions) 

4) Effleurage - 5 min. 
5) Compression and Cryotherapy - 20 min. 

Day 4-
7

Resistance Bands, 
Proprioception/Balance 
exercises, PNF exercises, 
Effleurage, Ice & Electrical 
Stimulation (Sensory level 
pain; 80-150pps) 

1) Bike - 10 min. 
2) AROM Exercises 

a. Toe dexterity exercises (i.e., marble pick-
up, towel curls) – 3 x 10 

b. Ankle INV & EV – 3 x 10 
c. Seated Circle Board (Clockwise & 

Counter Clockwise) – 2 x 10 
d. Seated Calf Raises (Double Leg) - 3 x 8 

3) 4-Way ankle exercises with resistance bands 
(Light resistance) – 2 x 10 

4) Rebounder; unstable surface (Single Leg) - 2 x 12 
5) Ankle PNF strengthening (manual resistance, 

diagonal patterns) – 1 x 10 
6) Effleurage - 5 min. 
7) IFC & Ice - 20 min. 

Day 8-
10

Resistance Bands, 
Proprioception/Balance 
exercises, PNF exercises, 
Effleurage, Ice & Electrical 
Stimulation (Sensory level 
pain; 80-150pps)  

1) Bike - 10 min. 
2) 4-Way ankle exercises with resistance bands 

(Moderate resistance) – 2 x 10 
3) Balance board squats w/isometric hold – 2 x 10 
4) Rebounder; unstable surface (Single Leg) – 2 x 12 
5) Double leg cross jumps - 3 x 30 seconds 
6) Single leg stop jumps – 2 x12 
7) Ankle PNF strengthening (manual resistance, 

diagonal patterns) – 1 x 10 
8) IFC & Ice - 20 min. 

Day 
10

Re-examination; initiation of 
modified MWM and taping 
technique 

Modified MWM treatment (1 set of 10 repetitions) 
followed by tape application. 

Day 
11

Modified MWM and taping; 
Full participation at practice 

Modified MWM treatment (1 set of 10 repetitions) 
followed by tape application. 

Day 
12-15 

No Treatment. Patient participated in away competitions; Ankle was 
taped with a traditional ankle tape application only. 

Days 
16-18 

Patient returned from away 
competitions; modified MWM 
treatments and taping applied. 

Modified MWM treatment with tape – 1 x 10 (Day 16 
and 17 only). Patient discharged on Day 18 

Day 
60

Follow up; No treatment Patient reported being able to complete the remainder 
of the competitive season without a reoccurrence of 
symptoms and as being asymptomatic in activities of 
daily living. 
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the same fashion (Figure 2). Upon completion of the 
tape application, the patient reported a continued 
resolution of pain and was told to continue to wear 
the tape until she reported to the clinic for follow-up 
examination the next day. 

The following day, the patient reported a continued 
resolution of her symptoms with activities of daily 
living. The patient was still tender to palpation over 
her distal lateral ankle, but displayed equal ROM in 
all directions at the ankle bilaterally. The modified 
MWM was re-applied for a single set of 10 repetitions 
and the patient was again taped using the modified 
taping technique. Following the application of the 
intervention, the patient continued to report reso-
lution of her pain with weight-bearing activities. As 
such, she was asked to complete various balance 
and functional activities (e.g., sets of squatting, duck 
walks, single and double leg hops) in order to deter-
mine her ability to return to practice. She completed 
the activities without a return of her symptoms and 
the patient was cleared to participate in practice that 
day with the caveat that she only performed activi-

Figure 3. Patient Reported Pain During Weight Bearing (Double 
Limb Stance) on Numerical Rating Scale.

Figure 4. Patient Reported Pain During Active Plantarfl exion 
(PF) & Inversion (IV) on Numerical Rating Scale.

Figure 1. Modifi ed MWM joint mobilization technique for fi bu-
lar repositioning.

Figure 2. Completion of the Modifi ed MWM Mobilization and 
tape application.

over-lapping. A strip of rigid tape was then cut to 
the same length as the bandage. The rigid tape was 
then applied over top of the bandage in the same 
direction as the MWM during a sustained glide. A 
second strip of the rigid tape was then applied in 
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ties that did not produce pain. The patient completed 
practice without a recurrence of her symptoms and 
was cleared to travel with the team for two away 
competitions beginning the next day. 

The patient reported to the clinic on Day 16, after 
having competed in two games with her team. Dur-
ing this time period, she had been able to participate 
in competition while only receiving a traditional 
ankle tape application. While she still reported a 
resolution of her pain with activities of daily living 
(Figures 3 and 4), she indicated experiencing mild 
discomfort during game activities and was still ten-
der to palpation over the area of her sinus tarsi. As 
a result, the use of the modified MWM intervention 
and taping technique was continued in attempt to 
produce full resolution of her symptoms during her 
sport specific activities. The patient received the 
modified treatment over the next two days while 
fully participating in team activities. 

On Day 18, the patient reported that she did not expe-
rience any symptoms during competitive activities on 
the previous day. As such, a full physical examination 
was completed. During this examination, the patient 
did not report any pain during palpation, ROM activi-
ties, or functional testing. Her active, passive, and 
resistive ROMs were equal bilaterally. The anterior 
drawer and inversion talar tilt tests did not produce 
pain or abnormal end-feels. The patient also reported 
an overall DPA Scale score of 12, which achieved an 
MCID; however, the patient still reported some defi-
cits on the scale. The patient rated the disablement 
categories of pain, changing directions, maintaining 
positions, skill performance, participation in activi-
ties and overall fitness as a 2 (i.e., “does not affect”), 
motion and muscle function as a 3 (i.e., “slightly 
affects”), while the remaining areas/questions were 
all rated a 1 (i.e., “no problem”). As a result of the 
asymptomatic physical exam and a DPA Scale score 
in the range reported for the uninjured population, 
the patient was discharged to full competition without 
further treatment at this time. The patient was able to 
complete the remaining basketball season without a 
recurrence of symptoms and was still symptom free 
over 60 days post-discharge. 

DISCUSSION
Despite the regularity of LASs and the common use 
of many intervention techniques, debate still exists 

regarding which intervention is the most appropri-
ate and when each intervention should be applied to 
appropriately address the patient’s presentation. Much 
of this debate arises because mechanical ankle insta-
bility may be present for weeks to months following 
rehabilitation,4 and the most common predisposing 
factor for suffering a LAS is a history of previous ankle 
sprain.12 Additionally, despite the use of common reha-
bilitation strategies, a previous history of LASs may 
predispose a patient to chronic ankle instability.13 The 
efficacy of various rehabilitation techniques has been 
investigated in order to elucidate which interventions 
are most effective, but the majority of studies have 
focused on the short-term outcomes (e.g., pain, range 
of motion, return to competition) and little research 
has focused on the use of mobilizations.4 

Typically, acute LASs are managed with the use of 
RICE during the acute inflammatory stage.14 In more 
severe cases, immobilization is recommended for 
optimal healing of the affected ligaments.14, 15 Despite 
common use, insufficient evidence exists to support 
the effectiveness of the application of RICE in the 
treatment of LASs.14 Additionally, as the various 
components of RICE are applied simultaneously, it 
is difficult to determine which component provides 
the most effective outcomes for the patient.15 Neu-
romuscular training strategies (e.g., Proprioceptive 
Neuromusclar Facilitation exercises, closed kinetic 
chain balance activities) have been hypothesized to 
be effective during the proliferation phase of healing 
to improve functional ankle balance.16,17 Intervals of 
walking and jogging, once the patient can ambulate 
long distances without gait alterations, have also been 
recommended.16 The use of rehabilitation programs 
incorporating these interventions has demonstrated 
some ability to reduce the number of future ankle 
sprains and be helpful in the prevention of CAI.15 
The benefits, however, usually occur over weeks to 
months as the therapy model is built on the concept 
of pathoanatomical healing believed to be required 
following a diagnosed LAS when additional factors 
may need to be considered. 

Recently, researchers have described that an anteropos-
terior mobilization of the fibula, combined with RICE, 
provided significant improvements in ROM compared 
to the application of RICE alone.14 The combined inter-
vention resulted in increased stride speed within the 
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first and third treatment sessions. Similarly, RICE com-
bined with an osteopathic manipulative treatment led 
to improvements after a 1-week follow-up in patients 
with unilateral ankle sprains, when compared to RICE 
alone.15Given the results of studies such as these, com-
bined with anecdotal reports, it may be necessary to 
examine other potential theories of pathology and 
treatment for LAS to facilitate the most appropriate 
treatment for each individual patient.5,6,19 

One potential explanation for mechanical ankle dys-
function following a diagnosed LAS is the existence 
of positional fault between the fibula and tibia.5,19 
The positional fault hypothesis has been supported 
through the demonstration of an anteriorly posi-
tioned fibula when compared to the tibia. Evidence 
of this position fault has been found when using 
an external measurement device, fluoroscope, and 
magnetic resonance image to measure positioning 
of the fibula in relation to the tibia.19-22 Laboratory 
research demonstrated the existence of positional 
faults in patients suffering from chronic and sub-
acute lateral ankle sprains, while clinical research 
efforts have supported the existence of positional 
faults in acute pathology.20-22 Investigators have sug-
gested greater amounts of edema may result in a 
greater amount of fibular displacement when com-
pared to the tibia.21,23 Additionally, it has also been 
indicated that patients with CAI may suffer from an 
anterior positional fault of the talus in the sagittal 
plane.24 As such, applying interventions to address 
this malposition, whether through a biomechanical 
or neuroscience paradigm, may be necessary to pro-
vide the most effective outcomes for patients. 

Improvement of clinical outcomes examining pain and 
dysfunction following LASs support the use of MWMs. 
Hetherington25 applied the LAS MWM following acute 
ankle sprain and noted improved gait, pain-free inver-
sion ROM, and balance in patients. Stubbs et al.26 utilized 
the same MWM to produce an immediate resolution of 
a collegiate soccer player’s symptoms following a week 
of minimal improvement after suffering an acute LAS. 
The patient was able to return to activity the next day 
and completed the collegiate soccer season without 
recurrence of symptoms or re-injury.26 O’Brien and 
Vicenzino27 also reported rapid improvements in ROM 
and reported pain following the use of this MWM to 
treat a LAS. Evidence also exists to support the potential 

use of the MWM tape application to reduce the occur-
rence of LASs in athletes.28 The tape application, how-
ever, does not appear to affect performance in either 
static or dynamic balancing tasks in relation to chronic 
ankle injuries in a significant way when compared to 
traditional methods.29 

The MWM for the LAS has not been the only MWM 
technique used to treat patients who have suffered 
a LAS. Vicenzino et al.30 indicated the posterior 
MWM for the talus produced statistically significant 
increases in dorsiflexion in patients suffering from 
CAI. Wikstrom et al.31 produced similar results by 
demonstrating that a single MWM treatment pro-
vided improvements in dorsiflexion range in motion, 
while also resulting in a restoration of normal arthro-
kinematics and osteokinematics. Green et al.14 also 
reported a more rapid return to pain-free ankle dor-
siflexion among patients who received this MWM 
when compared to patients that did not when treat-
ing an acute ankle sprain. Similarly, Collins et al.32 
reported a significant improvement in ankle dorsi-
flexion following this treatment in patients who had 
sustained an ankle sprain. Based on the current liter-
ature, it appears MWM joint mobilizations are effec-
tive as a means to decrease pain, improve function, 
improve ROM, and produce more rapid returns to 
activity in patients suffering from acute and chronic 
ankle sprains.16,19,27,30-32 What is unclear at this time, 
however, is the mechanism of action (e.g., positional 
fault hypothesis, non-opioid hypoalgesia) by which 
the MWM produces these outcomes.6 

In the case presented, the modified MWM produced 
an immediate change greater than what is required 
to produce a minimal clinically important differ-
ence (MCID) on the NRS (2 points)9 and DPA Scale 
(9 points)10 on initial treatment. Over the course of 5 
treatments, the technique resolved the patient’s com-
plaints, while allowing her to return to competition. 
Additionally, the modified-MWM outcomes allowed 
the patient to participate in sport activities that day 
without a return of her symptoms. The potential 
advantage of the modified MWM is that the mobi-
lization can be administered earlier when chemical 
pain may prevent the application of the traditional 
MWM due to patient sensitivity to pressure at the 
lateral malleolus. As the modified technique still fol-
lowed Mulligan principles, the early application of 
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the technique posed little risk to the patient, while 
allowing earlier application of the MWM to improve 
patient outcomes and potentially decrease the risk 
of a patient developing chronic ankle instability.29 

CONCLUSION
The outcomes from this case report provide evi-
dence for the incorporation of MWM into the reha-
bilitation protocol in patients who have suffered a 
LAS. Additionally, it provides support for the modi-
fied-MWM technique that may be applied if the tra-
ditional technique cannot be used due to patient 
reported pain. Further research is needed, however, 
to determine if the modification consistently pro-
duces similar outcomes to the traditional MWM or if 
there is only a subgroup of patients that will respond 
to this technique more effectively (e.g., when the 
patient is too point tender to perform at the lateral 
malleolus). Patient outcomes on a larger popula-
tion need to be collected to determine its reliability 
and validity, while further elucidation is needed to 
understand the mechanism of action by which the 
outcomes are produced. Additional research is also 
needed to determine its long-term effects on chronic 
ankle instability, and if the modification decreases 
the period of disablement. 
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ABSTRACT

Part 1 of this two-part series (presented in the June issue of IJSPT) provided an introduction to functional 
movement screening, as well as the history, background, and a summary of the evidence regarding the 
reliability of the Functional Movement Screen (FMS™). Part 1 presented three of the seven fundamental 
movement patterns that comprise the FMS™, and the specific ordinal grading system from 0-3, used in the 
their scoring. Specifics for scoring each test are presented. 

Part 2 of this series provides a review of the concepts associated with the analysis of fundamental movement 
as a screening system for functional movement competency. In addition, the four remaining movements of 
the FMS™, which complement those described in Part 1, will be presented (to complete the total of seven 
fundamental movements): Shoulder Mobility, the Active Straight Leg Raise, the Trunk Stability Push-up, and 
Rotary Stability. The final four patterns are described in detail, and the specifics for scoring each test are 
presented, as well as the proposed clinical implications for receiving a grade less than a perfect “3”. 

The intent of this two part series is to present the concepts associated with screening of fundamental 
movements, whether it is the FMS™ system or a different system devised by another clinician. Such a fun-
damental screen of the movement system should be incorporated into pre-participation screening and 
return to sport testing in order to determine whether an athlete has the essential movements needed to 
participate in sports activities at a level of minimum competency. 

Part 2 concludes with a discussion of the evidence related to functional movement screening, myths related 
to the FMS™, the future of functional movement screening, and the concept of movement as a system.

Key Words: Function, movement screening, movement system 
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INTRODUCTION
The purpose of movement screening using funda-
mental movements is to attempt to identify deficient 
areas of mobility and stability in the asymptomatic 
active population that may be overlooked with typi-
cal impairment-based testing.1,2 The ability to pre-
dict which athlete or active individual might become 
injured is highly relevant, and the authors believe, 
equally as important to rehabilitation professionals 
as the ability to evaluate and treat injuries. The dif-
ficulty in preventing injury appears related to the 
inability to consistently determine which athletes 
are predisposed to injury, despite knowing some of 
their risk factors. This difficulty has been illustrated 
in the large body of literature that addresses the 
contributing factors to ACL injury and subsequent 
attempts by researchers and authors to describe and 
implement prevention strategies. Algorithms and 
regression equations exist that attempt to combine 
risk factors3 in order to determine who may be at 
risk of sustaining an ACL injury, however, for many 
injuries and general disorders, such equations do 
not exist. Meuwisse4 suggested that unless specific 
markers are identified for each individual, the ability 
to determine who is predisposed to injury remains 
very difficult. 

The vast differences in utilization of many physical 
and performance tests during pre-participation or 
return to sport assessments illustrate the difficulty 
in identifying individuals at risk for injury. Although 
physical and performance tests are commonly reli-
able and have some level of normative data, they 
typically do not expose specific kinetic chain weak-
nesses. These two evaluation methods offer little 
insight into individualized fundamental movement 
strategies that affect the whole of sport performance. 
Numerous sports medicine professionals have sug-
gested the need for specific screening techniques that 
utilize a more functional approach in order to iden-
tify movement deficits.4,5,6 The authors of this com-
mentary suggest that the type of screening tasks that 
comprise the Functional Movement Screen™ (FMS™) 
may be a method of determining such markers that 
describe a “movement competency baseline”. 

The FMS™ is an attempt to capture movement pat-
tern quality, and screen for movement competency 
in uninjured individual, using a simple, ordinal grad-

ing system. It is not intended to be used for testing or 
assessment, but rather to demonstrate limitations or 
asymmetries with respect to common, fundamental 
human movement patterns. Tests and assessments 
are additional tools that can be used to further eval-
uate impairments of functional movements. The 
intent of the creators of the FMS™ was to develop a 
screen of movement that would expose functional 
limitations, which could in turn lead to an improved 
proactive approach to injury prevention.1,2

 The FMS™ may be used in the pre-participation physi-
cal examination, or be used as a stand-alone screening 
system to determine deficits that may be overlooked 
during the traditional rehabilitation process, medical, 
and performance evaluations. In many cases, mobil-
ity, stability, strength, or neuromuscular control 
imbalances may not be identified during traditional 
screening and assessment. These problems, previ-
ously acknowledged as significant risk factors, can 
be identified using the FMS™. The movement-based 
assessment serves to pinpoint functional deficits (or 
biomarkers) related to motor control, mobility, and 
stability faults. Thus, this system could also be used at 
the end of the formal rehabilitation process in order 
to assist (along with strength, power, and functional 
performance tests when appropriate) in determining 
an athlete’s readiness to return to function. 

Scoring the Functional Movement Screen 
(FMS™)
The scoring for the FMS™ was provided in detail in 
Part 1 of this series. However, the exact same instruc-
tions for scoring each test are repeated here to allow 
the reader to score the additional tests presented in 
Part 2 without having to refer to Part 1. The scoring for 
the FMS™ consists of four discrete possibilities.1,2 The 
scores range from zero to three, three being the best 
possible score. The four basic scores are quite simple 
in philosophy. An individual is given a score of zero 
if at any time during the testing he/she has pain any-
where in the body. If pain occurs, a score of zero is 
given and the painful area is noted. This score neces-
sitates further assessment by the professional, and an 
alternate functional movement assessment system 
developed for patients with known disability, injury, 
or pain is called the Selective Functional Movement 
Assessment (SFMA). Although beyond the scope 
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of this clinical commentary, the SFMA is a clinical 
assessment that is designed to systematically identify 
causes of movement dysfunction while taking pain 
into consideration, using an algorithmic approach.7,8 
A score of one is given if the person is unable to com-
plete the movement pattern or is unable to assume 
the position to perform the movement. A score of two 
is given if the person is able to complete the move-
ment but must compensate in some way to perform 
the fundamental movement. A score of three is given 
if the person performs the movement correctly with-
out any compensation, complying with standard 
movement expectations associated with each test. 
Specific comments should be noted describing why a 
score of three was not obtained. 

The majority of the tests in the FMS™ examine both 
the right and left sides in order to determine if sym-
metry is present or absent, and it is important that 
both sides are scored. The lower score of the two 
sides is recorded and is counted toward the total; 
however it is important to note imbalances that are 
present between right and left sides. 

Three FMS™ tests presented here in Part 2 (the 
shoulder mobility test, the trunk stability push-up, 
and the rotary stability test) have additional clear-
ing screens that are graded as positive or negative. 
These clearing movements only consider pain, thus, 
if a person has pain during the screening movement, 
then that portion of the test is scored positive and 
if there is no pain then it is scored negative. The 
clearing tests affect the total score for the particular 
tests with which they are associated. If a person has 
a positive clearing test then the score will be zero for 
the associated test. 

All scores for the right and left sides, and those for 
the tests that are associated with the clearing screens, 
should be recorded (Appendix A). By documenting 
all the scores, even if they are zeros, the sports reha-
bilitation professional will have a better understand-
ing of the impairments identified when performing 
an evaluation. It is important to note that only the 
lowest score is recorded and considered when tal-
lying the total score. The best total score that can 
be attained on the FMS™ is twenty-one. It should be 
noted that movement screening is not about deter-
mining whether someone is moving “perfectly”, 

it is about whether a person can move above an 
established minimal standard on basic, fundamen-
tal movements. Scores serve to tell the professional 
when a person needs more investigation or assess-
ment. Movement screening is about observing a 
series of sample movements and creating a “move-
ment profile” of what a person can and cannot do. It 
is crucial that rehab professionals profile movement 
before attempting performance or sport specific test-
ing or prescribing exercises.7

DESCRIPTION OF THE FMS™ TESTS
The following are descriptions of the final four spe-
cific test movements used in the FMS™ and their spe-
cific scoring strategies. Each test is followed by tips 
for testing developed by the authors as well as clini-
cal implications related to the findings of the test. It 
should be noted that the descriptions of the move-
ments or their test criteria/scoring criteria have not 
changed substantially since their initial descriptions 
in the literature, and therefore, are repeated here.1,2

Shoulder Mobility
Purpose: The shoulder mobility screen assesses bi-
lateral and reciprocal shoulder range of motion, 
combining internal rotation with adduction of one 
shoulder and external rotation with abduction of the 
other. The test also requires normal scapular mobil-
ity and thoracic spine extension. 

Description: The tester fi rst determines the hand 
length by measuring the distance from the distal 
wrist crease to the tip of the third digit in inches. The 
individual is then instructed to make a fi st with each 
hand, placing the thumb inside of the fi st. They are 
then asked to assume a maximally adducted, extend-
ed, and internally rotated position with on shoulder 
and a maximally abducted, fl exed, and externally ro-
tated position with the other. During the test, the 
hands should remain in a fi st and the fi sts should be 
place on the back in one smooth motion. The tester 
then measures the distance between the to closest 
bony prominences. Perform the test as many as three 
times bilaterally. (Figures 1-3)

Tips for Testing:

• The flexed shoulder identifies the side being 
scored. 
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• If the hand measurement is exactly the same as 
the distance between the two points, score the 
subject low. 

• The clearing test, if positive, overrides the score 
on the rest of the test.

• Make sure the individual does not try to “walk” 
the hands toward each other. 

Clearing Exam: A clearing exam should be per-
formed at the end of the shoulder mobility test. This 
movement is not scored; rather it is performed to 
observe a pain response. If pain is produced, a score 

of zero is given to the entire shoulder mobility test. 
The clearing exam is necessary because shoulder 
impingement can go undetected by the shoulder 
mobility testing alone. The individual places his/her 
hand on the opposite shoulder and then attempts to 
point the elbow upward (Figure 4). If there is pain 
associated with this movement, a positive (+) is re-
corded on the score sheet, and a score of zero is giv-
en. It is recommended that a thorough evaluation of 
the shoulder complex be performed. This screen 
should be performed bilaterally. 

Clinical Implications for Shoulder Mobility: The ability 
to perform the shoulder mobility test requires mo-
bility in a combination of motions including abduc-
tion/external rotation, fl exion extension, and adduc-
tion/internal rotation. This test also requires scapular 
and thoracic spine mobility. 

Poor performance during this test can be the result of 
several causes, one of which is the widely accepted ex-
planation that increased external rotation is gained at 
the expense of internal rotation in overhead throwing 
athletes. In addition, excessive development and short-
ening of the pectoralis minor or latissimus dorsi muscles 
can cause postural alterations including rounded or for-
ward shoulders. Finally, scapulothoracic dysfunction 
may be present, resulting in decreased glenohumeral 

Figure 1: Performance of the shoulder mobility test, scored 
as a “3”. Note: Fists are within one hand length.

Figure 2: Performance of the shoulder mobility test, scored 
as a “2”. Note: Fists are within one and one half hand lengths. 

Figure 3: Performance of the shoulder mobility test, scored as 
a “1”. Note: Fists are not within one and one half hand lengths. 
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mobility secondary to poor scapulothoracic mobility or 
stability. When an athlete achieves a score less than a 
“3”, the limiting factor must be identifi ed. Clinical docu-
mentation of these limitations can be obtained by using 
standard goniometric measurements of the joints as 
well as muscular fl exibility tests such as Kendall’s test 
for pectoralis minor and latissimus dorsi,9 or Sahrmann’s 
tests for shoulder rotator tightness;10 and additional ex-
amination techniques for assessment of capsular tight-
ness. This test also requires asymmetric movement be-
cause the arms travel in opposite directions. Both arms 
must move simultaneously, which requires postural 
control and core stability. Previous testing has identifi ed 
that when an athlete achieves a score of a “2”, minor 
postural changes or shortening of isolated axio-humeral 
or scapula-humeral muscles exist. When an athlete 
scores a “1” or less, a scapulothoracic dysfunction may 
exist. 

The Active Straight Leg Raise
Purpose: The active straight leg raise (ASLR) tests 
the ability to disassociate the lower extremity from 
the trunk while maintaining stability in the torso. 

The ASLR test assesses active hamstring and gastro-
soleus fl exibility while maintaining a stable pelvis 
and core, and active extension of the opposite leg. 

Description: The individual fi rst assumes the start-
ing position by lying supine with the arms in ana-
tomical position, legs over the 2 x 6 board, and head 
fl at on the fl oor. The tester then identifi es the mid-
point between the anterior superior iliac spine, and 
the midpoint of the patella of the leg on the fl oor, 
and a dowel is placed at this position, perpendicular 
to the ground. Next the individual is instructed to 
slowly lift the test leg with a dorsifl exed ankle and 
an extended knee. During the test the opposite knee 
(the down leg) must remain in contact with the 
ground and the toes pointed upward, and the head 
in contact with the fl oor. Once the end range posi-
tion is achieved, note the position of the upward 
ankle relative to the non-moving limb. If the malleo-
lus does not pass the dowel, move the dowel, much 
like a pumb line, to equal with the malleolus of the 
test leg, and score per the criteria. (Figures 5-7)

Tips for Testing: 

• The moving limb identifies the side being scored

• Make sure the non-moving leg (on the floor) main-
tains a neutral position (no hip external rotation)

Figure 4: Shoulder Clearing test. Perform this clearing test 
bilaterally. If there is pain associated with this movement, 
give a score of zero and perform a more detailed examination 
of the shoulder complex. 

Figure 5: Performance of the active straight leg raise test, 
scored as a “3”. Note the vertical line of the malleolus of the 
tested leg resides between the mid-thigh and the ASIS. The 
non-moving limb must remain in neutral position. 
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• Both knees must remain extended, and the leg on 
the floor must remain in contact with the floor

• If the dowel resides at exactly the mid point, score 
low. 

Clinical Implications for Active Straight Leg Raise: The 
ability to perform the ASLR test requires functional 
hamstring, gluteal, and iliotibial band fl exibility, all of 
which are required for training and competition. This 
is different from passive fl exibility, which is more 
commonly assessed. The athlete is also required to 
demonstrate adequate hip mobility of the opposite leg 
and pelvic and core stability. Poor performance dur-
ing this test can be the result of several factors. First 
the athlete may lack functional hamstring fl exibility. 
Second, the athlete may have inadequate mobility of 
the opposite hip, stemming from iliopsoas infl exibility 
associated with an anteriorly tilted pelvis. If this limi-
tation is gross, true active hamstring fl exibility will not 
be realized. A combination of these factors will dem-
onstrate an athlete’s relative bilateral, asymmetric hip 
mobility. Like the hurdle step test, the ASLR test re-
veals relative hip mobility; however, this test is more 
specifi c to the limitations imposed by the muscles of 
the hamstrings and the iliopsoas. 

When an athlete achieves a score less than a “3”, the 
limiting factor must be identified. Clinical documenta-
tion of limitations can be obtained by using Kendall’s 
sit and reach test, or the 90-90 active straight leg raise 
test for hamstring flexibility.9 The Thomas test can be 
used to identify iliopsoas inflexibility.9 Previous testing 
has identified that when an athlete achieves a score of 
“2”, minor asymmetric hip mobility limitations, mod-
erate isolated, unilateral muscle tightness may exist, 
or a stability dysfunction of the non-moving limb may 
be present. When an athlete scores a ”1”or less, gross 
relative hip mobility limitations are common. 

The Trunk Stability Push-Up
Purpose: The trunk stability push-up tests the ability 
to stabilize the core and spine in an anterior and pos-
terior plane during a closed-chain upper body move-
ment. The test assesses trunk stability in the sagittal 
plane while a symmetrical upper extremity push-up 
motion is performed. 

Description: The individual assumes a prone posi-
tion with the feet together. The hands are placed 
shoulder width apart at the appropriate position per 
the described criteria. During this test, men and 
women have different starting arm positions. Men 
begin with their thumbs at the top of the forehead, 
while women begin with their thumbs at chin level. 

Figure 6: Performance of the active straight leg raise test, 
scored as a “2”. Note the vertical line of the malleolus of the 
tested leg resides between the mid-thigh and the knee joint line. 
The non-moving limb must remain in the neutral position. 

Figure 7: Performance of the active straight leg rais test, 
scored as a “1”. Note the vertical line of the malleolus of the 
tested leg resides below the knee joint line. The non-moving 
leg must remain in the neutral position. 
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The knees are fully extended and the ankles dorsi-
fl exed. The individual is asked to perform one push-
up in this position. The body should be lifted as a 
unit; no “lag” (or arch) should occur in the lumbar 
spine when performing the movement. If the indi-
vidual cannot perform a push-up in this position, the 
thumbs are moved to the next easiest position, chin 
level for males, shoulder level for females, and the 
push-up is attempted again. The trunk stability push-
up can be performed a maximum of three times. 
(Figures 8 a, b, c, d)

Tips for Testing: 

• The athlete should lift the body as a unit. 

• Make sure that the original hand position is main-
tained and that the hands do not slide down as 
they prepare to lift

• Make sure that the chest and stomach come off of 
the floor at the same time

• When in doubt, score low

• A positive clearing test overrides the test score, 
making the score a 0. 

Clearing Exam: A clearing exam is performed at the 
end of the trunk stability push-up test. This move-
ment is not scored; the test is simply performed to 
observe a pain response. If pain is produced, posi-
tive is recorded on the score sheet and a score of 
zero is given for the test. This clearing exam is nec-
essary because back pain can go undetected during 
movement screening. (Figure 9)

Clinical Implications for the Trunk Stability Push-
Up: The ability to perform the turnk stability push-
up requires symmetric trunk stability in the sagittal 
plane during a symmetric upper extremity move-
ment. Many functional activities in sport require the 
trunk stabilizers to transfer force symmetrically from 
the upper extremities to the lower extremities and 
vice versa. Movements such as rebounding in basket-
ball, overhead blocking in volleyball, or pass block-
ing in football are common examples of this type of 
energy transfer. If the trunk does not have adequate 
stability during these activities, kinetic energy will 
be dispersed and lead to poor functional perfor-
mance, as well as the potential for micro traumatic 
injury. 

Poor performance during this test can be attributed to 
poor stability of the trunk/core stabilizers. When an 
athlete achieves a score less than “3”, the limiting fac-
tor must be identified. Clinical documentation of these 

Figure 8: Performance of the trunk stability pushup test. A. 
The body lifts as a unit with no lag in the spine. Men perform 
a repetition with thumbs aligned with the top of the head; 
women perform a repetition with thumbs aligned with the 
chin to score a “3”. 
To score a “2”, the body lifts as a unit with no lag in the spine. 
B. Men perform a repetition with thumbs aligned with the 
chin. C. Women perform a repetition with thumbs aligned 
with the clavicle. D. A score of “1” is given if the subject is 
unable to perform a repetition (with the body lifting as a unit) 
in the hand positions in B, men thumbs aligned with the chin; 
women with the clavicle. 
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limitations can be obtained by using tests by Kendall,9 
Richardson et al,12 Sahrmann,10 or bridging tests11 for 
both upper and lower abdominal and trunk strength. 
However, it should be noted that the strength tests by 
Kendall requires either concentric or eccentric con-
traction, while the trunk stability push-up requires an 
isometric (stabilizing) contraction (more like a bridge 
test) to avoid spinal hyperextension during the raising 
phase of the push-up. A stabilizing contraction of the 
core musculature is more fundamental and appropri-
ate than a simple strength test, which may isolate one 
or two key muscles. At this point in the FMS™, the 
muscular deficit should not be assessed and a com-
plete diagnosis rendered, rather, the examiner should 
note that performance on the screening test simply 
implies poor trunk/core stability in the presence of 
a trunk extension force, and further examination at a 
later time is needed to formulate a diagnosis. 

Rotary Stability
Purpose: The rotary stability test is a complex move-
ment requiring proper neuromuscular coordination 
and energy transfer from on segment of the body to 
another through the torso. The rotary stability test as-
sesses multi-planar trunk stability during a combined 
upper and lower extremity motion. 

Description: The individual assumes the starting posi-
tion in quadruped, their shoulders and hips at 90-de-
gree angles, relative to the torso, with the 2 x 6 board 
between their hands and knees. The knees are posi-
tioned at 90 degrees and the ankles should be dorsi-

fl exed. The individual then fl exes the shoulder and ex-
tends the same side hip and knee. The leg and hand are 
only raised enough to clear the fl oor by approximately 
6 inches. The same shoulder is then extended and the 
knee fl exed enough for the elbow and knee to touch. 
This is performed bilaterally, for up to three attempts 
each side. If the individual cannot complete this ma-
neuver (score a “3”), they are then instructed perform a 
diagonal pattern using the opposite shoulder and hip in 
the same manner as described for the previous test. 
They are also allowed three attempts at this test. (Fig-
ures 10 a, b; 11 a, b; 12 a,b)

Tips for Testing: 

• The upper extremity that moves indicates the side 
being tested. Even if the individual receives a “3”, 
the test must be performed bilaterally and results 
recorded on the score sheet. 

• The moving limbs must remain over the 2 x 6 
board to achieve a score of “3”

• The elbow and knee must touch during the flex-
ion part of the movement

• Make sure that the spine is flat, and the hips and 
shoulders are at right angles to begin the test

Figure 9: Spinal extension clearing test. The subject per-
forms a press-up in from the pushup position. If there is pain 
associated with this motion, give a score of “0” and conduct a 
more thorough examination. 

Figure 10: Performance of the rotary stability test, scored as 
a “3”. The subject performs a correct unilateral repetition. A. 
Extended position (does not have to be > 6-8” off the ground). 
B. Flexed position, elbow and knee must meet. Note: must 
maintain narrow upper and lower extremity weight bearing 
over the 2 x 6 board without major weight shift away from the 
board. 



The International Journal of Sports Physical Therapy | Volume 9, Number 4 | August 2014 | Page 557

• Provide cueing to let the individual know that he/
she does not need to raise the arm and leg more 
than 6 inches off of the floor

• When in doubt score low

• Do not try to interpret the score when screening

Clearing Exam: A clearing exam is performed at the 
end of the rotary stability test. This movement is not 
scored; it is performed to observe a pain response. If 
pain is produced, a positive is recorded on the score 
sheet and a score of zero is given for the test. This 
screening test is necessary because back pain can 
sometimes go undetected by movement screening. 

Spinal flexion is cleared by assuming a quadruped 
position, and then rocking back and touching the 
buttocks to the heels and the chest to the thighs 
(Figure 13). The hands should remain in front of the 
body, reaching out as far as possible. 

Clinical Implications for Rotary Stability: The abil-
ity to perform the rotary stability test requires asym-
metric trunk stability in both the sagittal and trans-
verse planes during asymmetric upper and lower 
extremity movement. Many functional activities in 
sport require the trunk stabilizers to transfer force 
asymmetrically from the lower extremities to the up-
per extremities and vice versa. Running and explod-
ing out of a down stance in track and football are com-
mon examples of this type of energy transfer. If the 
trunk does not have adequate stability during these 
activities, kinetic energy will be dispersed (lost), lead-
ing to poor performance and increased potential for 
injury. 

Poor performance during this test movement can be 
attributed to poor stability of the trunk (core) stabiliz-
ers. When an athlete achieves a score less than “3”, the 
limiting factor must be identified. Clinical documen-
tation of these limitations can be obtained similarly 
to those limitations found in the trunk stability push 

Figure 11: Performance of the rotary stability test, scored as 
a “2”. The subject performs a correct diagonal repetition. A. 
Extended position (does not have to be > 6-8” off the ground). 
B. Flexed position, elbow and knee must meet. Note: must 
maintain narrow upper and lower extremity weight bearing 
over the 2 x 6 board without major weight shift away from the 
board. 

Figure 12: Performance of the rotary stability test, scored as 
a “1”. The subject is unable to perform a diagonal repetition. 
A. Extended position. B. Flexed position. 

Figure 13: Spinal fl exion clearing test. The subject assumes 
a quadruped position, and then rocks backward, touching the 
buttocks to the heels and chest to the thighs, reaching the arms 
out as far as possible. A score of “0” is give if there is any pain 
associated with this movement, and a more thorough exami-
nation should be performed.
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up, by using Kendall’s manual muscle tests for upper 
and lower abdominals,9 Sahrmann’s grading system 
for the lower abdominals, or bridging tests.10,11

KEY CONCEPTS RELATED TO THE FMS™
The authors of this clinical commentary suggest that 
the FMS™ is an important way to consider human 
movement at a pattern and functional level, which 
can be used both at the end of the rehabilitation 
process and at the beginning of a new fitness or 
conditioning endeavor. It is simply an appraisal of 
fundamental human movement, designed to identify 
a movement baseline by using a series basic move-
ment patterns performed with an individual’s body 
weight alone (henceforth referred to as 1x BW).

Let’s review. Start with the title: The Functional Move-
ment Screen, and note the three operational words: 
Function is placed at the beginning to represent the 
absence of dysfunction within movement patterns. 
Movement designates the physical quality that is be-
ing appraised. Finally, the last word Screen demon-
strates clearly that this is not a test, evaluation, or as-
sessment. This exact type of thinking is well received, 
and commonplace in almost every other system of 
the body, where screens or screening procedures are 
central to the consideration of a body system. Con-
sider the analogy of the blood pressure (BP) cuff. The 
BP cuff is used to place people into a “normal”, “hypo-
tensive”, or “hypertensive” category. In most screen-
ing situations, the attempt is made to discern whether 
hypertension is present. Once hypertension is identi-
fi ed, the BP cuff is no longer needed to identify why 
the condition is occurring. Other tests, measure-
ments, and diagnostic tools are used for that process. 

This analogy holds for the FMS™. The screen serves 
a directional role, not a diagnostic role. If in some 
area you screen below a cut point, you are sent for 
further assessment or evaluation. In healthcare, this 
means greater investigation into biomarkers that 
could infer a potential problem or issue. Whereas, if 
you screen above the cut, the screen demonstrates 
a level of competency that can and could be tested 
in a more aggressive or higher threshold manner in 
order to describe fitness or performance deficits. 

Thus, the FMS™ was never intended to be an assess-
ment or evaluation; it was simply put in place as a 

user-friendly tool to identify questionable movement 
that falls into a dysfunctional category. Describing 
dysfunction of the movement system had to start 
somewhere! 

REVIEW OF RESEARCH RELATED TO 
THE FMS™
As mentioned in Part 1 of this series, the FMS™ 
appears to be a relatively reliable test both between 
different raters and between different rating ses-
sions performed by the same rater.13,14 The mean 
FMS™ scores in healthy, young active individuals 
ranges from 14.14 ± 2.85 points to 15.7 ± 1.9 points. 
This suggests that most untrained people are slightly 
above the cut-off score of ≤14 points, which is thought 
to be indicative of compensation patterns, increased 
risk of injury, and reduced performance.14,15

Several researchers have examined the ability of 
the FMS™ to determine who is at risk for injury or 
predict injury in various populations,16-19 however, 
many question the validity of the FMS™ for pre-
dicting injury or risk, for several reasons. First, the 
FMS™ should not be considered a unitary construct, 
as the total score cannot be treated as a cluster vari-
able that estimates something as general and diffi-
cult to predict as injury. Stated differently, the use of 
a total FMS™ score for predicting injury risk should 
be avoided, as the individual components of the test 
are not correlated with one another and are there-
fore not measuring the same underlying variable.14 
A total score below 14 indicates greater relative 
risk, however the converse is not true, at total score 
greater than 14 does not mean lower relative risk. 
And finally, it appears the knowledge of the test cri-
teria appears to affect the outcome of the test.20

The use of a total FMS™ score alone for predicting 
injury risk may not be sufficient, as performance 
assessments executed at sports-specific demands 
and speeds differ substantially from those performed 
during the fundamental movements that comprise 
the FMS™. For example, power, endurance, change 
of direction, and other functional constructs are not 
included in the FMS™ screening. This means that an 
athlete could perform a completely different com-
pensation pattern on the field of play compared to 
when carrying out the 1x BW screens. The creators 
of the FMS™ are fully aware of this limitation, and 
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advocate for using additional tests (greater than 1x 
BW, power, and sport specific screens and tests) for 
a complete assessment of readiness to compete or 
return to competition. 

MISCONCEPTIONS AND MYTHS OF 
THE FMS™ 
Misconception #1: The Functional Movement Screen 
is designed to be diagnostic. Reality: it is designed 
to be a SCREEN, to determine movement compe-
tency, with 1x BW during fundamental movements 
that incorporate mobility, stability, and motor con-
trol. It was never intended to be a test or an assess-
ment, which would be diagnostic, as compared to 
screening. 

Misconception #3: All athletes should strive to get a 
“perfect” score. Reality: A higher score is not neces-
sarily better! This is a screen used to describe or char-
acterize an individuals’ movement competency, thus 
attempting to reach a score of 21 is not the goal. Look-
ing at raw numbers is not enough. Rather, it is impor-
tant to identify asymmetries and 0’s. Several sport 
specific exceptions to this rule exist, e.g. the overhead 
throwing athletes’ lack of symmetry in glenohumeral 
joint rotation. The authors acknowledge that asym-
metries exist in the athletic population, and many 
are sport specific. Performance asymmetries tend to 
occur more distally, whereas asymmetries in motor 
control tend to occur more proximally. Thus, proxi-
mal symmetry (e.g. of the core) is of greater impor-
tance and is more addressable than distal symmetry 
and should be addressed with corrective exercises.

The authors believe if someone scores well (within the 
norms) on the FMS™ that he/she can still be at risk 
of injury because of several factors, including but not 
limited to, poor landing mechanics, strength, endur-
ance, agility, or power deficits. But if he/she has scored 
within the established norms (demonstrated move-
ment competency), it is likely that he/she possesses 
the fundamental movement capability to improve 
those higher-level performance measures (Figure 14). 

SUMMARY AND IMPLICATIONS FOR 
PRACTICE: “THE SO WHAT”
If movement is characterized into three categories, 
movement health, movement competency, and 
movement capacity, it is apparent that a movement 
screen is beneficial to the sports physical therapist. If 
all movement into “lumped” into a single category, a 
screen is of little use, however these three different 
descriptive categories of movement are what began 
the authors’ investigation into screening. 

Movement Health: If movement health is defi ned as 
ability, then the opposite of that would be disability. 
When an athlete has structural changes, neurologi-
cal insult, signifi cant injuries involving infl amma-
tion, and acute, chronic, or permanent limitations to 
movement, then these should be investigated with a 
more sensitive movement tool than a screen. The 
FMS™ does not try to do this! Simply stated, it is not 
designed to be performed with people who demon-
strate pain or other health-related concerns. 

Misconception #2: The Functional Movement Screen 
results relate to how the person will perform under 
load or in competition. Reality: the goal of the Func-
tional Movement Screen is not to measure sport per-
formance. So the research studies that are trying to see 
if it relates to sport performance really miss the mark. 
Recall, the FMS™ is screen of 1x BW fundamental move-
ment competency, and additional assessment is neces-
sary to determine sport performance capabilities. 

Figure 14: Functional Movement Systems. This diamond-
shaped representation of related functional movement tools 
demonstrates where the FMS™ fi ts into the bigger picture of 
functional assessment. Note that it resides above the horizon-
tal line indicating pain, and below specifi c performance tests 
and skill testing, indicating it’s role as a screen for movement 
competency. Of note, below the line indicating pain is the 
SFMA and impairment-based examination and assessment. 
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Movement Competency: Movement competency is 
something that must be established and investigated 
because at this time risk factors for movement dys-
function are incompletely described. In contrast, as-
sessable risk factors have been described for almost 
every other system of the body, and signs of dys-
function (risk factors) emerge before the symptoms 
of dysfunction and/or disease or disability present. 
Even though people are out of health risk or pain 
with regard to movement, it does not mean that they 
are necessarily optimally “functional”. This simple 
fact may explain why movement dysfunction is so 
prevalent. Consider an important example related to 
movement: the segment of the population that is at 
high risk for falls has been identifi ed, however, fall 
risk assessment is typically not performed until the 
fi rst fall occurs. This is missing an important oppor-
tunity for primary prevention. Health providers are 
more proactive with risk assessment in almost every 
other body system (cardiovascular, pulmonary, en-
docrine) than the movement system. The take home 
message: fundamental movement screening is in-
tended to identify and describe movement compe-
tency (or lack thereof) and determine whether it 
needs to be further investigated (Figure 15).

The last level of movement screening is that of move-
ment capacity, which is greater than competency. 
Competency simply means that the movement sys-
tem is working proficiently, and a solid foundation 
exists upon which to build performance. In the pres-
ence of movement competency, positive adaptations 
related to training should occur. Whereas, in cases 

of movement dysfunction (limitations in mobility, 
stability, and motor control) the same stress might 
cause unnecessary risk or at a bare minimum, wasted 
exercise time without the associated benefits of that 
investment. Movement capacity or physical capac-
ity is where deficiencies are common. For example, 
an athlete displays movement competency but has 
extremely low endurance (capacity), which can be 
explained by the lack of training. The same illustration 
works for decreased strength. It should be noted that 
with regard to strength, it is most relevant to compare 
an individual to an age relative, gender specific norm 
or expectation. Age and gender specific comparisons 
are the best way to examine specific deficiencies in 
power, work capacity, speed, agility, and quickness. 

When movement is examined relative to these three 
categories, the thinking regarding utility of screening 
becomes apparent: a screen creates direction. The 
screen can alert a practitioner to movement health 
issues, movement competency issues, and also can 
clear the individual for greater investigation into 
movement capacity. A screen such as the FMS™ sits 
in a unique, central place, not as a diagnostic tool, or 
as a stand-alone test, but as an appraisal of movement 
in both loaded and unloaded conditions, that repre-
sents some of the basic patterns of human movement. 
Screens exist in many other health and body systems 
but health providers lack clarity when it comes to 
screening of the movement system. 

The authors of this clinical commentary are com-
pletely aware that screens, tests, evaluations, and 
assessments are simply methods that will grow, 
change, and become more refined toward specific 
goals. If the definitions of movement health, move-
ment competency, and movement capacity are uti-
lized, then the best screens, tests, and assessments 
will emerge. To initiate action and be a part of the 
process, the authors introduced the FMS™ and the 
SFMA as attempts to address movement patterns 
instead of isolated joint measurements. 

The authors of this commentary have understood 
for quite some time that movement is a vital com-
ponent of the human experience, because in human 
movement, the whole is greater than the sum of 
its parts. The recently adopted vision statement of 
the American Physical Therapy Association, state-

Figure 15: The Performance Pyramid. Of note, the lowest 
level is movement competency, or functional movement, 
where screening is appropriate. The upper two levels relate to 
movement capacity.
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ment for the profession of Physical Therapy in 2013: 
“Transforming society by optimizing movement to 
improve the human experience”21,p.18 illustrates the 
commitment of the profession of physical therapy 
to placing movement at the center of physical ther-
apist practice. In fact, discussion began some time 
ago regarding the definition of the movement system, 
developed with the help of Florence Kendall: 

The movement system is a physiological sys-
tem that functions to produce motion of the 
body as a whole or of its component parts. 
The functional interaction of structures that 
contribute to the act of moving.22

Recently, Dr. Shirley Sahrmann has begun a profes-
sion-wide discourse on promotion of movement as a 
physiologic system, promoting an emphasis on patho-
kinesiology versus pathoanatomy. She advocates for 
making the human movement system be the cor-
nerstone for physical therapist practice, education, 
and research across the practice spectrum and lifes-
pan.23 The authors of this commentary agree whole 
heartedly with Dr. Sahrmann, when she states: “We 
should incorporate more detailed observation and 
analysis of movement while patients perform func-
tional activities into standardized physical therapist 
examinations”.23,p.1041 The authors believe that it is 
important for all PT’s to assess fundamental move-
ment competency, as a starting point, regardless of 
the screening system you use. 

As other systems are developed they may add to the 
practice of movement assessment, and may be uti-
lized in addition to or instead of the FMS™. After the 
“starting point” of fundamental movement compe-
tency is determined and deemed appropriate, this 
paves the way for use of higher-level functional 
assessments that include > 1x BW strength and per-
formance/skill assessments.

The Functional Movement Screen™ is the registered 
trademark of FunctionalMovement.com. Gray Cook 
and Lee Burton have disclosed a financial interest in 
Functional Movement Systems. The Editors of IJSPT 
emphasize (and the authors concur) that the use of fun-
damental movements as an assessment of function is 
the important concept to be taken from Part 1 and Part 
2 of this series and can be performed without the use of 
trademarked equipment. 
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