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SYSTEMATIC REVIEW WITH META-ANALYSIS

IS MULTI-JOINT OR SINGLE JOINT STRENGTHENING
MORE EFFECTIVE IN REDUCING PAIN AND
IMPROVING FUNCTION IN WOMEN WITH
PATELLOFEMORAL PAIN SYNDROME? A SYSTEMATIC
REVIEW AND META-ANALYSIS.
Kristen Scali, SPT1
Jordan Roberts, SPT1
Megan McFarland, SPT1
Katie Marino, SPT1
Leigh Murray, PT, PhD1

ABSTRACT
Background: Patellofemoral pain syndrome is one of the most common causes of knee pain, especially in the female
population. Conflicting evidence exists on whether a multi-joint strengthening program produces a greater outcome
when compared to a single joint approach.
Purpose: The aim of this systematic review and meta-analysis was to investigate the effectiveness of a multi-joint
strengthening program compared to a traditional single joint strengthening program in reducing pain and improving
function in females diagnosed with patellofemoral pain syndrome.
Study Design: Systematic Review and Meta-Analysis.
Methods: A computer-based search (population: women with patellofemoral pain syndrome, intervention: multi-joint
strengthening exercises, comparator: single joint strengthening exercises, outcome: pain and function) was performed.
Databases including PubMed, CINAHL, SPORTDiscus, Cochrane, PEDro, and Scopus were searched up to May 23,
2017 for randomized clinical trials published since 2004. A hand search of relevant articles and exploration of Grey
Literature (including clinical trials.gov, Grey Literature Report, and Open Grey) was also completed. Data was
extracted for the following information: exercises prescribed, outcome measures, and overall results from the study.
Results: Five studies, each of high quality based on the PEDro scale, met the inclusion criteria for this systematic
review and meta-analysis. Statistically different outcomes were found that favored the multi-joint intervention group
for short-term and long-term self-reported pain and functional pain, short-term functional performance, and longterm self-reported function.
Conclusion: The results of this review show that statistically significant data are available that favor implementing a
multi-joint exercise program in comparison to a single joint program for the reduction of pain in females with patellofemoral pain syndrome. Limited statistical evidence, however, is available to support a multi-joint program over a
single joint program in the improvement of short-term functional performance and long-term self-reported function
in females with patellofemoral pain syndrome.
Key words: Hip, knee, multi-joint, patellofemoral pain syndrome, single-joint, strengthening program.
Level of Evidence: 1a
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INTRODUCTION
Patellofemoral pain syndrome (PFPS) is one of the
most common causes of knee pain in many populations.1-6 PFPS is caused by many different factors,
including increased foot pronation, increased internal rotation (IR) of the tibia with increased valgus
stress, excessive lateral tracking of the patella, muscle imbalance, or overuse.1,2,4-6 Women in particular
are prone to biomechanical disadvantages including decreased quadriceps and hip external rotator
strength, altered kinematics with dynamic tasks,
increased Q angle, and increased hip IR, all of which
may predispose women to the symptoms associated
with PFPS.1,7
Given these biomechanical factors, women experience an increased prevalence of PFPS when compared to their male counterparts. The prevalence
has been reported as high as 1.5 times greater in
females than in males.8 Due to the increased prevalence of females experiencing symptoms of PFPS,
attention to females when investigating treatment
options is imperative.
During stair navigation, all females demonstrate
hip adduction and knee abduction, while individuals already diagnosed with PFPS display greater
ipsilateral trunk lean, contralateral pelvic drop, hip
adduction, and knee abduction when compared to
males and individuals not diagnosed with PFPS.9
These results suggest that the female population,
as a whole, present with similar biomechanical
factors, whether or not they have been diagnosed
with PFPS, resulting in a functional disadvantage.
The deficits observed with stair negotiation suggest
that PFPS occurs as a result of weak hip and knee
joint muscles. Focusing on strengthening of the
hip abductors could decrease ipsilateral trunk lean,
contralateral pelvic drop, and hip adduction, while
focusing on strengthening the primary movers of
the knee joint could decrease knee abduction. Two
randomized controlled trials that compared hip only
strengthening interventions to knee only strengthening interventions found that individuals in the
hip intervention groups experienced a decrease in
pain sooner than the knee only intervention groups,
although both intervention groups showed similar
improvements in symptoms during a longer follow up period.10,11 This suggests that implementing

a multi-joint exercise program that addresses both
the hip and knee joints would likely be beneficial
to reduce pain and functional impairments experienced with PFPS.
Several researchers have examined the effectiveness
of combined hip and knee strengthening on decreasing symptoms of PFPS, but fewer have examined the
effects of this treatment on women specifically. Two
recent systematic reviews found that a hip and knee
strengthening protocol reduced pain and improved
function for both short- and long-term periods following intervention.5,12 Another recent study contrasted
these findings, reporting that hip and knee strengthening are equally effective in reducing pain and
improving function, with limited evidence to support
the benefits of the addition of hip strengthening.13
Limited high-quality evidence exists on whether or
not the addition of hip strengthening is beneficial in
decreasing pain and improving function in patients
with PFPS.14 Additionally, no systematic reviews
were found that focus on the female population
alone. Thus, the aim of this systematic review and
meta-analysis was to investigate the effectiveness
of a multi-joint strengthening program compared to
a traditional single joint strengthening program in
reducing pain and improving function in females
diagnosed with patellofemoral pain syndrome.
METHODS
Research topic, pilot title, and protocol were registered online on the PROSPERO database with registration number: CRD42016051313. The Reporting
Checklist for Meta-Analyses of Observational Studies (MOOSE) guidelines were utilized throughout
the research process.15
Eligibility Criteria, Search Strategy, and
Study Selection
Eligibility for this review included randomized controlled trials that compared multi-joint and single
joint exercise programs in women diagnosed with
PFPS (described as patellofemoral pain, patellofemoral pain syndrome, or anterior knee pain), but no
other concurrent knee conditions. Studies must have
included outcome measures assessing pain and function, as well as reported outcomes separated by gender. Multi-joint exercises were defined as therapeutic
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exercise that focused on strengthening the musculature about more than one joint, including at least
the hip and knee. Single joint exercises were defined
as exercises strictly focusing on strengthening at the
musculature of the knee joint (closed kinetic chain
or open kinetic chain approach). While exercise protocols investigating a single joint (either the knee or
hip) will inherently produce activation of muscles
spanning both joints (i.e. the quadriceps), the sole
focus of a single joint protocol is the activation of
the primary movers of that joint. For example, while
the ascending portion of a standing squat requires
hip extension and utilizes specific musculature
required for that motion, the focus of the exercise
is knee extension and the concentric activation of
the quadriceps musculature. Examples of common
exercises that were used in the studies included in
this review for both the multi-joint and single joint
groups can be found in Table 1. Studies published
prior to 2004 were not included in order to focus on
the most recent literature on this topic. While studies regarding this topic were published prior to 2004,
the majority of high quality studies focusing specifically on females with the syndrome have been published within the past 13 years. Non-English studies
were also excluded.
Electronic databases including PubMed, CINAHL,
SPORTDiscus, Cochrane, PEDro, Scopus were
searched in consultation with a librarian on

November 20, 2017 and May 23, 2017. Keywords
included “PFPS,” “anterior knee pain,” and “patellofemoral pain”. An example of a specific search strategy used can be found in Table 2. A hand search of
relevant articles and exploration of Grey Literature
(including clinicaltrials.gov, Grey Literature Report,
and Open Grey) were also completed for any additional studies not identified in the database search.
After duplicates were removed, titles were screened
by two authors and disagreements were resolved
by a third author. Screening of abstracts was completed by four authors and any disagreements were
discussed with unanimous consensus reached for
inclusion. Further screening of full texts was completed by two authors and all disagreements were
resolved by a third author. Search results are displayed in Figure 1.
Quality Assessment
Quality assessment of articles was completed by
two authors and any discrepancies that arose were
settled by a third author. Methodological quality of
each study was assessed using the PEDro scale,16
which consists of 11 items, each of which is scored
by a “yes” or a “no” response. A “yes” is equivalent
to one point on the scale and is only assigned if the
criteria are specifically stated within the text. A
“no” is assigned to categories not specifically stated
within the text. Specific guidelines and criteria for

Table 1. Sample exercises for multi-joint and single joint protocols30-32,34

Table 2. Example search strategy entered into PubMed
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Figure 1. Prisma ﬂow diagram.

the grading with the PEDro scale are outlined in Verhagen et al.16 The reliability of the PEDro scale has
been assessed as having inter-rater reliability ranging from moderate to substantial reliability (κ = .50 –
.79).17 Using the PEDro scale for assessment, the
articles with more “Yes” scores are of higher quality
given the scale of the assessment.18
Data Extraction and Analysis
The outcome measures were categorized into four
groups based on the constructs investigated, and
included self-reported pain at rest, functional pain,
self-reported function, and functional performance.
Self-reported pain at rest is a subjective report of
pain while the individual is not completing any
physical activity. This is measured by the Visual
Analog Scale (VAS). Functional pain is a subjective
measure of pain that the individual experiences
while performing physical activity or activities of
daily living (ADLs) and is also measured by the VAS
and Numeric Pain Rating Scale (NPRS). Both the VAS

and the NPRS have been found to have excellent
and high test-retest reliability (r= 0.97 and r=0.92
respectively).19, 20
Self-reported function is a subjective report of the
individual’s functional ability to perform daily
activities and is measured by the Lower Extremity
Functional Scale (LEFS), the Anterior Knee Pain
Scale (AKPS), or the Kujala Function Score. The
LEFS and Kujala have each been found to have
excellent test-retest reliability (r=0.94 and r=0.944
respectively),21, 22 while the AKPS was shown to have
excellent inter-rater reliability (r=0.95).23 Finally,
functional performance testing is an objective measure of functional ability and these investigate either
muscle power measured by the Single Limb Hop
Test or muscle endurance measured by the Step
Down Test or Single Leg Squat Test. The single limb
hop test is an assessment of lower extremity function that measures the distance jumped by the study
participant in a single attempt. The single limb hop
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test has been reported to produce high inter-rater
reliability (ICC=0.77-0.99).24 The step down test is
performed with the participant keeping the testing
leg on a raised platform while the contralateral limb
descends to a lower surface. The step down test has
been reported to have high intra-rater reliability
(ICC=0.94).25 The single leg squat is performed in
single leg stance by flexing and extending the knee
to a predetermined angle in a controlled manner.
Both tests are quantitative assessments of lower
extremity function as they measure the number of
repetitions of these exercises completed by the subject in a given time frame. Established reliability values were not found for the single leg squat test.
Data extraction was completed by four authors
who independently collected pertinent data from
each included study. All data was cross-checked
by another author. Participant inclusion/exclusion
criteria, sample size, interventions, and follow-up
times were synthesized as well as means, medians,
standard deviations, and p-values for the multi-joint
and single joint groups in each study.
Meta-analyses were made using Comprehensive
Meta-Analysis, Version 3 wherever possible. All
meta-analyses were completed using standardized
mean difference (SMD) as the summary measure of
effect. SMD with 95% confidence intervals (CI) were
used as this method is seen to be more generalizable
and also allows the use of different scales to assess
the same general construct. I2 statistics were calculated in order to determine the level of heterogeneity or lack thereof between included studies. The I2
statistic is more useful than the Q test, which only
indicates the presence versus absence of heterogeneity.26 Percentages used by Higgins and Thompson27 were utilized to quantify the magnitude of
heterogeneity: 25% = low, 50% = medium, 75% =
high heterogeneity. Utilizing the scale, if I2 was
<50%, a fixed effects model was used, and if the
I2 was >50%, a random effects model was used.
Interpretation of effect size used Cohen’s criteria for
pooled estimates.28 Cohen describes 0.2 as small, 0.5
as moderate, and 0.8 as large effect sizes.27
Risk of bias was assessed via funnel plot construction. A symmetrical funnel plot indicates low risk
of publication bias, whereas an asymmetrical funnel
plot indicates a higher risk of publication bias.29

RESULTS
The search process returned 475 records on this
topic. There were 470 articles excluded through title,
abstract, and full-text assessments because they
did not meet inclusion criteria, were not randomized controlled trials, or the study design and interventions did not match the research question. The
remaining five studies were used to complete this
systematic review and meta-analysis.30-34 Substantial
agreement between reviewers was demonstrated
in the title screening process, with κ = 0.719 (95%
CI, 0.632 to 0.805) p<.05, and excellent agreement
between reviewers was found during the full-text
screening process, with κ = 0.915 (95% CI, 0.753 to
1) p<.05.35 The methods of the study selection and
exclusion are shown in figure 1.
Quality Assessment
The five included articles30-34 were assessed using the
PEDro scale with κ = 1.0 (95% CI, 1.0 to 1.0) p<0.05,
demonstrating excellent agreement between reviewers.35 Each of the included articles30-34 received scores
of at least 8. Given the scores as assessed by the
PEDro scale, all included articles are of high quality.18 All five studies30-34 used assessor blinding to
decrease the risk of measurement bias, used concealed assignment to randomize the subjects in each
group, and all groups were statistically similar prior
to intervention, which reduced the risk of selection bias. Results from the PEDro quality checklist
assessment are summarized in Table 3.
Study Characteristics
Individual study details including sample size,
patient age, intervention and comparison group
protocols, results, and exercise prescription are presented in Table 4. All included studies investigated
exercise protocols of the hip and knee musculature
in comparison to exercise protocols of knee musculature only. The results of each of these studies
were categorized into two different time periods:
short-term and long-term. The short-term period
was defined as the timeframe that treatment was
provided. The long-term period is defined as the follow-up period after treatment has ended. During the
short-term period, treatment duration lasted either
four, six, or eight weeks. The long-term follow-up
period lasted 12 weeks. No structured intervention
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Table 3. Quality Check Assessment

was performed during the follow-up period. Data
were analyzed separately for short-term and longterm periods.
Effects of Multi-Joint Compared with Single
Joint Exercise Programs
All five studies30-34 compared multi-joint exercise
programs with single joint exercise programs in
females. Outcome measures of four of the five studies evaluating pain and function were assessed at
two different time points: pre and post treatment
(short-term).30,31,33,34 Three of the five studies30,32,34
also evaluated pain and function after treatment was
ended (long-term). Four out of five studies provided
clear outlines of the exercise programs performed
per each intervention group.30-32, 34 Razeghi et al. only
provided the targeted muscle groups in each of the
intervention categories and did not include specific
exercise protocols that participants followed.33 A
summary of meta-analysis results can be found in
Table 5 and Table 6.
Self-Reported Pain at Rest
Three of the five studies30,33,34 used in the meta-analysis examined self-reported pain utilizing the VAS
scale. In the short term, evidence suggests a large
effect28 and a significant decrease in pain (SMD,
0.87, CI: 0.48, 1.26, p≤0.001) favoring multi-joint
interventions over single joint interventions (Figure
2A). Two studies30,34 were included in the meta-analysis of the long-term period, and evidence demonstrated a large effect 28 and a significant decrease in
pain (SMD, 0.89, CI: 0.43, 1.34, p≤0.001) in favor of

multi-joint interventions over single joint interventions (Figure 3A). Heterogeneity for self-reported
pain at rest was low for both short- and long-term
effects (I2 = 0). See Tables 5 and 6 for meta-analysis
results.
Pain During Functional Activities
Three of the five studies31,32,34 used in the meta-analysis investigated pain during functional activities.
Activities analyzed included pain with ascending
and descending stairs, ramp negotiation, running,
squatting, standing, and walking. Results demonstrated significant decreases in pain with a variety
of activities and a moderate short-term (SMD, 0.46,
CI: 0.05, 0.88, p=0.03) and a large long-term effect
(SMD, 0.97, CI: 0.02, 1.93, p=0.05) in favor of multijoint interventions over single joint interventions
(Figures 2B and 3B respectively). Heterogeneity for
self-reported pain at rest during the short term was
low (I2 = 0) and was high for the long-term effects
(I2 = 77.34). See Tables 5 and 6 for meta-analysis
results.
Self-Reported Function
Four of the five studies30-32,34 used in the meta-analysis investigated self-reported function but utilized
different questionnaires as their subjective measures (Kujala, AKPS, and LEFS). Three of the four
studies30,31,34 analyzed self-reported function in the
short term, and did not demonstrate statistically significant improvements in self-reported function in
favor of multi-joint interventions over single joint
interventions but did report a moderate effect size
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Table 4. Individual Study Demographics
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Table 5. Meta-analysis for short term impact

Table 6. Meta-analysis for long term impact

(SMD=0.50, CI: -0.14, 1.13, p=0.13) (Figure 2C).
Heterogeneity for self-reported function in the short
term was low (I2 = 0).
Two of the five studies30,32,34 were analyzed with
regards to long-term self-report of function and did
demonstrate statistically significant improvements
in self-reported function in favor of multi-joint interventions over single joint interventions with a large
effect size (SMD=1.36, CI: 0.30, 2.41, p=0.01) (Figure 3C). Heterogeneity for self-reported function in
the long term was high (I2 = 71.13). See Tables 5 and
6 for meta-analysis results.
Functional Performance Testing
Four of the five studies30-32,34 included in the metaanalysis investigated functional performance and
used a variety of measures including the Single Hop
Test, Triple Hop Test, Single Leg Squat, and Step
Down Test. Functional performance during the short
term was analyzed in three of the four studies.30,31,34
The results demonstrate a statistically significant
improvement in functional performance in favor of
multi-joint interventions over single joint interventions (SMD=0.44, CI: 0.08, 0.80, p=0.02) (See Figure 2D). Two of the four studies32,34 were analyzed

with regard to long-term reports of functional performance, however, statistically significant improvements in function were not reported in favor of
multi-joint interventions over single joint interventions with a moderate effect size (SMD=0.54, CI:
-0.22, 1.31, p=0.17) (Figure 3D). Heterogeneity for
functional performance was high for both short- and
long-term effects (I2 = 67.48; 85.97). See Tables 5
and 6 for meta-analysis results.
DISCUSSION
The goal of this systematic review and meta-analysis was to analyze the effectiveness of a multi-joint
exercise protocol compared to a single joint protocol
in reducing pain and improving function in females
diagnosed with PFPS. Through meta-analysis of all
five studies,30-34 statistical significance was found that
favored the multi-joint intervention group for shortterm and long-term self-reported pain and functional
pain, short-term functional performance, and longterm self-reported function. These findings suggest
that strengthening musculature about both the hip
and knee joints is more effective in decreasing pain
and improving function in females with PFPS when
compared to strengthening musculature about the
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Figure 2. Standard difference in means in individual studies for short-term (A) self-reported pain, (B) pain with functional activity, (C) self-reported function, and (D) function after completion of treatment. Squares represent study-speciﬁc ﬁndings and diamond represents summary estimates of ﬁxed/random effects meta-analysis. SJ single joint, MJ multi-joint, CI Conﬁdence Interval.

knee joint alone. The results potentially support an
intervention that may directly target the inherent
mechanical disadvantage that women face at both
the hip and knee joint. These disadvantages include
an increased Q-angle, increased hip internal rotation, possibly resulting from decreased strength of
the quadriceps and hip external rotators.1,7 Strengthening the musculature about both the hip and knee
joints could help to provide better stability and posture at both joints through improved neuromuscular activation, muscular hypertrophy, and increased
muscle cross-sectional area which may counteract
many of the inherent anatomical factors that predispose women to the symptoms of PFPS. This in turn

may have a positive impact on pain and function in
this population.
The Minimal Clinically Important Difference
(MCID) for the VAS and NPRS has been reported
as 1.4 and -1.5 to -3.5 respectively.36,37 The MCID is
the minimal change in a scale that can be detected
as “different” from a patient’s perspective and warrants a change in the intervention that is used for a
particular condition. All included studies reported
mean post-intervention pain changes that exceeded
established MCID values. Multi-joint intervention
groups also displayed mean changes in reported
pain that were larger than the mean reported
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Figure 3. Standard difference in means in individual studies for long-term (A) self-reported pain, (B) pain with functional activity, (C) self-reported function, and (D) function during the follow-up period. Squares represent study-speciﬁc ﬁndings and diamond represents summary estimates of ﬁxed/random effects meta-analysis. SJ single joint, MJ multi-joint, CI Conﬁdence Interval.

changes in the single joint groups. This is clinically
significant because individuals experiencing pain
demonstrated improvement after using a treatment
approach focused on both the hip and knee. Statistical significant outcomes with moderate to large
effect sizes were found for decreasing pain at rest
and with functional activities in favor of individuals completing a multi-joint exercise protocol when
compared to those completing a single joint protocol. In addition, clinical and statistical significant
differences found using the VAS and NPRS could
be attributed to all included studies utilizing a validated subjective measure of pain, which provided
a larger sample size from which to draw these conclusions. This data provides clinical and statistical

significance, supporting the use of a multi-joint protocol in clinical practice.
Calculated effect size and statistical significance values were inconsistent throughout the self-reported
function measures. While both the short-term and
long-term periods demonstrated moderate to large
effect sizes, the meta-analysis found statistical significant support for improvement in self-reported
function for the long-term periods, but not shortterm. When breaking down the short-term results,
the study that least favored the multi-joint group
consisted of a four-week strengthening protocol.31
One possible explanation for this finding is that this
shorter frequency and duration of treatment is not
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long enough to allow for significant muscle hypertrophy or biomechanical changes that would allow for a
noticeable improvement in function. The literature
has shown that four weeks is not long enough to create significant muscular hypertrophy and increases
in muscular cross-sectional area.38 The subjects that
received at least six weeks of treatment may be more
likely to demonstrate greater improvements simply
because of increased strength gains, increased muscular hypertrophy, or other biomechanical improvements that may occur given a longer timeframe. In
the study conducted by Fukuda et al.31 the participants also received the lowest number of total treatments (12) while the other two studies who received
significantly more treatment sessions (24 and 30,
respectively).30,31,34 This suggests that the dosage of
training is a major factor in the design and implementation of multi-joint protocols.
Comparing the results of the studies with the established MCID values for the LEFS and AKPS may
indicate possible clinical relevance for self-reported
function during both short- and long-term periods
despite the lack of statistical significance. The established MCID for the LEFS has been reported by a
change of 12 points.39 The three studies that used the
LEFS as an outcome of self-reported function demonstrated results that were greater than the established MCID across all time frames.30-32 Also, the
MCID for the AKPS has been reported as an average
of 10 points.40 Both studies that included the AKPS
as an outcome measure of self-reported function
exceeded the MCID for the multi-joint group, while
the single joint did not, thereby exhibiting clinically
significant improvements in the multi-joint group.
Similar to self-reported function, the meta-analysis
found moderate to large effect sizes and statistically
significant outcomes in functional performance but
for the short-term period and not the long-term.
Several different functional performance tests were
used across the studies, including the triple hop, single hop, step down, and single leg squat tests. One
possible explanation for the variety of results found
among these tests is the variance in the nature of
the tests used. The single and triple hop tests are
dynamic activities that rely on muscle power,
whereas the step down and single leg squat tests are
static activities that rely more on muscle endurance.

No statistically significant difference was found in
the one study31 observing the single hop test over a
period of only four weeks. This same test measure,
however, was found to produce statistically significant differences in another study32 over a 12-week
period. The triple hop test was found to produce statistically significant differences favoring the multijoint intervention over the single joint intervention
for the triple hop test, but over a period of eight
weeks.30 As stated previously, it is very possible that
the longer intervention periods allow for increased
muscular strength compared to the shorter periods,
producing better statistical results for the multi-joint
group in comparison to the single joint group. The
single study34 that investigated the use of the step
down and single leg squat test found statistically significant differences favoring the multi-joint group
over the single joint group. These results were found
over a six-week period, which is a relatively shorter
time frame; however, the activities measured are
more static activities, as opposed to more dynamic
activities like the single hop and triple hop tests
(Figures 2D and 3D). It is likely that static stability
will develop before dynamic stability during training, and that the dynamic activities may be more
difficult for a sedentary, untrained population, like
the participants in these studies, who likely have
less experience with activities requiring significant
power. Another possible explanation is that some of
the exercises performed in the training protocols are
similar to the step down and single leg squat tests,
which could give the participants an advantage over
time. These factors, in addition to smaller sample
sizes within each of these studies may have caused
the variance in the results for functional performance. It should also be noted that the functional
performance measures do not necessarily correlate
with return to higher level activities such as sport.
Rather, these tests display an ability to dynamically
control the knee joint and surrounding musculature,
which may correlate with normal activities of daily
living such as ascending and descending stairs.
Two major limitations of the studies analyzed in
this meta-analysis exist. First, the included studies had relatively low sample sizes ranging from
n=31 to n=64. Second, differences among intervention protocols (i.e. duration, follow-up period, and
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frequency of exercise) may be another factor. The
results of this meta-analysis suggest that duration
and dosage of exercise are major factors because
the participants who received at least six weeks of
treatment showed greater improvements than those
who only received four weeks of treatment. This is
an extremely important consideration for clinicians
and future researchers as they design their exercise protocols for females with PFPS because even
though the subjects’ scores still improved following
the shorter intervention periods, greater improvements were displayed in the groups that had longer treatment periods and more treatment sessions.
Consideration must also be given to the fact that
some participants in the included studies received
up to 30 treatment sessions, which may be more visits than typically allowed by most insurance plans.
Clinicians need to consider this when applying the
results of this review to clinical practice, and prescribe a strong home exercise program based on the
design of the included studies in this review combined with adequate patient education, which may
allow patients to achieve the desired results despite
a limited number of visits.
A potential limitation of this review is the exclusion
of non-English language studies. The exclusion of
studies that did not have separate data available for
males and females is another potential limitation.
These studies observed the effects on both genders
and did not present data to analyze the differences
between genders. These were excluded because
they did not address the research question, however,
this could have left out potentially useful information and data. One final limitation of this particular
study is that along with the relatively small sample
sizes of each individual study, this review itself only
included five studies, which limited the total number of participants to be included in the aggregate
calculations and comparisons. Undoubtedly, had
more studies been included the recommendations
to be made could have been stronger.
Based on the findings of this systematic review and
meta-analysis, the use of a multi-joint protocol can
be supported for the reduction of pain in females
with PFPS. However, there are still inconsistencies
in the findings for improvement in function within
this population. Therefore, more research needs to

be conducted with larger sample sizes and more
consistent exercise dosage, which could provide
more definitive findings that would support a stronger recommendation for the use of a multi-joint
exercise protocol in improving function in females
with PFPS. Future research should continue to focus
on gender-specific data and further investigate both
short- and long-term outcomes of multi-joint exercise programs for females with PFPS. Increasing the
study sample sizes, greater uniformity of duration
and dosage of exercise protocols, and standardizing universal outcome measures to assess pain and
function could help reduce variability in data reporting in future studies.
CONCLUSIONS
Previously conducted systematic reviews and metaanalyses have concluded that there is not enough
strong statistical evidence to support the use of a
multi-joint exercise approach compared to a single
joint approach when including both male and female
participants.5,12,13 However, this systematic review
and meta-analysis found statistically significant
outcomes and strong effect sizes in favor of using
a multi-joint protocol in comparison to single joint
protocol for all areas analyzed, except short-term
self-reported function and long-term functional performance, for reducing pain and improving function
in females with PFPS.
The included studies were similar in terms of the
population measured, which allows these findings
to be generalized to many different clinical settings.
These findings allow for a strong recommendation
to be made for the use of a multi-joint protocol for
the reduction of pain in females with PFPS; however,
more research needs to be completed for a strong
recommendation to be made for the improvement
of function in this population.
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EXERCISE THERAPY IN THE NON-OPERATIVE
TREATMENT OF FULL-THICKNESS ROTATOR CUFF
TEARS: A SYSTEMATIC REVIEW
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ABSTRACT
Background: Although commonly prescribed, the evidence to support exercises therapy (ET) and conservative management for the treatment of full-thickness rotator cuff tears (FTT) is equivocal.
Purpose: The purpose of this systematic review of the literature was to determine the current level of
evidence available for ET in the treatment of FTT and to provide a formal Grading of Recommendations
Assessment, Development and Evaluation (GRADE) Working Group of recommendation.
Methods: Five databases were systematically searched to evaluate the effectiveness of ET for FTT. Inclusion criteria: experimental or observational studies of adults clinically diagnosed with FTT, or massive, or
inoperable tears that contained a treatment group that received ET for FTT. Exclusion criteria included:
history of surgical repair, concurrent significant trauma, neurological impairment, and level V studies.
Articles were assessed for quality, the level of evidence (I – V) and GRADE of recommendation (A to F)
was determined. Data extraction included: demographics, specific interventions, and outcomes.
Results: One thousand, five-hundred and sixty-nine unique citations were identified, 35 studies were
included: nine randomized controlled studies, six cohort studies, 15 case series and five case reports. There
were 2010 shoulders in 1913 subjects with an average age of 64.2 years, 54% males, 73% of tears were >1
cm and 37% were classified as massive. Based on studies that reported, >58% of tears were >1 year and
73% were atraumatic. Of the non-operatively treated cohorts that reported the respective outcomes: 78%
improved in pain (9/10 cohorts that reported statistically significant differences [stat-sig] p<0.05), 81%
improved in ROM (14/14 cohorts that reported, met stat-sig), 85% improved in strength (7/8 cohorts that
reported, met stat-sig), 84% improved in functional outcomes (17/17 cohorts that reported, met stat-sig).
Dissatisfied outcomes occurred in 15% of patients, who then transitioned to surgery.
Conclusion: The current literature indicates GRADE B recommendation (moderate strength) to support the
use of ET in the management of FTT. There is further need for well-designed randomized controlled trials.
Level of Evidence: 2a
Key Words: Exercise therapy, full-thickness rotator cuff tear, non-operative management
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INTRODUCTION
Rotator cuff tears (RCT) result in disability, poor
quality of life, expensive utilization of healthcare
resources1 and have been shown to affect 20-28%
individuals between the ages of 60-69,2,3 31-40.7% in
patients over the age of 70,2 51-62% in individuals
over 80 years of age,4 with an increase of 2.69 odds
of a RC tear for every decade of life (p = 0.005).5
Aggregate mean prevalence rates are estimated
at 39% of asymptomatic individuals and 64% of
symptomatic individuals,6 with the expectation that
50% of asymptomatic tears will become symptomatic at a mean of 2.8 years after the time of initial
discovery.7,8 Though partial thickness rotator cuff
tears (PTT) are more common than full-thickness
rotator cuff tears (FTT),9,10 PTT tend to progress to
FTT, developing pathological changes due to muscle retraction, fatty infiltration, and muscle atrophy
and thus, are associated with greater disability.6,8,11-14
These facts are consistent with the prevalence of
FTT in symptomatic patients progressing with age,
with 28% of patients ≥60 years old, 50% of patients
≥70 years old, and 80% of ≥80 years old.5,7,9,15 Other
potential predisposing factors besides age,2,4,5,7,11,16
include both non-modifiable factors (gender,17 hand
dominance,18-20 pathology of the contralateral shoulder,21-23 family history,24 glenohumeral instability,25,26
coracoid and/or acromion anatomy25) and modifiable factors (smoking,27-29 posture,6,30,31 and poor or
insufficient diet25,32-35).
Given the high prevalence, the substantial financial burden on both patients and society,9,36-40 and
the associated disability associated with FTTs,41
determining effective management is of high priority for researchers and healthcare providers. Several reviews42-46 have compared the effectiveness of
operative treatment to non-operative management,
with some literature supporting surgical options47-50
and others demonstrating comparable outcomes
between the two options.32,40,51,52 Similar ambiguity is
seen with the surprising fact that of the 25 to 90% of
surgical repairs that fail,40,53-61 the reported satisfaction levels and clinical outcomes scores are comparable to individuals with intact repairs.9,40 Given the
discrepancies in finding between non-operative and
operative management, as well as the unpredictable surgical re-tear rates, perhaps it is no surprise

only 5% of the 5.7 million (as of 2010) patients over
the age of 60 in the U.S. with RCTs in the U.S. were
treated surgically.40 It is encouraging that exercise
and physical therapy have been shown to be viable
and alternative treatment option,9,32,40,45 especially
in incidences where rotator cuff (RC) tendons have
retracted beyond the glenoid rim,32,58,59 are massive
in size (≥ 5 mm)62, and/or surgery is contraindicated
due to comorbidities. However, researchers have had
difficulty drawing strong conclusions as to the true
comparative effectiveness of non-operative management of FTTs due to low-quality studies.32,42,43 This,
in addition to the heterogeneity of conservative exercise programs, has made it difficult to synthesize
and establish robust evidence-based rehabilitation
programs. The limitations of this recent publication
by Edwards et al9 was: (1) the fact that it was Level
5 evidence due to the lack of a systematic search to
establish the protocol and (2) the proposed protocol
was not specific to FTT.
Described conservative treatment of RCT are multimodal, ranging from exercise therapy, modalities (cryotherapy, thermal therapy, electrotherapy, acupuncture,
ultrasound, and electrotherapy), taping, injection therapy, pharmacological management.9,32,42,63 However, as
there is no consensus or gold standard exercise program of FTT, clinicians and researchers are left to use
other shoulder pathology rehab programs40,63 or expert
opinion9 to guide the clinical practice and clinical trials for the treatment of FTT. Though there have been
a number of reviews on non-operative RCTs interventions in the last 15 years,32,43-46,64 these are either not
specific to FTT,43 exercise therapy,44 or have focused on
comparing surgical vs. non-surgical treatment rather
than identifying and synthesizing the specific components of an optimal conservative management.45,64
The most recently published systematic review45 only
identified three randomized control trials citations,
which demonstrates the paucity of high-quality studies. This, in turn, makes it acceptable to conduct a systematic review including observational studies.65 The
last systematic review32 to conduct a search of both
randomized controlled trials and observational studies, specific to exercise therapy of FTT is over 10 years
old and needs to be updated due to time elapsed,66 new
evidence becoming available,67 and based on need or
priority.68
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The primary purpose of this systematic review is
to: (1) update a prior review32 by synthesizing the
available research on the effectiveness of exercise
therapy for FTT, (2) use the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) Working Group criteria69 to evaluate the
current level evidence of exercise therapy (with and
without the addition of supplemental non-operative
modalities and treatments) to provide a grade of
recommendation.
METHODS
The PRISMA guidelines were employed in this systematic literature review.70 A formal research question was developed as is recommended by PRISMA
guidelines:71
• Population: skeletally mature human adults
(greater than 18 years of age).
• Intervention: exercise rehabilitation (in isolation or combination with other non-operative
interventions).
• Comparison: control, sham treatment, placebo,
education, or other non-operative interventions
• Outcome: change in pain, strength, range of
motion, and function of the shoulder.
• Time: not specified
Information sources and search parameters
The following databases have been searched until
December 2016: Embase, Medline (PubMed), CINHAL Database, Cochrane Database of Systematic
Reviews, PEDro, and Web of Science. Keywords
used in the aforementioned review, Ainsworth et al
200732, as well as those derived from the research
question were used. A medical school research
librarian was consulted on formulated initial search
for Medline (PubMed), as well as for translating the
search to other databases utilizing the respective
thesaurus for indexing articles and free entries. The
search strategies for each of the respective databases
can be found in Appendix A.
Study selection
Prior to conducting the search, inclusion and exclusion criteria for articles were defined. The inclusion

and exclusion criteria were kept consistent with the
original review,32 as is standard practice in updating
systematic reviews.68 Identified studies were filtered
by the following inclusion criteria: randomized clinical trials or observational studies, skeletally mature
human adults with a clinical diagnosis of FTT, or
massive, or inoperable RCTs. Additionally, it was
required that studies explicitly state that at least
one treatment group received exercise therapy, in
isolation or in conjunction with other non-operative
treatment, for FTT. The only criteria that differed
from the original study32 were that only full-texts
available in the English language were included
due lack of translation resources42 and that included
studies also needed to report one of the following
outcomes: pain, ROM, strength, and/or functional
outcome scores.
Though not ‘included’, prior systematic reviews pertinent to these inclusion criteria were identified,
the quality assessment made, and conclusions comparisons made to those of the current review. This
decision was made in order to capture the complete
spectrum of conservative treatment FTT literature
and to allow comparison of prior conclusions and
synthesized data of such reviews.
Identified studies were also filtered by the following exclusion criteria: surgical repair at any previous time point, concurrent significant trauma or
derangement to the shoulder (i.e. prior surgery,
acromioclavicular joint separation, Hill-Sachs lesion
of any kind, etc.), neurological diagnosis or impairment affecting the patients’ shoulder function (i.e.
stroke, brachial plexus injury, spinal cord injury,
etc.), inability to access full text article (i.e. exhausting all efforts and resources of medical school librarians and contacting the respective corresponding
authors by email, social media, and/or phone), level
5 evidence such as, clinical commentaries, editorials, and grey literature.
All identified citations were filtered independently
by two of the authors (M.J. and S.H.) based upon
the title, then the title and abstract, and finally, by
full text via the above inclusion and exclusion criteria. Any disagreements (n = 0) were resolved by
consensus. The consensus was achieved on all publications included in the review without the need
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to resolved disagreements by a third independent
reviewer (G.L.). Study design was determined by
the ‘traditional’ classification method as described
by Furlan et al.72
Assessment of trial quality:
The quality of any identified systematic review
was assessed using the Assessment of Methodological Quality of Systematic Reviews (AMSTAR)
guidelines,73,74 as this has previously been demonstrated to be a valid and rigorous assessment
of orthopedic literature.75 Prior to conducting our
search, the methodological quality of any randomized control trial identified would be according to
the Cochrane Collaboration’s domain-based evaluation framework.76 The use of this assessment tool
differs from the PEDro scale77 described in methods
of the review32 being updated. However, much more
recent and higher quality systematic reviews45,64
within the rotator cuff tear literature have used the
Cochrane Collaboration’s domain-based evaluation
framework,76 and thus, for consistency this quality
assessment tool was chosen. The included observational studies would be assessed using the guidance
from the NHS Centre for Reviews and Dissemination tool.78 As more recent reviews within the shoulder have not considered observational studies this
quality assessment tool was kept consistent with the
original publication.
One reviewer (M.J.) assessed the methodological quality of included studies, and a second reviewer (S.H.)
verified the data for accuracy and completeness.
Reviewers resolved discrepancies by consensus, and
thus, an independent third party was not required.
Level of evidence:
The Level of Evidence of all included references was
determined using criteria described by the Oxford
Center of Evidence-Based Medicine (OCEBM),

Oxford, United Kingdom (Table 1). Originally developed in 1998 and since modified in 2011, the OCEBM
Levels of Evidence enables the appraisal on a scale
from I to V based on study design, randomization,
blinding, and the amount of bias, with a designation
of I, being the highest level of evidence.79
The overall Grade of Recommendation for exercise
therapy (with or without other non-operative treatment) treating FTT as a whole, based off of the aggregate level of evidence, was determined using The
Grading of Recommendations Assessment, Development, and Evaluation (GRADE) Working Group.
Initiated in 2000 The GRADE Working group has
developed a hierarchal, alphabetical letter scale of
A to F (Table 2) which takes into account the quality
of evidence and strength of recommendations to aid
in applying research to clinical decisions and judgments in healthcare.69
The Investigators justified using the OCEBM Levels
of Evidence and The GRADE Working Group criteria to determine the quality of evidence as both
scales are endorsed by the American Physical Therapy Association (APTA) for grading Clinical Practice
Guidelines.80
Data extraction:
The methods and results sections of the included
studies were to be reviewed and data regarding the
study demographics, methodology were extracted
and placed in table form. Individual outcomes for
pain, range of motion, strength, and function were
cataloged. Justification for extracting these specific
outcomes is based on (1) remaining consistent with
the original review32 and (2) these outcomes are
synonymous with a comprehensive review considering exercise therapy in RC impingement.63 The
effectiveness of these outcomes was assessed over
time (intra-group evaluation) and when appropriate,

Table 1. Level of evidence modiﬁed from the Oxford Center of Evidence Based Medicine (OCEBM)96
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Table 2. Grading of Recommendations Assessment, Development and Evaluation (GRADE) Working Group Criteria86

across groups (between-group evaluation). When
available, statistically significant differences (within
and across cohorts) in pre- and post- outcomes
were recorded. Clinical significance (when statistical significance was p < 0.05 and the intra-group
or between group difference was ≥20%)63 was also
reported when feasible to determine. The rationale to incorporate both statistical and clinical significance was (1) clinical significance is likely to be
more valuable to practicing clinicians and (2) this is
consistent with the methodology of the fore mentioned RC impingement review,63 which also set out
to develop an evidence-based protocol from those
results. Additionally, if no statistical significance was
calculated or reported for the outcome of ‘function’
(includes shoulder specific disability outcomes) than
the currently accepted minimally clinically important difference (MCID) (if previously established)
of the outcome measure in question was used to
determine the significance of the post-intervention
change in the respective cohorts.
Synonymous with the methods of the data extraction, one reviewer (M.J.) extracted the methodology,
the results, demographics, outcomes, and statistics
of included studies, and a second reviewer (S.H.)
verified the data for accuracy and completeness.
Heterogeneity of included studies:
Due to inclusion criteria of accepting randomized
and non-randomized clinical trials, calculation of
heterogeneity across studies was deemed inappropriate on the basis of methodological heterogeneity
and thus, a meta-analysis was not performed.

Statistical analysis:
All numerical data was calculated by inputting the
extracted data into Microsoft Excel (2016) spreadsheets and using the appropriate mathematical
functions (i.e. ‘SUM’, ‘PERCENTILE’, etc.) to calculate the respective numerical values and results.
RESULTS
Study selection:
An aggregate total of 1570 citations was identified
from the search after duplicates were removed (Figure 1). Based upon the number of identified studies,
the search strategy was sufficiently comprehensive,
returning more than our times the number results
of previous reviews that investigated similar questions.32,45 After title and abstract screening 111 articles
remained. Of the 72 articles excluded by full text, 48
were eliminated due to not meeting the inclusion criteria and 24 of them were eliminated due to meeting
the exclusion criteria. Only one study81 was excluded
due to not being able to find a full text version after
exhausting all available resources (online databases
previously mentioned, researchgate.com, Stanford University medical libraries and their network
resources, attempting to contact the corresponding
author). A total of 39 studies were included: five case
reports,82-86 16 case series,1,87-101 six cohort studies
(two retrospective102,103 and four prospective),40,104-106
and nine randomized control trials.47-49,52,107-111 Additionally, three relevant systematic reviews32,42,45 were
identified. Details of included studies and patient
demographics can be seen in Table 3.
It is important to note, there were two instances,
Moosmayer et al 201047 and 201448 and with Kukkonen
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Figure 1. Flow diagram based on the recommendations of the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) Statement.

et al 201451 and 2015,52 in which consecutive, but separate studies (an original study and a long-term followup study) were published on the same patient cohort.
To avoid the results of these studies having excessive
weight during this investigation, the data extraction,
and statistical analysis used the most current publication of these cohorts (Moosmayer et al 201448 and
Kukkonen et al 201552). This justification has been
used in previous RC intervention reviews.45,112

to conservative management of RCT, as well as the
means by which Sieda et al64 separated (compared)
the surgical and non-operative results provided sufficient criteria to include the review in this investigation. Ryosa et al,45 the most recent review, was
specific to randomized control trials.48,49,52 All three
which have been included in this review as well.
Further details regarding the scope of these systematic reviews are summarized in Appendix B.

There were three systematic reviews after the filtering that exclusively included a cohort of studies that met the inclusion and exclusion criteria of
this review. The earliest of these publications, Ainsworth et al (2007),32 is the systematic review that
is being updated by this current investigation. Sieda
et al64 included both surgically and conservatively
treated RCT. However, the included studies specific

The primary purpose for including pertinent systematic reviews was to: (1) provide a comprehensive view of the literature for other researchers and
clinicians and (2) compare the comprehensiveness,
methodology, and findings of this review to that of
current systematic review literature on this topic.
The results and conclusions of the reviews are summarized in Appendix C. The comparison of the
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Table 3. Patient Demographics
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Table 3. Patient Demographics (continued)

results and conclusions of these reviews to the current investigation is elaborated on in the discussion
section of this manuscript.
Patient demographics:
The aggregate number of shoulders was n = 2010,
in 1913 subjects. There was an even distribution
between males (53.8%, n = 1042) and females (46.2%,
n = 896). Discrepancy (n = 25) in the total subjects

and the sum of the number of men and women is due
to 22 patients’ gender not being recorded in Kuhn et
al (2013)40 and Kukkonen et al (2015)52 not reporting
the gender for 4 of 13 subjects who were lost to followup. Additionally, Moosmayer et al (2017)95 included
13 of 49 subjects from other included cohorts47,48 but
the gender of these 13 subjects was not specified and
thus, were unable to be adjusted for when calculating
the aggregate total of males and females.
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Of the total number of shoulders included in this
current investigation (n = 2010), 1643 (82%) were
treated non-operatively, 85 (4%) were controls or
received no intervention, 256 (13%) shoulders were
originally designated to a surgical cohort group, 292
(15%) were unsatisfied with non-operative treatment and went on to have surgery. Subject numbers
were further broken down into a number of shoulders per study design. Randomized control trials
accounted for 562 (28%) shoulders, cohort studies
included 692 (34%) shoulders, case series included
751 (37%) shoulders, and case reports included 5
shoulders (<1%). Ages of the cohorts ranged from
23 to 80 years of age, the mean age for all included
subject was 64.1 years old. (Table 3)

used as the authors identified the specific tendon(s)
involved and stratified the stages of fatty infiltrate
via the Goutallier classification.113 (Table 3).

Diagnosis & Involved Muscles
All but three studies89,97,110 stated the specific advanced
imaging (ultrasonography: nine studies, magnetic
resonance imaging (MRI): 26 studies, arthrogram:
seven studies, and/or arthroscopy: one study) that
was used to confirm the diagnosis of FTT. Regarding the three studies in which the specific imaging
study was not stated, Wirth et al97 and Ainsworth
et al (2009)110 confirmed diagnosis by “radiographically documented full thickness tears” and in the
third study, Collin et al,89 it is assumed that MRI was

Tear size was reported in 1155 (57%) shoulders.
Though there are multiple RCT classification systems,115,116 the one proposed by DeOrio and Cofield117
was most commonly reported in the included
studies. Thus, this system was used to stratify the
different sizes of tears reported. A graphical representation of these results can be seen in Figure 2.

The tendon(s) or number of tendons involved were
reported in 1311 (65%) shoulders. Of those reported
on, supraspinatus (848 shoulders, 65%) and infraspinatus (184 shoulders, 14%) were the most common
tendons involved. This is consistent with prior reports
of the junction between these two tendons (16 and 15
mm posterior to the long head of the biceps tendon)
being the most prevalent location of tear initiation.114
Subscapularis tendon involvement occurred in only
44 (3%) shoulders and teres minor was reported in
3 (<1%) shoulders. (Table 3). Multiple tendons were
involved in 232 shoulders (18% of those reported on).

Mechanism and Duration of Symptoms
The mechanism of injury was classified into four
groups: traumatic, atraumatic, “insufficient trauma”,

Figure 2. A graphical representation of the distribution of the rotator cuff tear sizes for the shoulders described in the included studies.
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or not reported. The mechanism of injury was
reported in 1462 (73%) shoulders with atraumatic
onset being the predominant mechanism of injury,
occurring in 1192 (82%) shoulders. (Table 3)
The duration of shoulder symptoms prior to investigation ranged from one day to 5.5 years and was
reported in 1133 (56%) shoulders. Given the variability in which the duration of symptoms was reported
(i.e. “not-acute”, “chronic”, “greater than or equal to
3 mo.), this data was synthesized into <3 months,
3-6 months, 6-12 months, or >12 months. (Table 3)
Study quality assessment:
Observational studies
The evaluation of the quality of the included 27
observational studies (Table 4) revealed concerns in
the methodology. Only one study106 met all criteria,
however, the primary purpose of the study was identifying predictive baseline factors for failed conservative treatment and thus, no follow-up disability or
impairment measurements were taken. All studies
included relevant subjects, established ‘appropriate

inclusion criteria’, and accounted for subjects lost to
follow-up. Though, all but two case reports84,86 used
‘appropriate disability outcomes’ and 22 (65%) studies had an ‘appropriate impairment outcome.’ Only
12 (31%) observational studies explicitly stated that
it was a prospective investigation, while 20 (74%)
studies had an ‘adequate follow’ of ≥ one year. The
criterion that was most often missed was the statement of a ‘blinded assessment.’ Only three studies,95,105,106 stated the blinded follow-up assessments
were performed. The suspected reason for the lack
of blinding was due to the high prevalence of case
series. As there is most often only one cohort in
these study designs, it may have seemed of lower
importance for authors to blind the assessor.
Randomized control trials
When considering the potential bias in the included
randomized control trials, it was determined that all
8 revealed an aggregate ‘low’ risk of bias based on the
seven criteria assessed by the Cochrane Collaboration’s
domain-based evaluation framework.76 However, all of
the randomized control trials did demonstrate a ‘high’

Table 4. Observation study methodology - methodological quality criteria for assessment of observational studies95
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risk of bias due to lack of blinding of participants, personnel, and outcome assessments. (Table 5).
Systematic reviews
The AMSTAR guidelines demonstrated sufficient
rigor to identify flaws in the methodology of the
identified systematic reviews. Though none of the
three reviews met all criteria both Sieda et al64 and
Ryosa et al45 demonstrated ‘Good’ methodology,
meeting 10 and 9 out of the 11 methodology criteria,
respectively. Ainsworth et al (2007)32 methodology
was rated as ‘Fair’ as it met only 5 of the 11 methodology criteria. (Table 6)
Outcomes
Individual outcomes of pain, range of motion,
strength, and function were extracted from each of
the studies. Each outcome is discussed below. The
data extraction for the each of the outcomes can be
found in Appendices D - G. Graphical representation
of the outcomes are also provided in Figure 3 and
Figure 4.
Pain
Pain was reported in 26 (79%) of the studies with an
average follow-up time of 2.7 years (32.5 months).

Over half of the studies (n = 16, 59%) measured
pain through disability or impairment outcome measures, while the remaining 11 (41%) studies used a
specific pain tool; either the visual analog scale (VAS)
or the numerical rating pain scale (NRPS). Tanaka et
al96 was the only study with a cross-sectional design,
and thus, a change in pain outcome could not be
determined. Pain outcomes improved in the remaining 26 (96%) studies with non-operative treatment.
Statistical significance for within group change was
reported in eight (29% of the 26) studies, all of which
were statistically significantly different (p<0.05;
95% CI) and clinically significant (improvement by
≥20%). The pain reported outcomes for all studies
can be found in Appendix D.
When comparing across cohorts, two studies103,111
compared physical therapy with and without the
addition of corticosteroid injection. Both studies
favored physical therapy plus corticosteroid injection
with a statistically significant difference (p<0.05).
However, only in the short term (1 to 3 months)
was this difference determined to be clinically significant (p<0.001).111 Additionally, there were four
studies that compared non-operative treatment to
surgical cohorts, and though all of these reported

Table 5. Randomized control trial – Risk of bias93

Table 6. Assessment of methodological quality of systematic reviews (AMSTAR) guidelines90,91
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Figure 3. A graphical representation and data table of the pain, range of motion (ROM), strength and function for the conservatively
treated shoulders in the included studies. The shoulders from the different study designs are represented by the different color shades
as noted in the legend.

Figure 4. A graphical representation and data table of the pain, range of motion (ROM), strength and function for the conservatively
treated shoulders in the included studies. The statistical and clinical signiﬁcant differences are noted by the different color shades in
the legend. Clinical signiﬁcance, statistical signiﬁcance (P<0.05) and improves by >20%; MCID, minimal clinical importance difference, Stat-Sig, statistical signiﬁcance (P<0.05); *, MCID was only used for functional outcome measures when no statistical signiﬁcance was reported and when an accepted MCID had previously been established within the literature.
The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 346

improvements in both groups, three of them demonstrated statistically significant improvements in
pain (p<0.05; 95% CI) in the surgical groups.48,49,52
None of these met clinical significance. The remaining study reported no statistical difference between
the pain in the non-operative cohort and the operative cohort.96
There were nine cohorts (133 shoulders) in which
pain did not improve enough for a ‘satisfactory’
result.1,48,91,92,95,96,103,111 Four of the cohorts converted
to surgery.1,48,96,103 In another cohort,111 ‘physical therapy’ was the control and number of shoulder injections was the independent variable. Factors that
differentiated the remaining ‘unsatisfied’ cohorts
was ‘sleep loss due to night pain’ (p = 0.01 when
compared to the ‘satisfied’ cohort in this study)91 and
tear size progressing > 20 mm from initial measurement (p<0.004).95
In summary, pain outcomes were reported for 40
non-operatively treated cohorts that included 923
shoulders. Of these, 31 (78%) cohorts, consisted of
790 (86%) shoulders that reported improvements
in pain versus nine (22%) of cohorts consisting of
133 (14%) shoulders that did not improve or not
to a ‘satisfactory’ level. Statistical significance was
calculated in 10 (25%) cohorts consisting of 264
(29%) shoulders, all but one of these demonstrated
both statistically (p<0.05) and clinically significant
improvements.
Range of motion
Range of motion (ROM) was reported in 28 (85%)
studies as shown in Appendix E. The average followup for these reported outcomes was 2.4 years (29.2
months). A motion specific tool was used in 19 (68%)
of these studies, while the remaining studies captured the ROM through disability and impairment
outcomes. In the studies that specified the direction
of motion, the most common ROM movements that
were recorded were abduction (16 studies, 57%),
flexion (15 studies; 54%), and external rotation (13
studies; 46%). Internal rotation (7 studies; 25%) and
extension (one study; 4%) were much less common.
All of the studies that reported ROM demonstrated improvement in ROM post intervention in
at least one cohort that received exercise therapy

and conservative management. Of the nine studies1,92,94,98,100,101,103-105,109,111 that reported statistically
significant within group change all nine demonstrated significant differences (p<0.05; 95% CI) in
at least one direction and in eight1,94,100,101,103-105,109 of
these cohorts the improvement increased by ≥20%
meeting clinical significance. There were only three
select studies whose subjects’ ROM did not improve.
Itoi et al92 identified a subset of patients who did
not have ‘satisfied’ outcomes following conservative
treatment and found that predictive factors were
poor abduction ROM (108.0° vs 149.0°; p<0.05) and
abduction weakness (3/5 on manual muscle testing
(MMT)). Merolla et al1 developed a predictive score
of 17 baseline variables and used a cutoff score of
≥13 out of 21 to identify patients who were likely to
be ‘unsatisfied’ and opt for surgery within one year.
The third cohort111 who did not demonstrate improvement was a control group who did not receive a corticosteroid injection in addition to physical therapy.
Statistically significant intragroup (pre and post
rehab ET intervention) abduction ROM differences
were demonstrated in nine studies (p<0.05) and in
seven (83%)1,94,101,103-105,109 of these studies the cohorts
achieved clinically significant improvements. Likewise, significant intragroup flexion ROM differences
were demonstrated in five studies (p<0.05) with
statistically significant differences in four (80%)
studies1,100,101,104 and clinically significant differences
in three (60%).1,100,104 Intragroup external rotation
differences were reported in five studies and in
three (60%) of these101,109,111 the improvements were
both statistically (p<0.05) and clinically different.
Though it is likely of interest and benefit to clinicians and future researchers to identify which movements are most likely to significantly improve (both
statistically and clinically) it should be noted that
comparison across different planes of motion cannot be directly compared to one another from the
above results due to the uneven distribution of different ROMs being reported.
Nine studies statistically examined intergroup differences. Three studies48,52,96 compared nonoperative cohorts to surgically treated cohorts, none of
which found statistically significant difference
between groups. Two studies compared conservative
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management with and without corticosteroid injections. One111 of these studies found no difference at
six months, while the other study103 demonstrated
no difference in the outcome but that the cohort
that had received physical therapy plus corticosteroid injection took less time (5.3 months) to reach
maximum abduction ROM (p<0.05). The conclusions that can be drawn from other intergroup comparisons is that supervised occupation therapy (OT)
and home exercise program demonstrates no difference in abduction, flexion, or external rotation ROM
outcomes107 and that flexion and abduction ROM
outcomes do not differ between cohorts whose tear
progresses of tears by ≥20 mm or ≤20 mm.95
In summary, ROM outcomes were reported for 44
non-operatively treated cohorts that included 1369
shoulders. Of these, 36 (82%) cohorts, consisting of
1140 (83%) shoulders that reported improvements
in ROM versus eight (19%) of cohorts consisting of
229 (17%) shoulders that did not improve or not to a
‘satisfactory’ level. Intra-group statistical differences
were calculated in 14 (33%) cohorts, consisting of
272 (27%) shoulders, all of which demonstrated statistically significant differences in ROM (p<0.05).
Improvements in ROM were also clinically significant in 10 (23%) cohorts, 264 (19%) shoulders.
Strength
Strength was reported as an outcome in 21 (64%)
studies with an average follow-up time of three
years (35.5 months). See Appendix F for summarized
strength outcomes and the specific tools and equipment used for measurement.
All studies that reported strength outcomes demonstrated improvement in at least one cohort that
was treated with non-operative management. However, statistical comparisons for intragroup strength
improvements was only reported in seven (33%)
studies. Of these, six (75%) studies92,94,100,101,105,109
demonstrated statistically significant improvement
(p<0.05) and four (57%) studies the intragroup difference was also clinically significant.94,101,105,109
It is important to discuss the four instances in which
a cohort’s strength improvements were not statistically improved. In one study104 it was suspected that
the lack of statistically significant change was due

to too short of a follow-up time (nine weeks). It has
been previously established that strength gains continue to progress well beyond the nine-week point
of initiating resistance training.118 A second study109
that focused on the effects supplementing physical
therapy with corticosteroid injections demonstrated
both statistically and clinically significant strength
gains at four weeks, but not at 24 weeks post-intervention, as there was a mild decline in each cohorts
strength gains. This may speak to both, the transient
effects that corticosteroid injections provide, as well
as the necessity of a ‘maintenance’ program with
rehab to ensure that strength gains are retained for
the long term. Moreover, a case series by Hawkins et
al91 demonstrated a subgroup of patients with ‘unsatisfied’ results that opted for surgery. Strength was
measured in pounds using Constant-Murley score.
Subjects in this subgroup reported average ConstantMurley strength score of 17.1 (equivalent to 15-18 lbs
of abduction strength) as compared to the aggregate
average Constant-Murley score of 23.2 (equivalent
to 22-24 lbs of abduction strength). The difference
between the groups was statistically (p = 0.008) and
clinically significantly different. Similarly, Itio et
al92 had a subgroup of subjects with an ‘unsatisfactory’ outcome (this is the same subgroup that was
discussed previously in pain outcomes) who also
failed meet statistically significant improvement in
strength outcomes. This subgroup was retrospectively identified once outcomes were calculated to
determine differences at baseline between the ‘satisfied’ and ‘unsatisfied’ cohorts. The variables that
differentiated the ‘unsatisfied’ subgroup at baseline were poor abduction ROM (108.0° vs 149.0°;
p<0.05) and abduction weakness (3/5 on manual
muscle testing (MMT)). At post intervention followup (average of 3.4 years) only 63% of the ‘unsatisfied’ cohort had abduction strength that was ≥4/5 on
MMT as compared to 87% of the ‘satisfied’ cohort.
The intergroup difference was statistically (p<0.05)
and clinically significant.
When considering intergroup differences, seven
studies reported statistically significant differences
across cohorts. Hawkins et al91 and Itio et al92 both
compared subgroups with ‘unsatisfied’ outcomes
with that of a ‘satisfied’ cohort and, not surprisingly,
found statistical (p= 0.008 and p<0.05, respectively)
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and clinically significant differences favoring the
‘satisfied’ cohorts. Two studies compared the outcomes of non-operative treated cohorts to surgically
treated cohorts. No difference was found at one year
(p = 0.89),48 but statistically significant differences
were found at two52 and five years.48 Neither of these
differences were clinically significant. One study107
found no significant difference in any strength measurement in cohorts who received supervised occupational therapy versus a home program. Strength
gains also proved to be statistically (p< 0.004) and
clinically significant between a cohort who had tears
that progressed by ≥20 mm over 8.8 years compared
to subjects whose tears progressed <20 mm.95 The
seventh article that compared across groups used the
subjects’ contralateral shoulder as the control (did
not receive any rehabilitation) and demonstrated a
significant difference in post-intervention strength
measures.104 However, a major flaw with this comparison was that the control limbs were only measured at time zero and thus, if a change in strength
of the control limbs occurred post intervention it
was not captured.
In summary, strength outcomes were reported for
28 non-operatively treated cohorts that included 598
shoulders. Of these, 23 (82%) cohorts, consisted of
514 (86%) shoulders that reported improvements
in strength versus five (18%) cohorts consisting of
84 (14%) shoulders that did not improve or not to a
‘satisfactory’ level. Statistical differences were calculated in eight (29%) cohorts. Of these, seven cohorts
consisting of 181 (30%) shoulders demonstrated statistically significant improvements (p<0.05), while
five (19%) cohorts, 133 (22%) shoulders, also made
clinically significant gains for strength.
Function
Functional outcomes were reported in 33 (97%)
studies with an average follow-up of 2.3 years (27.3
months). Thirty-one (97%) studies captured the function with a shoulder specific outcome measure, while
one case report84 determined function by the patient’s
ability return to recreational swimming unrestricted.
See Appendix G for details of the specific functional
outcome measures used and the data extracted.
All 33 (100%) studies that reported on function demonstrated improvement in function with non-operative

therapy. All 15 (45%) studies1,40,89,90,92,94,98,100-105,109,111
that reported intragroup differences (p< 0.050.0001) for shoulder specific outcomes demonstrated
statistically significant differences and 11 (73%) of
these studies1,40,90,92,94,98,100,101,103-105,109 demonstrated
≥20% improvement indicating clinically significant
change.
Ten (30%) studies47,89,91,100,102,104,105,110,111 reported intergroup differences. Three studies91,95,106 denoted statistically (p=0.038) and clinically significant differences
between two conservatively managed cohorts, one
with ‘satisfied’ results and another cohort. Hawkins
et al91 demonstrated that poor response in ConstantMurley score following conservative therapy differentiated ‘satisfied’ (+7.1 points from baseline) from
‘unsatisfied’ (-1.1 points from baseline) at 3.8 years
follow-up (p=0.038). Similarly, Moosmayer et al
(2017)95 showed that by dichotomizing subjects by
tear progression ≥20 mm or <20 mm over 8.8 years,
that subjects with the <20 mm progression had better Constant-Murley scores (<20 mm progression:
81.0 vs >20 mm progression: 58.5; p=0.008), higher
functioning ASES scores (<20 mm progression: 90.0
vs >20 mm progression: 60.0; P=0.02), but not significantly different SF-36 scores (p>0.05). Boorman
et al,106 on the other hand, sought to identify baseline predictive factors for subjects likely to ‘fail’ conservative therapy and opt for surgery. The authors
found that baseline scores out of 100 (‘successful’
rehab cohort: 49 ±21 vs. ‘failed’ rehab cohort: 33
±15; p=0.017) on the Rotator Cuff Quality of Life
Index (RC-QOL,as first described by Hollinshead et
al119) was predictive for opting for surgery.
Three additional studies104,107,111 compared the intergroup difference between conservatively managed
cohorts. Gialanella et al111 showed that there was no
statistically significant difference (p>0.05) in Constant-Murley scores at three, six, or 12 months’ postintervention between cohorts who received single or
multiple shoulder injections plus physical therapy as
compared to a cohort who only received physical therapy. Krischak et al107 compared a cohort who received
‘standard OT’ to a home exercise cohort and found
that there was no difference in Constant-Murley score
(p=0.824) or EQ-5DL (p=0.656) at two-month followup, but that there were statistically (p<0.05) and clinically significant differences in the overall change in
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EQ-5DL health status subs-core, favoring the ‘standard
OT’ cohort (+17.8 points vs home exercises group:
+3.2). The final study, Baumer et al104 demonstrated
that despite a statistically (p<0.01) and clinically significant change in the Western Ontario Rotator Cuff
(WORC) score after nine months the intervention
group score (70.3 ±26) was significantly (p<0.01) different than the baseline score of the healthy control
group (98.2 ±2.8). However, a limitation was that the
healthy control group was only measured at baseline
and thus, making the assumption that there was no
change in the healthy control score.
48,49,52,102

Lastly, there were four studies
that compared
non-operative treatment to surgical RC repair. All of
them used the Constant-Murley score as one of the
region-specific outcomes. There was no statistically
significant difference in total Constant-Murley score
at 12 months (p>0.05),49,52 24 months (p>0.05),52 or
four years (p=0.61).102 One study48 did show a difference in the Constant-Murley score (p<0.01) and
American Shoulder and Elbow Surgeons Shoulder
Score (ASES) (p<0.001) after five years, favoring surgical treatment. However, these authors48 also showed
that there was no significant difference in SF-36
scores (p=0.38) between the conservative and surgical groups or in the Constant-Murley score (p=0.02)
between the cohort who opted for the initial repair at
time zero and the cohort who attempted conservative
therapy and then transitioned to surgical repair. This
suggests that non-operative exercise therapy can be
considered as first line treatment for 12 weeks without detriment to clinical outcomes. This is further
corroborated by one study108 that found no statistically significant difference (p=0.28) in patient satisfaction rates between conservative and surgically
managed cohorts. Outcomes that did favor surgical
repair cohorts were the Constant-Murley activity of
daily living (ADL) subscore (p<0.0001) at 12 and 24
months post-intervention108and the Disability visual
analog scale (VAS) (p=0.002) at 12 months.49
In summary, functional outcomes were reported for
45 non-operatively treated cohorts that included 1610
shoulders. Of these, 38 (84%) cohorts, consisting of
1366 (85%) shoulders that reported improvements
in function versus seven (16%) cohorts consisting of
217 (15%) shoulders that did not improve or not to a
‘satisfactory’ level. When statistical differences were

not calculated or reported, and when an accepted
value was available for the respective outcome, the
MCID was used to 11 (25%) cohorts consisting of
267 (17%) shoulders, of which eight (18%) cohorts
including 142 (53%) shoulders met or surpassed
MCID. Statistical differences were examined in 17
(38%) cohorts consisting of 749 (47%) shoulders all of
which improved statistically (p<0.05) and 13 (29%)
cohorts, 650 (87%) shoulders, who also achieved clinically significant improvements for function.
Components of programs
The components of the exercise and rehabilitation
programs had considerable variation across the studies. However, consistent components of the programs included strengthening (97% of studies), ROM
(79% of studies), stretching/flexibility (61% of studies), activity modification/education (57%), home
exercise routine (explicitly stated in 32% of studies), manual therapy (18% of studies), heat or cold
modalities (21% of studies), and postural interventions (24% of studies). Additional medical interventions that were used to supplement exercise therapy
including medications (explicitly stated in 35% of
studies) and/or corticosteroid injections (39% of
studies) were also considered. Other components of
the conservative management programs included
scapula-thoracic specific interventions and reintegration into patient-specific activities. Phased progressions were specifically stated and described in 35%
of studies and 57% of randomized control trials. (See
Appendix H for details of the rehab programs for
each included study. Refer to Figure 5 for a graphical
representation of the prevalence of the most common rehab program components.)
Scope of prior systematic reviews
Two of the three prior systematic reviews identified
by these search results were specific to non-operative rotator cuff tears. Ainsworth et al 200732 patient
population nearly synonymous with the subjects
and shoulders identified in this study, as this was the
study that was being updated by this current review.
The current review excluded two non-English studies120,121 that were included within Ainsworth et al
200732 that were excluded from the current review
due to inability to accurately translate these texts.
However, the current review included an additional
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Figure 5. A graphical representation of prevalence of the different rehabilitation program components in the included studies. The
different colors represent the different types of study designs as described in the legend below the graph.

23 studies published after 2007. Ryosa et al45 studies were all included in this study, but the inclusion
criteria were specific to randomized control trials
and the purpose of the study was to compare nonoperative therapy to surgical repair. Similarly, Sieda
et al64 had a similar purpose as Ryosa et al45 with the
exception of including controlled and uncontrolled
studies, as well as investigating not only comparing nonoperative to operative RC repair, but also the
effectiveness of different types of repairs.

managed shoulders included in the current review).
The other two reviews, Ainsworth et al (2007)32 and
Ryosa et al45, included 10 studies (with 272 subjects)
and three studies (with 252 subjects), respectively.
Summaries of these reviews are provided in Appendix B and Appendix C. A graphical representation
of the number of studies focusing on non-operative
treatment for each review can be seen in Figure 6.
While included non-operatively treated shoulders
included in each review can be seen in Figure 7.

The number of studies included in the identified
reviews varied from 345 to 13764 with the number of
total subjects ranging from 25245 to 8,515.64 Though
Sieda et al64 was the most comprehensive, including
137 studies and 8,515 subjects, of these only three
controlled and seven uncontrolled studies were isolated to non-operative treatment and five studies
compared non-operative management to surgical
management. These 15 studies combined accounted
for 178 non-operatively managed shoulders from
controlled studies and 327 non-operatively treated
shoulders from uncontrolled studies. A total of
505 subjects (37.5% the number of conservatively

Conclusions of prior systematic reviews
All three prior systematic reviews demonstrated difficulty drawing conclusions regarding the effectiveness of non-operatively managed FTT stating that
there is either “some” or “limited” and “inconclusive”
evidence to support non-operative or exercise therapy alone or in comparison to that of surgical interventions. However, the most recent of these reviews
was able to make an explicit recommendation that
“a conservative approach is advocated as the initial
treatment modality” in FTT.45 (See Appendix C for a
summary of the conclusions of prior reviews).
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Figure 6. The graph summarizes the number of non-operative shoulder treatment studies in each of the prior reviews and the current
review. *, the review being updated; †, 137 total included articles but only 15 of these were speciﬁc to non-operative interventions.

Figure 7. The graph summarizes the aggregate number of non-operative treated shoulders included in each of the prior reviews
and the current review. *, the review being updated; †, 137 total included articles but only 15 of these were speciﬁc to non-operative
interventions.

GRADE of Recommendations
According to the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
Working Group criteria69 exercise therapy, with and

without supplementary physical therapy and nonsurgical medical interventions, demonstrates Grade
B – Moderate strength of recommendation. This is
based on the multiple randomized control trials and
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the supplementary level III, level IV, and case report
studies with consistent findings that demonstrate
that non-operative interventions have on pain, ROM,
strength, and function in FTT.
DISCUSSION
This systematic review identified both randomized
control trials (nine studies47-49,52,107-111) and observation
studies (four prospective cohort studies,40,104-106 two
retrospective cohort studies,102,103 16 case series,1,87-101
and five case reports82-86) that, on the whole, demonstrate the consistent finding that exercise therapy
is an effective treatment for the reduction of pain,
improvement of ROM, strength, and most dramatically, function. Due to the lack of blinding, the highest level of randomized control trials included were
level II studies. This, in combination with a predominant number of level III and IV studies reinforcing
the findings of the randomized controls, provided the
Grade B – Moderate strength for recommendation for
using exercise therapy in the treatment of FTT.
One of the primary goals of this systematic review
was to update the last systematic review by Ainsworth et al32 that included both randomized control
trials and observational studies, specific to exercise
therapy of FTT which is over 10 years old. According to previously established criteria for updating
systematic reviews,67,68 it was apparent from those
findings that an update was indicated by the amount
of new evidence that has become available since
its publication and with the profoundly increasing
prevalence of RCT’s in the setting of an aging population. As is convention, the inclusion and exclusion
criteria, search strategy, and the analysis of quality
assessment were all kept constant from the original
review. No historic date restrictions were set on the
search strategy for the current study as means to
ensure that no studies were previously overlooked
in the original search. Thus, the 10 observational
studies84,85,87,88,90-92,97,98,103 included in the original
review were also included in the current study. One
study, a randomized trial by Shibata et al,109 that
was published prior to Ainsworth et al (2007)32 was
included in this review, as it met all pre-established
criteria, but was not included in the original review.
Despite an overlap in included studies, the results
of the current review, were considerably different

from those presented by Ainsworth et al (2007)32
in the total number of studies identified, the level
of evidence identified, and the ability to provide a
decisive GRADE of recommendation. This speaks to
not only to the expansion of the amount of research
being published on the conservative management
of RCT but also to the overall improvement in the
methodology of the more recent literature. This is
further demonstrated by the improvement in quality
of more recent studies. The average quality assessment score of observational studies since 2007 is 6.4
out of possible 8, compared an average score of 5.3
in the studies included in the initial review.
The second purpose of this review was to establish
the effectiveness of the exercise therapy with and
without additional physical therapy or medical management interventions. The primary outcomes that
were looked at to determine this was pain, ROM,
strength, and functional outcome measures. These
metrics were chosen (1) because they were consistently reported across a large percentage of the
included studies and (2) these have previously been
established in similar reviews of shoulder rehabilitation.63 A significant percentage of conservatively
treated shoulders demonstrated improvement in
each of the outcomes. Of the non-operatively treated
shoulders for which it was reported: pain was reduced
in 86% of shoulders, ROM improved in 83% of shoulders, strength improved in 89% of shoulders, and
functional reported outcomes improved in 85% of
non-operatively treated shoulders. (Figures 3 and 4)
However, it is important to note that in several of
these studies there was a cohort of patients who were
unsatisfied with conservative treatment and opted
for surgical intervention.1,40,48,49,103,106,108 This, in combination with the knowledge that performing a repair
secondary to a trial of conservative therapy does not
statistically change the patients’ outcomes, suggest
that non-operative conservative therapy as a first
line intervention for FTT should be considered.40,47,48
This is consistent with the conclusion a recent systematic review and meta-analysis by Ryosa et al,45
that directly compared non-operative treatment to
surgery for FTT. Moreover, if individuals do not opt
for surgical management within 12 weeks, they are
unlikely to do so within the following two years.40,106
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The average follow-up time frame for all of the outcomes ranged from 2.3 to 3.0 years. This is considered
an adequate follow-up time period for RC literature as
the longest follow-up for any randomized control trial
included was five years. However, compared to the
length of time that FTT can be symptomatic (conceivably decades, depending on a person’s age of onset),
two to three years is a relatively short time frame.
When considering long-term management of RC
pathology, it is also important to acknowledge the
risk of tear progression and fatty infiltration that can
occur in the presence of FTT. Though a couple of
studies found similar progression rates, with 23-52%
experiencing >5 mm tear size over two to three years
with ‘non-operative’ treatment,122-124 fatty infiltrate
and tear progression has not been shown to be significantly different between intact RC repairs, retorn
rotator cuff repairs, and individuals who received
non-operative treatment.49,108 This is also in contrast to PTT, in which only ~10% will progress >5
mm within the same time frame. It is also promising that a small percentage (8-18%) of FTT can show
a radiological decrease in size with non-operative
treatment.95,122 The proposed mechanism of how the
healing occurs is referred to as ‘mechanotherapy’, in
which cells respond to mechanical stimuli and resulting in a cellular response to promote tendon healing.9,125 Though serial imaging, either by ultrasound
or MRI, can be used to monitor tear progression and
fatty infiltration, tear progression can also be monitored through progression in pain intensity, as this
has been correlated with tear size progression.9,95,122
Moosmayer et al (2017)95 noted that not all tear progressions have clinical implications and that ‘satisfied’ and ‘unsatisfied’ non-operative treated cohorts
can be dichotomized by tears that progress by <20
mm and those that progress ≥20 mm, respectfully.
Another factor that can influence the decision
for surgery vs non-operative management is the
patient’s respective demographic. The characteristics of the subjects included in this in this review,
with an average age of 64 years and the majority
of FTT being atraumatic and chronic degenerative
tears, are consistent with the patient population and
tear characteristics documented in the literature.126
The patient demographic, older age, degenerative
tissue, and chronicity of tears have all been shown

to negatively influence the success rates of surgically repaired FTT,127-130 providing further evidence
for the consideration for initial non-operative, exercise therapy in this patient population. The consensus is that primary surgical repair is the more active
and younger patient populations.126,129-132
Decisions for FTT management can be made by,
not only by stratifying a patient’s prognosis of surgical intervention but also by stratifying their prognosis to respond to non-operative treatment. Some
variables that have been considered in identifying
patients who are more likely to respond to surgical interventions include: age, activity level, history of trauma, severity of fatty atrophy, severity of
pre-operative symptoms, and location or size of the
tear.58,64,95,131,133-137 Individuals less likely to respond
to non-operative treatment have lower baseline
abduction ROM, abduction strength, younger age,
lower BMI, lower RC-QoL, and lower WORC index
(p>0.05).92,106,131 One included study1 proposed a
‘Predictive Score’ that considered 17 baselines variables and a cut off of score 13 out of 21 (higher
scores indicative of ‘unsatisfied’ outcomes with nonoperative treatment and opting for surgical treatment within one year) to determine which patients
are most likely to respond to conservative therapy.
Some variables in the literature have been shown to
be inconsistent predictive factors of surgical or nonoperative treatment include the extent of rotator cuff
damage or degeneration on imaging studies.46,138,139
This aligns with the peculiar phenomenon RC
injury being found in a large number of asymptomatic patients.139 Though several authors have been
unable to fully explain the discrepancy between
symptoms, functional limitations, and extent of RC
pathology,3,19,40,106 a proposed hypothesis is that once
a tear progresses to involve the posterior cuff musculature, there is an imbalance between the forces of
the infraspinatus and the subscapularis, leading to a
disruption of normal shoulder kinematics, GHJ stability, and loss of fulcrum for concentric rotation of
the humeral head leading to a higher propensity of
dysfunction and thus, disability and symptoms.9,140
Patient Demographics
The patient demographics of the subjects and
shoulders within this review were consistent with
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the epidemiology of the RCTs. It is known that the
incidence and prevalence of RCTs begin to increase
in the sixth to seventh decade of life, which is consistent with the mean age of 64.2 years of age seen
in the included subjects of this review.2,3 In regards
to gender, there was nearly an even split between
males (54%) and women (46%). Though epidemiology studies have found gender not to be a significant
risk factor for RCT,18,19 there are large review reviews
of RCT that demonstrate a slightly higher incidence
in males than females.141
Considerations of the specific tendons of the RC
involve is also important. It has been well documented that the supraspinatus tendon is the most
commonly torn RC tendon.58,142-145 Proposed rationale for the supraspinatus being predisposed to
injury, compared to the other RC tendons are said
to be both intrinsic (age, genetics, comorbidities,
vascularity of the tendon, anatomical shape of the
acromion, etc.) and extrinsic (bursal and articular
sided strain, frequency of shoulder use, and prior
injury).146-149 A ‘degeneration microtrauma’ mechanism and cascade has been proposed by previous
authors in which insufficient healing times between
microtraumas to the tendon in combination with
increased demand on remaining fibers, and inflammatory mediators and oxidative stress induces
tenocyte apoptosis.9,150-153 This is synonymous with
the ‘continuum model of tendon pathology’ which
describes how the elevation of inflammatory cytokines in response to the cyclic loading of tenocytes
can lead to ‘an alteration in tendon synthesis and
degeneration’ and eventually a ‘reactive-on-degenerative tendinopathy’.154 These mechanisms are consistent with the supraspinatus tendon having been
shown to have reduced healing capacity due to a control tendon, because of the increased degree of tenocyte apoptosis and the reduced production of type I
collagen.153 Moreover, there have been additional invivo and cadaver studies that suggest there is a ‘critical zone’ within the supraspinatus tendon which
can increase with age, impingement, and larger RC
tears.112,155 Second to supraspinatus is the prevalence
of infraspinatus tearing. This is not surprising given
that the tendons of these muscles blend upon their
insertion,156,157 that the most common location for
tearing is at the junction of the two tendons,114 and

that injury of the supraspinatus increases the strain
and demand of the infraspinatus.149 These findings
are consistent with the supraspinatus and infraspinatus having the highest prevalence in the included
shoulders of this review.
However, as several of the included studies either
did not report the specific tendon involved or listed
the FTT as “massive”, there is a high risk of the prevalence of subscapularis and teres minor involvement being under reported. Recent studies have
reported subscapularis involvement in RC tears as
high as 31.5%, but only 6% in shoulders in which
surgical repair was indicated.158 This is twice that of
the 3% prevalence reported in this study. Similarly,
teres minor tears have suggested to be rare in isolation159 and tend to be involved in “extensive FTT.”160
Despite 37% of tears being massive and/or involving >1 tendon, teres minor involvement was only
reported in three (<1%) of shoulders. One potential
explanation for this, as mentioned above, is the most
common location of FTT is at the junction of infraspinatus and supraspinatus and that teres minor is
commonly preserved in the presence of massive FTT
with degenerative RC changes and atrophy because
the increased physical demand on the muscle can
lead to hypertrophy of teres minor, especially in posterior-superior tears.160-162 This information is critical
to acknowledge when devising a rehabilitation program that will be successful and strategically overcoming the ROM, strength, and functional deficits
that exist in the presence of FTTs.
Included RCTs in this review were predominantly
chronic and atraumatic in nature of onset. This is
also consistent with the literature, As the literature
suggests that traumatic and, therefore, more often
acute RCTs are more likely to be considered for surgical management,45,163 the distributions of symptom
duration and atraumatic onset should be viewed
with caution. This is due to the risk of bias in the
inclusion and selection criteria of the included studies being more likely to attract subjects who were
not considered for a primary RC repair.
Comparison to Prior Reviews
There were three prior systematic reviews identified that had a similar scope, patient population,
interventions, outcomes, and search strategies to
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the current review.32,45,64 A summary of the scope
of these reviews is summarized in Appendix B and
Appendix C.
It is apparent that an update of Ainsworth et al
(2007)32 was warranted as another 25 pertinent publications regarding non-operative management of
FTT have been added to the literature since 2007.
Though Sieda et al64 and Ryosa et al45 are more recent,
neither study was specific to non-operative management of FTT, as is apparent by the discrepancy in the
number of included studies and the aggregate number of subjects. To the knowledge of the authors, the
current review has three times the number of relevant studies and close to four times the number of
shoulders compared to any prior review specific to
the non-operative treatment of FTT. (Figures 6 and
7) However, the authors of the current review were
unable to perform a meta-analysis which has been
conducted by prior reviews,45,64 thus, the level of current evidence was summarized using a GRADE of
Recommendation. This provided a distinct conclusion, in comparison to the language used in the conclusions prior reviews (i.e. ‘some evidence exists’,32
‘inconclusive’,64 or ‘limited evidence’45).

performed for asymptomatic RCTs, and provided a
limited recommendation on RCT repair as an option
for patients with chronic, symptomatic FTT. Ironically this described demographic fits the majority
of the 2,010 shoulders included in this review, demonstrating that given the aforementioned results, it
would appear that conservative, non-operative treatment should be considered a viable alternative to surgical intervention.9 With the known risk of muscle
wasting, fatty infiltration, further decline in disability and the potential for continual tear progression
natural history progression, pharmacological management, activity modification, professional advice,
and/or strategic neglect is not the best option for
this patient demographic; exercise therapy through
mechanotherapy mechanisms.9,125

It is also important to note the quality of the identified
reviews. Based on The AMSTAR guidelines73,74 Sieda
et al64 and Ryosa et al45 both demonstrated ‘Good’
quality, 10/11 and 9/11, respectively. Ainsworth et
al (2007)32 on the other hand only demonstrated
‘Fair’ quality, 5/11. The quality of methodology
assessment of the current review was determined
to be ‘Good’ (9/11) as determined by the AMSTAR
guidelines (Table 6).

Components of Exercise Therapy
Rehabilitation of Full-Thickness Tears
The common aspects in the programs of the included
studies were identified as: (1) range of motion, (2)
flexibility/stretching, (3) strength/resistance exercise, (4) modalities, (5) supplementary pharmaceutical interventions including injections or oral
medications, (6) postural and scapulothoracic exercises, and (7) education regarding the pathophysiology of the condition, the how exercise can help and
goals of conservative management. Other aspects
to consider are including a home exercise program,
the specific parameters of the program (frequency,
intensity, volume, duration), and whether or not to
‘phase’ the program. The prevalence of each of these
interventions in the included articles is provided in
Figure 5.

A separate, but seminal, review and position statement that needs be discussed in light of the current
findings is the American Academy of Orthopedic
Surgeons (AAOS) 2012 Clinical Practice guidelines
for “Optimizing the Management of Rotator Cuff
Problems” states that there was ‘inconclusive evidence’ to provide a recommendation for exercise as
a treatment for RCT.164 It is clear from the current
results that since 2012 there is sufficient evidence to
not only support the use of exercise therapy in the
treatment of FTT but that this is effective in managing pain, improving range of motion, strength, and
overall function. Simultaneously, the AAOS 2012
practice guidelines stated that surgery should not be

Despite the predictable and consistent deficits that
need to be addressed in the rehabilitation of the
patient with a RCT, there is considerable heterogeneity in the components and exercise prescription of the included rehabilitation programs. This
variability amongst the intervention programs is a
confounding variable and thus, may influence differences in outcomes. This has previously been identified as a source of performance bias in a systematic
review in the related pathology of shoulder impingement syndrome.63 The argument for a ‘standardized
accepted, evidence-based rehabilitation protocol’
is: (1) clinicians will ‘know that patients are receiving the best available rehabilitation program’, (2) a
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‘standard rehabilitation protocol’ reduces confounding variables and performance bias, (3) it will allow
for pooling and comparison of data across studies
and different cohorts; (4) such a protocol can also
serve as a control, allowing for the study and protocol modifications. It is apparent that the necessity of a synthesized protocol exists. However, it
is important to note that a synthesized protocol is
designed to serve as a guide for the rehabilitation
process and not intended to supersede clinical judgment and decision making that is necessary to meet
the unique needs of individual patients. Phased progression of any rehab protocol should be based not
only on expected tissue healing timelines but also
on clinical presentation and functional capabilities
of each individual patient.

Limitations
There were limitations in the current review that are
important to note. First, there is ambiguity in the literature between RCT and subacromial impingement syndrome (SIS). A number of articles that were excluded
from this review discussed the effectiveness of exercise specific to SIS. However, patients with Stage III
SIS are described as having key finding of a mechanical disruption of the rotator cuff tendon in the form
of either partial or complete cuff tears defined as by
Neer et al165 and Khan et al.166 However, certain studies
failed to determine and/or state the stage of SIS of the
respective subjects, these citations were excluded due
to the extent, or lack thereof, of mechanical damage to
the rotator cuff muscle(s) of the subjects described in
these studies would not have definitively fit the inclusion criteria of this review (FTT).
Similarly, there is considerable heterogeneity in the
classification systems used to describe RCTs.115,116
The discrepancies in classification systems used
by included studies made it difficult at times to
determine the full extent of tendons described. For
instance, if it was stated that ‘<50% of the supraspinatus tendon was involved’ this very well could
be describing a partial thickness tear in the superior
to inferior direction or it could be interpreted as a
FTT in the superior to inferior direction that only
involved <50% of the tendon in the anterior to posterior direction. Though The International Society
of Arthroscopy, Knee Surgery & Orthopedic Sports

Medicine (ISAKOS) published a positional statement defining a synthesized classification system
in 2013,116 all of the studies prior to this date (and
some after) were using different classifications and
thus, providing a risk of miss interpreting the full
extent of the rotator cuff pathology. Note, in such
cases when a study met all other inclusion criteria
and there was ambiguity in the extent of the tear, the
corresponding authors were contacted for clarification. This occurred in only three studies.1,86,93
This review was only specific to studies published in
the English language. Sieda et al64 extended their search
to English, French, and German studies and were able
to identify four additional studies120,121,167,168 that otherwise would have been included in this review, but due
to the pre-determined English language inclusion criteria and the lack of accessible (and accurate) translation resources, these studies were not included. As
mentioned in the results section, there was another
outlying study81 due to all available resources being
exhausted and not being able to access a full text. Correspondence with the author(s) was attempted but no
return response was received.
Another critique of the inclusion and exclusion criteria is the inclusion of case reports, observational
studies, and randomized control trials. The lack of
randomization and heterogeneity of the studies prevented a pooled analysis. Furthermore, the inclusion of case reports was not necessary as they made
of <1% of the aggregate number of shoulders and
commonly provide the most clinical utility in ‘recognition patterns’ for rare clinical conditions and
reviews on certain topics related to the case.169 FTT
are far from a ‘rare’ clinical condition and the topics
(i.e. non-operative management) are certainly covered by other observational and randomized studies that were included. The rationale for including
both observational and experimental studies and for
inclusion criteria was due to the fact that the current
review was an update of a prior review.32 As such, it
is standard practice to keep inclusion and exclusion
criteria as constant.
A final critique, outside of the control of the author,
was the fact that there was a lack of reporting of
statistical analysis in a large portion of the studies regardless of the outcome in question. When
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possible the MCID was applied to the functional
outcome measure in an attempt to demonstrate a
meaningful change in the absence of statistical significance. The lack of reporting of statistically significant differences limits impact and interpretation
of the results. (Figure 4). Additionally, the lack of
level I and II experimental design studies prevented
assignment of a a GRADE A Recommendation for
the use of exercise therapy in the treatment of FTT.

4. Teunis T, Lubberts B, Reilly BT, Ring D. A systematic
review and pooled analysis of the prevalence of
rotator cuff disease with increasing age. J Shoulder
Elbow Surg. 2014;23(12):1913-1921.

Despite these limitations, this is currently the most
comprehensive search that has been conducted in
regards to conservative management of FTT. Furthermore, the results have been used to substantiate and provide suggestions to the recently proposed
‘Edwards Protocol’ which can be used to guide clinical practice and provide a starting point for future
high-quality randomized control trials.

7. Fehringer EV, Sun J, VanOeveren LS, Keller BK,
Matsen FA, 3rd. Full-thickness rotator cuff tear
prevalence and correlation with function and
co-morbidities in patients sixty-ﬁve years and older. J
Shoulder Elbow Surg. 2008;17(6):881-885.

CONCLUSION
The results of the current systematic review of the
current literature provided few high-quality randomized control trials and a predominant number of
observational studies, indicating GRADE B Recommendation (moderate strength) to support the use
of ET in the management of FTT. There is substantial evidence to support the use of exercise therapy
as first line management, especially in individuals
>60 years of age with chronic, degenerative FTT.
Future efforts should focus on coming to a consensus regarding exercises and interventions that are
most effective in the conservative treatment of individuals with full thickness rotator cuff tears.

9. Edwards P, Ebert J, Joss B, Bhabra G, Ackland T,
Wang A. Exercise rehabilitation in the non-operative
management of rotator cuff tears: A review of the
literature. Int J Sports Phys Ther. 2016;11(2):279-301.
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determined to be clinically significant
(p<0.001).111 Additionally, there were four
studies that compared non-operative treatment
to surgical cohorts, and though all of these
reported improvements in both groups, three
of them demonstrated statistically significant
improvements in pain (p<0.05; 95% CI) in the
surgical groups.48,49,52 None of these met clinical
significance. The remaining study reported no
statistical difference between
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THE EFFECT OF BRACING AND BALANCE TRAINING
ON ANKLE SPRAIN INCIDENCE AMONG ATHLETES:
A SYSTEMATIC REVIEW WITH META-ANALYSIS
Rachel Bellows, PT, DPT, OCS1
Christopher Kevin Wong, PT, PhD, OCS2

ABSTRACT
Background: Ankle sprains are common musculoskeletal injuries in the athletic population that have been addressed with
prevention strategies that include bracing and balance training. Many authors have examined ankle sprain incidence after
bracing or balance training in athletes at different levels of competition and in various sports. No systematic review has
analyzed the results of both interventions.
Purpose: The purpose of this review was to compare the effect of balance training and bracing in reducing the incidence
and relative risk of ankle sprains in competitive athletes, with or without prior injury, across different sports.
Design: Systematic review, with meta-analysis
Methods: A literature search of four databases was conducted for randomized control trials that reported ankle sprain incidence published from 2005 through 2016. Included articles studied high school, college, or professional level athletes with or
without a history of a prior sprain, who received bracing or balance training as an intervention compared to a non-intervention control group. Methodological study quality was assessed by two reviewers using the PEDro scale, with scores ≥5 considered moderate quality. Group incidence and relative risk were determined to assess the preventative effect of bracing or
balance training compared to control.
Results: From 1832 total citations, 71 full-text articles were reviewed, and eight articles were included in the study. Methodological quality of the available evidence contained in the systematic review was moderate. Five studied the effect of balance training, two studied the effect of bracing, and one studied the effect of bracing and balance training compared to the
control condition. In all eight studies, athletes in the control condition did not receive any intervention. Athletes who wore
braces had fewer ankle sprains (p=0.0037) and reduced their risk of sprains by 64% (RR=0.36) compared to controls, based
on analysis of 3,581 subjects. Athletes performing balance training had fewer ankle sprains (p=0.0057) and reduced their
risk by 46% (RR=0.54) compared to controls, based on analysis of 3,577 subjects.
Conclusion: The findings of the current systematic review and meta-analysis support the use of bracing and balance training to reduce the incidence and relative risk of ankle sprains in athletic populations. Clinicians can utilize this information
to educate their patients on wearing a brace or performing balance training exercises to decrease the risk of an ankle sprain.
Level of evidence: Level 1a
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INTRODUCTION
In the United States, approximately 23-25,000 ankles
sprains occur daily, resulting in two billion dollars of
health-care costs annually.1,2,3 Ankle sprains occur in
sports that require quick direction changes, cutting
movements, and rapid acceleration and deceleration4-7 and are one of the most common sport-related
injuries. Inversion sprains comprise 80% of all
cases.8 The National Electronic Injury Surveillance
System for all ankles sprains admitted into American emergency departments reported 41% of the
sprains originated from basketball, 9.3% from football and 7.9% from soccer. Higher level of activity
and increased competition of high school, college,
and professional team athletes increases an individual’s risk of injury. For example, college athletes are
seven times more likely to suffer an ankle sprain
than their intramural counterparts.3
More than half of high school athletes who sustain
an ankle sprain return to play in less than one week.9
A 2008 systematic review found mechanical stability
did not occur until at least 6-12 weeks following an
ankle sprain, and a substantial percentage of subjects
continued to have mechanical laxity and subjective
complaints of instability up to one year after injury.10
Diagnostic imaging studies have found an increase
in anterior talofibular ligament thickness of approximately 16% in those who have sustained a lateral
ankle sprains compared to an uninjured ankle.
Increased ligament thickness can be attributed to
scar tissue, which absorbs 60% less energy compared
to healthy tissue and may be a factor in the high incidence of recurrent ankle sprains and chronic instability symptoms.11,12 After an ankle sprain, 35-73%
report on-going symptoms of instability, decreased
function, pain, and/or swelling;10, 13-20 and the risk of
a subsequent sprain was 70% more likely.10 The risk
for reinjury or early development of osteoarthritis
and long-term disability after an ankle sprain makes
preventing ankle sprains a priority.21
The high incidence of ankle sprains in the athletic
population has motivated sports teams to implement prophylactic measures to decrease the risk
of ankle sprains. During the 1980s and 1990s, multiple researchers investigated the impact of semirigid ankle bracing, such as lace-up ankle stabilizing
orthoses (ASO), on injury prevention. Results from

one randomized control trial and two cohort studies
found that semi-rigid bracing significantly reduced
ankle sprain incidence in various athletic population.22-25 In 2001, a Cochrane Library systematic
review found limited evidence to support balance
training in reducing ankle sprains; though good evidence suggested bracing could reduce ankle sprain
incidence, especially for those with a prior sprain.7
Currently, few studies26,27 and no reviews have compared the impact of bracing versus balance training
on the incidence of ankle sprains in a competitive
athletic population. Most studies lack a control group,
investigate a single team or include a single sport,
leaving unclear what the most effective approach
is for reducing the incidence of ankle sprains in a
broader athletic population. Thus, the purpose of
this review was to compare the effect of balance
training and bracing in reducing the incidence and
relative risk of ankle sprains in competitive athletes,
with or without prior injury, across different sports.
METHODS
Literature search and selection
A search of the literature was conducted for English
language articles published from 2005-2016 using
the Cochrane Library, PubMed, Web of Science, and
PEDro databases. The following medical subject
headings (MeSH terms) and clinically relevant keywords were used individually and in Boolean combinations: “ankle,” “instability,” “sprain,” “chronic,”
“recurrent,” “prevention,” “athlete,” “proprioception,” and “bracing.” Articles were included in this
review if they met the inclusion criteria listed in
Table 1. Articles were excluded if the study did not
recruit athletes, had no control group, did not define
intervention groups, or lacked end of the season
or year follow-up. Citations were screened for relevance, full-text articles were reviewed for inclusion
by the first author, and included articles were then
reviewed by both authors to reach consensus for
inclusion and exclusion criteria. Bias was assessed
independently using the Pedro scale, a study quality
assessment measure for randomized control trials,
with disagreements resolved through discussion.
The authors operationally defined the following
terms for this review: Athletes were considered individuals participating on competitive sports teams
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Table 1. Inclusion Criteria

at the high school, college, or professional level. An
ankle sprain included an acute inversion/supination
(lateral ankle), eversion/pronation (medial ankle),
and/or dorsiflexion/eversion (high ankle/syndesmotic) event during sports participation causing
injury associated with pain, swelling, and difficulty
weight bearing that resulted in the athlete having
to cease sports activity in a game or practice. Balance training, sometimes referred to as proprioceptive training, included static or dynamic exercises
on one or two legs, on a variety of surfaces, with or
without perturbations, and with eyes open or closed.
Ankle bracing was considered any type of orthosis
applied specifically to the ankle joint; all types of
taping were not considered as bracing in this review.

Data Analysis
Incidence of ankle sprains in a season or year and
relative risk were utilized to assess the effect of balance training and bracing treatments in preventing
injury compared to no-treatment control. Data was
extracted by the first author and independently confirmed by the second author. Chi-Square was used to
analyze differences in incidence between athletes
receiving bracing or balance training compared to
no-treatment; relative risk, the risk ratio for ankle
sprains in the treatment groups compared to the control groups, was calculated and illustrated in a forest plot
(Figures 2 & 3).
Literature Synthesis and Methodological
Quality
Electronic database searches yielded 1,832 articles.
After citations were screened for relevance, a total of
71 full-text articles were reviewed for inclusion criteria. Sixty-three articles were excluded based on the
inclusion criteria, leaving eight articles for review
as presented in the PRISMA diagram (Figure 1). The
PEDro scale was utilized to assess the methodological quality of each study (Table 2) with scores ≥5
considered to be moderate methodological quality.28
Five studies compared balance training to a control
group, two studies compared bracing to a control
group, and one study compared balance training,
bracing (each separately) to controls (Table 3).26,29-35
RESULTS
Study Quality
Overall, the quality of the combined evidence was
moderate with all studies scoring ≥5 on the 10-point
PEDro scale.28 Scores ranged from 5 (three studies)29,30,33 to 8 (one study), 32 with four studies scoring
a 6 or a 7.26,31,34,35

Figure 1. PRISMA Diagram.

Description of Included Studies
The included studies reported results for a total of
7,195 athletes (36% female, 64% male) ranging in
levels of competition from high school to professional sports leagues. 26,29-35 The median age was
20 years. The proportion of females in the bracing group (42%) was less than in the balance training group (56%). For the six of eight studies that
defined specific sport participation, the proportions
of athletes participating in each sport were: 36%
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Figure 2. Effects of Balance Training on the Relative Risk of Ankle Sprains.

Figure 3. Effects of Bracing on the Relative Risk of Ankle Sprains.

basketball, 29% football, 16% volleyball, and 1%
soccer. One study reported that the athletes participated in either soccer or basketball without specific
numbers;29 another did not specify the sports that
the athletes participated in.32 The incidence of ankle
sprains during sport activity was reported, although
each study varied in the method of determining the
occurrence of an ankle sprain. In seven of eight studies, medical professionals (athletic trainers, physical
therapists and/or physicians) performed a physical
exam to determine if a sprain had occurred.26,29,31-35
In one study, athletes used self-reported ankle
sprain occurrences on forms that were assessed by
two physicians—blinded to the study—to decipher if
the subjective reports were consistent with an ankle
sprain diagnosis.33
Bracing Treatment
Two of the three studies found that groups receiving
bracing reported significantly lower incidence and
risk of ankle sprains during athletic activity.34-35 The

bracing group (n=20) in the Mohammadi study sustained fewer sprains than the control group (n=20),
though this did not reach a statistically significant
difference (Figure 2).26 The three braces utilized
in the studies were the McDavid Ultralight34 brace
(McDavid Inc, Woodridge, Illinoise), Don-Joy Ankle
Stabilizing35 brace (Don-Joy Inc, Vista, California),
and Sports Stirrup26 brace (Aircast Inc, Summit, New
Jersey), which are shown in Appendix B. From the
3,581 combined subjects from the bracing group and
control group, 432/1753 athletes sustained an ankle
sprain when wearing a brace, compared to 529/1828
athletes spraining their ankle not wearing a brace.
Overall, athletes wearing ankle braces had a significantly lower incidence of ankle sprains (p=0.0037)
and a 64% reduced risk of ankle sprains (RR=0.36)
compared to no-treatment control. (Table 3).
Balance Training Treatment
Five of the six studies found a significant decrease
in the incidence of ankle sprains for athletes
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Table 2. Methodological Quality Assessment, per Pedro Scale

performing balance training compared to no-treatment controls.26,29,30,32,33 Three studies found similar values of reduced ankle sprains, ranging from
35-38%. 29,32,33 Although each of the articles utilized
different balance exercises, progressions and time
frames in how long to perform the exercises, they
used similarly designed balance progressions to progressively challenge the visual, somatosensory, vestibular, and musculoskeletal systems. The exercises
were progressed by decreasing the base of support
from double to single limb stance, eyes open to eyes
closed conditions, changing the surface from stable
to unstable and adding perturbations, such as upper
extremity motions (Appendix A). Of the combined
3,577 subjects, 178/1867 athletes in the balance
training group sustained an ankle sprain compared
to 274/1710 in the control group. Athletes performing balance training exercises had a significantly
lower incidence of ankle sprains (p=0.0057) and a
46% reduced risk of an ankle sprain (RR=0.54) compared to no-treatment controls. (Table 3)
DISCUSSION
The results of this systematic review with metaanalysis indicate that athletes with or without a prior
sprain receiving either bracing or balance training
show reduced incidence and relative risk of ankle
sprains compared to no-treatment controls. The
results of this review demonstrated that bracing
reduced the risk of a sprain by 64%, consistent with

a previous systematic review that examined six randomized control trials and showed bracing reduced
ankle sprains by 69%.36 The one study that compared
bracing, balance training, and no-treatment was the
smallest study (n=80) reviewed and both bracing and
balance training reduced injury incidence compared
to controls, without significant difference between
bracing and balance training.26 The combined results
from the three relevant studies indicate that balance
training reduced risk of injury between 35-38% compared to no-treatment, which is consistent with an
earlier review that found a 36% risk reduction for
those athletes that participated in balance training.21
Two of the bracing studies also examined other
lower extremity injuries occurrences in the bracing and control groups. 34,35 Interestingly, although
ankle bracing decreased the risk of ankle injury
by 64% compared to not bracing, the decreased
risk for any lower extremity injury was only 25.5%
compared to no treatment, leaving open the possibility that bracing at the ankle can contribute to
other lower quarter injuries.34,35 Although not examined in this systematic review, the distant effects of
ankle bracing should be considered. McGuine et al34
found an increased rate of injury in lower extremity injuries by 85% in the basketball players that
braced compared to controls. Of these injuries, 51%
were acute muscle or tendon strains in the lower
leg (gastrocnemius, peroneals and Achilles), upper
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Table 3. Description of Included Studies

leg (quadriceps, hip flexor and hamstring) and hip/
pelvis (adductors, gluteals). Additionally, 17.9% of
the basketball players that braced at the ankle sustained an acute knee injury, in comparison to 8.8%
of basketball players who did not brace. The two
most common knee injuries were medial collateral

ligament and anterior cruciate ligament sprains or
tears.34 During peak dorsiflexion for a cutting task
similar to basketball, lace-up ASO and ankle hinge
braces increase peak internal rotation angle at the
knee by approximately two degrees. Additionally,
lace-up ASOs increase anterior knee forces during
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deceleration and increase knee compression forces
during the peak ankle dorsiflexion moment during a
cutting task.37 These increased knee forces may contribute to the higher incidence of knee injuries in
athletes that braced compared to the controls in the
two bracing studies.34,35 While bracing does reduce
the risk of ankle sprains, an unintended consequence may be other lower extremity injuries.
The studies reviewed for the current systematic review
used a variety of balance training exercises. Notable
was a general progression to challenge multiple combinations of the four systems that influence postural
control, including the musculoskeletal, visual, somatosensory, and vestibular systems. Conflicting (i.e. providing conflicting sensory input) one of the systems
challenges another system to work harder to achieve
upright balance. For example, the musculoskeletal
and visual systems are challenged through the use of
standing on an unstable surface with head turning,
which provides conflicting information between the
somatosensory and vestibular systems.38 It has been
found that training on an unstable surface decreases
the proprioceptive reflex, which indicates an increased
reliance on visual and/or vestibular information to
achieve balance.39 In the present review, the balance
training exercises were progressed to incorporate the
upper extremity and trunk movements in functional
activities that simulate sports specific tasks. By having
the athlete balance on an unstable surface, especially
with perturbations, the visual system is challenged to
compensate and the ankle is forced to respond in multiple planes and ranges.
Overall, both bracing and balance training demonstrated a significant effect on preventing ankle
sprains in athletes from multiple sports at the competitive high school, college, and professional levels.
The incidence of ankle sprains among athletes performing balance training was 10.6% while the incidence of sprains among athletes wearing braces was
more than double at 24.6%. However, the relative
risk for athletes wearing braces compared to controls was lower (RR=0.36) than the relative risk for
athletes after balance training compared to controls
(RR=0.54). Only the smallest study representing
1.1% of the pooled sample directly compared bracing to balance training, preventing any firm conclusions from being drawn with respect to which

intervention was most effective. In addition, different levels of competition may present athletes of
different levels of skill development, varied practice
times and exposure to injury; however, there were
insufficient data to compare the incidence rates per
exposure among the different levels. Finally, most
studies did not differentiate between athletes who
did or did not have prior ankle sprains, precluding
analysis between subgroups.
Limitations of this systematic review include heterogeneity of the included studies with respect to
different sample sizes, statistical reporting, specific
sport, competition levels, exercise protocols, and the
orthoses that were utilized. In addition, this type
of study poses challenges such as tracking subjects
from large samples over long periods of time, lack
of blinding and inconsistent compliance, and use of
self-reported injury—which may miss more minor
ankle sprains that did not result in reduced participation. Future research should investigate differences between subpopulations including athletes
with and without prior injury or who those compete
at different levels to add information regarding the
effect of these interventions.
CONCLUSIONS
The results of this systematic review and metaanalysis demonstrate moderate quality of evidence
for balance training or bracing to decrease the incidence and reduce the relative risk of ankle sprains
in competitive athletes. Although it remains unclear
whether bracing, balance training, or both combined
provide the most protective effect, the results of this
study may enhance clinical decision-making regarding the use of ankle braces and balance training to
prevent ankle sprains among the athletic prevention.
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ABSTRACT
Background: Limb symmetry after anterior cruciate ligament reconstruction may be evaluated using maximal strength and hop tests,
which are typically reported using Limb Symmetry Indices (LSIs) which may overestimate function.
Purpose: The purpose of this study was to compare the Back in Action (BIA) test battery to standard hop and muscle strength tests used
to determine readiness to return to sport (RTS).
Study Design: Prospective cohort.
Methods: Over two test sessions, 40 ACLR patients were assessed at a mean 11.3 months post-surgery. Initially, participants completed
the 6 m timed hop and the single, triple and triple crossover hops for distance, and isokinetic knee extensor and flexor strength assessment. The second session involved completion of the BIA battery, including stability tests, single and double leg countermovement jumps
(CMJ), and plyometric, speedy jump, and quick feet tests. Pass rates for test batteries were statistically compared, including the BIA, a
four-hop battery (≥90% LSI in every one of the four hop tests) and a combined 4-hop and strength battery (≥90% LSI in every one of the
four hop tests, as well as ≥90% for both peak knee extensor and flexor strength). LSI differences between the four standard hop tests and
the BIA single limb functional tests (the single limb CMJ and the speedy jump test) were evaluated.
Results: Significantly less participants passed the BIA battery (n=1, 2.5%), compared with the four-hop test battery (n=27, 67.5%)
(p<0.001) and the four-hop test and isokinetic strength battery (n=17, 42.5%) (p<0.001). Collectively, LSI’s for the standard hop tests
were significantly higher than the BIA functional single limb tests (difference = 12.9%, 95% CI: 11.1% to 14.6%, p<0.001).
Conclusion: The BIA test battery appears to include some single limb functional tests that are more physically challenging than standard
hop and isokinetic strength tests, highlighted by the significantly lower mean LSI’s during the single limb BIA tests and the lower pass rate
when employing the BIA protocol.
Level of Evidence: Level 4, case series.
Key words: Anterior cruciate ligament, return to sport, limb symmetry index, single limb hop test, isokinetic dynamometry.
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INTRODUCTION
Anterior cruciate ligament (ACL) tears are common,1
with the estimated rate of re-injury at 15%.2 In the
24 months following ACL reconstruction (ACLR)
patients are almost six times more likely to re-tear
compared to a healthy cohort,3 which remains
important given individuals are often informed they
can return to sport (RTS) well before 12 months.4
A patient’s readiness to RTS and/or re-injury risk
should they do so, may be influenced by a range
of pre-operative (age, pre-operative rehabilitation,
knee extension and neuromuscular control), intraoperative (ACLR graft choice) and post-operative
(rehabilitation and psychological factors) factors.5
One major reported reason is the patient’s inability
to regain sufficient muscle function and strength.6,7
Recent authors have highlighted the increased rate
of re-injury in patients who RTS without adequate
strength and functional symmetry, derived from
tests such as peak isokinetic knee strength evaluation
and single-legged hop performance.8,9
Single limb hop tests may be used to evaluate functional
symmetry prior to a RTS, often combined in the form
of a hop test battery.10 It has been recommended that
these functional hop assessments be complemented
along with measures of peak knee extensor and flexor
strength.6,11 The outcomes of hop tests are generally
reported via Limb Symmetry Indices (LSIs),7 which
present the physical status of the operated limb as a
percentage of the non-operated limb. Research has
revealed an increased re-injury risk if patients do not
meet strength and hop test LSIs of at least 90%,8,9
especially those returning to sports involving hard
pivoting, cutting, running, twisting and/or turning
maneuvers. However, recent research suggests that
LSIs frequently overestimate knee function,12 raising
concerns about whether reported LSI cut-offs (i.e.
90%) are high enough to pass these physical tests
and/or the tests employed are stringent enough to
adequately evaluate lower limb function before RTS.
Single limb hop tests have been criticized for not
sufficiently evaluating functional capacity in ACLR
patients,13 while maximal knee extensor and flexor
strength measures are not functional movements
reflective of a sporting situation. Therefore, various
test batteries have been developed in an attempt to
create a more comprehensive measure of strength,
function and readiness to RTS.8,9,14-16

Recently, a standardized test battery combining
various subtests (power, speed, agility, coordination,
unilateral cutting and side-to-side movements)
was developed, with the intention of determining
physical readiness to RTS.17,18 This seven-test battery
(‘Back in Action’ - BIA, CoRehab, Trento, Italy)
allows for LSIs to be calculated for the individual
single limb test components, but further permits
comparisons of every test with that of an age and
gender matched cohort. Therefore, this battery
may include single limb functional tests that may
be more physically demanding than standard single
limb hop tests. Furthermore, it may overcome some
of the existing limitations when employing LSIs to
report performance outcomes, such as the inability
to evaluate the potential de-conditioning of the
non-operated side after surgery (this issue may be
bypassed if the comparison is instead made to that of
an age and gender matched normative cohort, rather
than the non-operated limb).7 The BIA test battery
has not been compared to routinely employed
functional assessments undertaken for the same
purpose (determining readiness to RTS), including
tests of functional hop capacity and muscle strength.
The purpose of this study was to compare the BIA
test battery to standard hop and muscle strength
tests used to determine readiness to return to sport
(RTS). Firstly, it was hypothesized that significantly
less patients would pass the more comprehensive
BIA test battery, compared with a standard fourhop test battery (≥90% LSI on all hops), or a combined four-hop and strength test battery (≥90% LSI
on all hops, as well as peak isokinetic quadriceps
and hamstrings strength). Secondly, it was hypothesized that group mean LSIs would be significantly
higher across the four standard hop tests, compared
with the more physically demanding single limb
functional tests included in the BIA test battery (the
single limb CMJ and the speedy jump test).
METHODS
Subjects
A total of 40 participants (25 men, 15 women) were
evaluated at a mean of 11.3 months (range: 11-12) after
ACLR utilizing a hamstring autograft. Individuals
taking any analgesic or anti-inflammatory medications
were excluded from this study. Furthermore, any
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patient experiencing any persistent pain and/
or perceived disability with their operated knee,
contralateral knee and/or lower limbs in general, that
they felt could affect their ability to participate well
in the testing batteries, were excluded from study
participation. Patients were also excluded if they had
undergone any other ipsilateral or contralateral lower
limb surgery, prior to their ACLR. For this study, only
patients actively engaging in Level 1 (participation
4-7 days/week) or Level 2 (participation 1-3 days per
week) activities that included jumping, hard pivoting,
cutting, running, twisting and/or turning sports prior
to their injury were included, as reported via the
Noyes Activity Score (NAS).19 Patients who were not
planning to return to the aforementioned NAS levels
were further excluded.
The mean age of participants included in this study
was 23.8 years (range: 15-43) and body mass index
was 24.3 (range: 19.6-31.9). A total of 11 participants
underwent concomitant meniscectomy. While a
detailed review of each patient’s rehabilitation was
undertaken at the time of initial review, patients
recruited for this study had undertaken rehabilitation through different rehabilitation clinics and
under guidance from varied therapists and, therefore, they had not embarked on a standardized rehabilitation protocol. While this topic is irrelevant to
the aims of the current study, all patients had been
discharged from their orthopaedic surgeon’s care
and cleared to RTS from their individual practitioner.
Despite this, upon initial consultation it was clear
that only 10 patients (25%) had undergone any formal physical testing including the standard hop tests
and/or knee strength measures employed in this
study prior to RTS clearance. At the time of testing,
32 patients (80%) had already returned to the aforementioned Level 1 or 2 NAS levels. The other eight
patients (20%) had not yet returned for reasons that
included: 1) they had only recently been ‘cleared’ by
their individual practitioner, 2) it was the ‘offseason’
period of their chosen sport and/or 3) other engagements/commitments had more recently interrupted
their planned RTS. Ethics approval was obtained
from the relevant hospital ethics committee. The
written informed consent was obtained by all participants prior to testing, and the rights of all participants were protected.

This study consisted of two testing sessions undertaken within a private rehabilitation clinic, a mean
6.5 days (range 5-9 days) apart by a single therapist.
Participants were asked to refrain from any strenuous exercise in the 48 hours prior to each evaluation,
and every effort was made to undertake the two testing sessions for each patient at a similar time of day.
Testing Session 1
Firstly, a subjective patient review was undertaken,
including the collection of patient demographics,
occupational and current activity history employing
the NAS,19 as well as completion of the International
Knee Documentation Committee (IKDC) Subjective
Knee Evaluation Form.20 The IKDC is a kneespecific outcome measure evaluating patientperceived symptoms, physical function and sporting
activity, and is scored from 0-100 with higher scores
indicating a better score. Secondly, participants
underwent the six-minute walk test (6MWT),21
employed as a standardized warm up that equally
prepared both the operated and non-operated lower
limbs. Participants were then offered an optional
period of 5-10 minutes to perform any stretches they
wanted, which were not standardized and varied
between participants based on their own individual
preferences and warm up routines.
Thirdly, participants underwent a four-hop test
battery performed in the following order: 1) the single
hop for distance, 2) the 6 m timed hop, 3) the triple
hop for distance, and 4) the triple crossover hop for
distance.10 A custom made mat (6m in length, 15cm
in width) was created for the hop tests as described
previously,10 which contained an embedded tape
measure to accurately record distance measures. For
the 6 m timed hop, a countdown (i.e. “3, 2, 1, go”) was
provided by the tester positioned at the end of the 6
m distance, with the timer started upon initial patient
movement and stopped when the patient passed the
6 m mark. Patients were given a verbal description
of the individual test prior to each hop test, and were
permitted two to three warm-up hops on each limb
(of the single hop for distance) prior to initiating the
hop test battery. They were then provided with a
single practice attempt on each limb for each of the
following three hop tests, immediately prior to the
individual test. All hop tests were initially performed
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on the unaffected limb, and then alternated between
the unaffected and operated limbs. A total of four,
two, three and three test trials were collected for the
single, 6 m timed, triple and triple crossover hop
test, respectively. Previous research has reported
three test efforts (one practice and two test efforts)
for each of the four hop tests,10 though anecdotally
it has been seen that often the fourth effort for the
single hop for distance is required to ensure a peak is
attained, while two test efforts for the 6 m timed hop
is sufficient. The best effort for each standard hop
test was used in the analysis. All distance hop tests
were measured to the nearest 0.01 m and the 6 m
timed hop to the nearest 0.01 sec using a stopwatch.
Finally, isokinetic strength of the quadriceps and
hamstrings muscle groups was assessed using an
isokinetic dynamometer (Isosport International,
Gepps Cross, South Australia). Peak concentric
knee extension and flexion strength were measured
through a range of 0-90˚ of knee flexion, at a single
isokinetic angular velocity of 90°/s. In total, three
isokinetic strength trials were undertaken on each
limb. Each of the three test trials consisted of four
repetitions: three low intensity repetitions of knee
extension and flexion, immediately followed by one
maximal test effort. The first test trial was initiated
on the unaffected limb, and then alternated between
the unaffected and operated limbs until the six test
trials (i.e. three on each limb) were completed.
Participants were given adequate rest in between all
hop and strength testing trials to minimize fatigue,
though this was not standardized, and based upon
the patient’s readiness to proceed.
Testing Session 2
The second testing session consisted of an identical
warm up as session 1, consisting of the 6MWT and
optional stretching session, followed by a recently
developed and published ACLR test battery (the
BIA test battery).17,18 The BIA test package comes
complete with a laptop and software, accelerometer
(Myotester, Myotest S.A., Sion, Switzerland) and
waistband, MFT Challenge Disc (TST, Trend Sport
Trading, Grosshöflein, Austria) and the Speedy
Basic Jump Set (TST Trendsport, Grosshöflein,
Austria). Procedures for the BIA test battery have
been published,17,18 and consist of the double leg
stability test, the single leg stability test, a double leg

counter-movement jump (CMJ), a single leg CMJ, a
plyometric jump test (consisting of four consecutive
plyometric jumps), the speedy jump test and the
quick feet test, performed in the above order.17,18
These tests are outlined briefly below.
The double and single leg stability tests required
participants to stand on the MFT Challenge Disc and
balance to the best of their ability over a 20 s period.
Initially, participants were permitted time to familiarize with the board to nullify any learning effect.
The test required participants to maintain balance
for 20 s, standing on two feet with the knees slightly
flexed (Figure 1). During the trial, participants
received instantaneous visual feedback via a computer screen, in which they were required to keep a
marker centered within a target for as much of the
20 s time period as possible (i.e. this was instantaneous feedback on center of pressure). After familiarization with the balance board, participants were
provided one practice trial, which was followed by
two recorded test trials. This was then followed by a
single leg balance test over a 20 s period (Figure 1),
following the same protocols. The test was initiated
on the unaffected limb (one practice, followed by
two test trials), then followed by the operated limb
as per the published test battery and dictated by the
BIA software package.
The double leg CMJ employed the accelerometer
provided with the BIA pack which was fixed firmly

Figure 1. The double (A) and single (B) leg balance tests
undertaken as part of the Back in Action (BIA) test battery.
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Figure 2. The starting position required for the double (A)
and single (B) counter-movement jumps, undertaken as part
of the Back in Action (BIA) test battery. Participants were
required to quickly ﬂex the knee(s) and jump as high as possible, landing in a controlled manner.

using a Velcro strap around the patient’s waist, just
above the greater trochanter (Figure 2). Participants
were instructed to jump as high and as fast as possible during a single jump, involving a quick bend at
the knees and a forceful CMJ, jumping off both feet
and landing in a controlled manner. For this test, the
jump height (cm) and power output (W/kg) were
measured via the accelerometer. An initial single
practice jump was performed, followed by five individual recorded test trials, with a break in between
each of the five individual test efforts. The best individual effort was employed in the analysis. This was
followed by a single leg CMJ (Figure 2), initiated on
the unaffected limb (one practice, followed by three
individual test trials with a break in between) and
followed by the operated limb. The accelerometer
was fixed on the same side as the test (jump) leg, just
above the greater trochanter. The plyometric jump
test also employed the accelerometer, with participants instructed to perform four consecutive jumps
off both limbs as high and as fast they could, involving a quick bend at the knees and forceful jumps,
landing on both feet after each consecutive jump.
Participants were instructed to maximize jump

Figure 3. The speedy jump test undertaken as part of the
Back in Action (BIA) test battery. Participants hopped on one
leg as fast as they could through the 16-hop course.

height and speed, while minimizing ground contact
time between jumps. The jump height (cm) for each
of the four jumps were measured. An initial practice
test was performed, followed by two test trials.
The speedy jump test required the Speedy Basic
Jump Set which was used to create a pre-determined
hop coordination course (Figure 3). This consisted of
a series of 16 forward, backward and sideways single
limb hops, whereby participants were informed that
the aim was to perform the hopping course in the
shortest time possible. For the hop course, all bars
were 50 cm in length, while the height of each hop
bar was set at 7 cm from the ground. The timer was
initiated when the foot touched the ground in the
first hop and was stopped when the foot touched the
ground upon completion of the final hop. The test
was initiated on the unaffected limb (one practice,
followed by two test trials), then followed by the
operated limb. The quick feet test also employed the
Speedy Basic Jump Set. Participants were instructed
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Figure 4. The quick feet test undertaken as part of the Back in Action (BIA) test battery. Participants had to complete 15 full
cycles in the shortest possible time, with each cycle starting with both limbs outside the rectangles (A) and then initiated by bringing the operated limb in (B), the unaffected limb in (C), the operated limb out (D) and the unaffected limb out (E).

to repeatedly step into and out of two rectangles side
by side, moving one foot after the other, until 15
repetitions were completed (Figure 4). Participants
were instructed to complete the test in the shortest
possible time, without touching the barriers, initiating
the test with their operated limb, followed by their
unaffected limb. Participants were provided one
practice trial, followed by two recorded test trials.
Development of the BIA test battery involved the
evaluation of 434 healthy participants, who each
underwent the seven tests.18 Therefore, while LSIs
can be obtained for the individual single limb tests,
the normative database also permits comparison of
the patient to an age and gender matched unaffected
cohort, without any history of lower limb injury or
dysfunction. As defined by Hildebrandt et al.18 this
cohort was stratified by gender and age category:
Children (10-14 years), Youth (15-19 years), Young
Adults (20-29 years) and Adults (30-50 years). Within
each of these categories, the mean was considered
the average (Norm) and half of the standard deviation
was then repeatedly added or subtracted from this
average to create five scoring categories: Very Weak
(Norm – 1 SD), Weak (Norm – 0.5 SD), Norm, Good
(Norm + 0.5 SD), Very Good (Norm + 1 SD). As
per the BIA test battery, safety to RTS was indicated
by a score of at least ‘Norm’ in all seven BIA tests;
correspondingly, failure to reach this level in all seven
tests was deemed failure of the BIA test battery.

Data and Statistical Analysis
Firstly, LSIs were calculated for peak knee extensor
and flexor torque, as well as all four standard hop
tests undertaken in the first test session, and the single leg stability test, height in the single leg CMJ and
time in the speedy jump test undertaken in the second test session as part of the BIA test battery. Where
a higher score was indicative of better performance
(e.g. peak knee flexor and extensor strength, single
limb hops for distance, vertical height and power
during CMJs), the LSI was calculated by dividing the
best value derived from the operated limb by that of
the non-operated limb and converting to a percentage. Where a lower score was indicative of better performance (e.g. 6 m timed hop, time on the speedy
hop test and total excursion on the single leg stability test), the LSI was calculated by dividing the best
value derived from the non-operated limb by that of
the operated limb and converting to a percentage.
McNemar’s exact test for dependent proportions was
used to statistically compare the pass rates between
the testing batteries, including: (1) ≥90% LSI on all
four hop tests, (2) ≥90% LSI on all four hop tests, as
well as peak isokinetic quadriceps and hamstrings
strength, and (3) the full BIA test battery. An a priori
power calculation estimated that a sample of 40 provided 85% power to test the hypothesis that of 30
(75%) participants passing the four hop test, 10 or
less would not pass a more stringent test (the BIA
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test battery). A multilevel linear model was used to
test the difference between LSIs measured by the
four standard hop tests (the 6 m timed hop and the
single, triple and triple crossover hops for distance),
versus the two single limb functional tests employed
within the BIA test battery (the single limb CMJ and
the speedy jump test). An a priori power calculation estimated that a sample of 40 provided over
97% power to test the hypothesis that the BIA single limb tests would be at least 5% lower than the
four standard hop tests, assuming LSI test standard
deviations of 10% and a correlation between tests of
0.6. Data were analysed using Stata/IC for Windows
(StataCorp LP, TX USA) and statistical significance
was determined at p<0.05.

The mean LSI was >90% for all four standard hop
tests and peak isokinetic knee extensor and flexor
strength, with the majority of patients ≥90% LSI for
each test (Table 1). The mean LSI was <90% for all
three single limb tests included in the BIA test battery, with the majority of patients <90% LSI for each
test (Table 1). Collectively, the participants LSI’s for
the four standard hop tests were significantly higher
than those for the two BIA functional single limb
tests (single leg CMJ and speedy jump test) (difference = 12.9%, 95% CI: 11.1% to 14.6%, p<0.001).
The number of patients within each category (Very
Weak, Weak, Norm, Good, Very Good) for each test,
compared with the age and gender matched normative cohort, are provided in Table 2.

RESULTS
When employing the standard four-hop test battery
and a RTS cut-off pass rate of ≥90% for all four hops,
27 participants (67.5%) passed. When combining the
standard four-hop test battery with isokinetic knee
flexor and extensor strength, and employing a RTS
cut-off pass rate of ≥90% for all four hop and strength
tests, a total of 17 participants (42.5%) passed. Significantly more participants passed the four-hop test
in isolation than the four-hop test plus isokinetic
strength testing (p=0.002). When employing the
complete BIA test battery, only one participant
(2.5%) passed all criteria required to RTS. Significantly more participants passed the four-hop test
battery in isolation (p<0.001), and the four-hop test
battery plus isokinetic strength testing (p<0.001),
compared with the BIA test battery.

DISCUSSION
ACLR is common,1 though a high incidence of
re-tear following surgery has been reported.2 While
several factors may contribute to re-injury risk, an
important reason may be failure to regain muscle
function and strength.6,7 The most important
finding from this study was that the BIA test battery
produced a significantly greater RTS fail rate in ACLR
participants, when compared with standard testing
batteries (including a combination of functional hop
and peak muscle strength assessments).
Grindem et al.8 employed a RTS test battery that
required patients to score >90% LSI for quadriceps
strength and functional hop capacity, and
demonstrated that the re-injury rate was higher for
patients who RTS without meeting objective cut-offs

Table 1. Mean International Knee Documentation Committee (IKDC) Subjective Knee Evaluation scores, and
mean Limb Symmetry Indices (LSIs – score for the operated limb as a percentage of the non-operated limb) for
each of the single limb tests undertaken by participants.
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Table 2. The number (n) of participants in each category (compared to normative data) for the seven Back in
Action (BIA) tests employed as part of the BIA test battery, including the double and single leg stability tests,
the double and single leg countermovement jumps (CMJ) (absolute jump height and power), the plyometric
jump (absolute jump height and contact time), the speedy jump test and the quick feet test. Within each of these
categories, the patient was compared to the normative data and mean of the normative data was considered
the average (Norm), with half of the standard deviation then repeatedly added or subtracted from this average
to create ﬁve scoring categories: Very Weak (Norm – 1 SD), Weak (Norm – 0.5 SD), Norm, Good (Norm + 0.5
SD), Very Good (Norm + 1 SD).

(38.2%), versus those who did (5.6%). Similarly,
Kyritsis et al.9 reported a four times greater re-injury
risk in those who RTS after ACLR, if not meeting
certain discharge criteria including >90% LSIs in
three of the hop tests employed in the current study,
as well as peak isokinetic quadriceps strength. While
the present study did not evaluate re-injury rates
associated with poor lower limb strength and/or
functional symmetry, considering the requirement of
>90% LSIs in hop and strength symmetry in existing
test batteries, 17 participants (42.5%) in this study
would have been considered physically ready to RTS.
In comparison to the current findings, Toole et al.22
recently demonstrated an inability of many young
patients already cleared to RTS, to pass similar
RTS cut-offs as that employed in the current study.
Similar to the current study, the mean LSIs for hop
and strength measures were all generally around or
above 90%, though only 53% of patients were able to
achieve ≥90% in all four standard hop tests, with only
13.9% able to score ≥90% in all four standard hop
tests as well as peak isokinetic knee strength (they
also included a score >90 on the IKDC). Another

recent study also demonstrated the high proportion
of community-level patients already engaging (or
seeking engagement) in sport who were <90% LSI
on many of the standard hop and strength measures
employed, when assessed at a mean 11.0 months
(range 10-14) post-surgery.23 Therefore, even with
more conventional physical testing methods, these
combined results are alarming particularly given the
association between re-injury and a failure to meet
existing reported cut-offs in these tests.
Only one patient passed the full BIA test battery, and
the almost universal failure rate was significantly
higher than a battery consisting of standard
functional hop tests, even when supplemented with
peak isokinetic strength testing. Comparison of
participants in all tests (operated and non-operated
limbs) to a healthy age and gender matched cohort
proved the contributing factor in overall failure rates
of the BIA battery. An argument could be made to
suggest that the BIA test battery is too rigorous and
not realistically attainable, given the low pass rate.
The authors of this study would disagree, given the
anecdotal evidence of healthy subjects (of varied
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ages and activity levels) consistently passing the
battery, as well as the fact that the threshold required
to pass each of the seven tests is relatively low, given
each is based on attaining an ‘average’ score.
When considering the single limb CMJ employed
in the BIA test battery, 29 participants were below
average on the operated limb, while 15 participants
were still below average on the non-operated limb.
Studies have shown that reduced strength may occur
in the non-operated limb after ACLR.24,25 Whether
this was pre-existing or a result of the lengthy
period of relative inactivity post-surgery, the true
deterioration after surgery and the contribution it
plays to the calculation of LSIs is unknown, though
must be addressed prior to a RTS. This was also the
case for the speedy jump test, whereby 28 (70%)
and 24 (60%) participants were below average on
the operated and non-operated limbs, respectively,
compared to normative data. Even the four-jump
plyometric test, which permits the use of both limbs,
showed that the majority of participants (63%) were
below average. Finally, the speedy jump and quick
feet tests which assess speed showed the majority of
participants were below average compared to norms.
As outlined in the recommendations of Kyritsis et
al.,9 in addition to addressing lower limb strength
and functional deficits, readiness to RTS should also
be based on the patient’s ability to complete on-field
sport-specific rehabilitation. In this context, the BIA
test battery may be useful earlier in the rehabilitation
program to identify deficits, as well as later in the
program to help guide patients toward a sport-specific
conditioning program and/or eventual RTS.
Recent studies have demonstrated an increased
re-injury risk if patients do not meet objective test
LSIs within testing batteries of ≥90% before RTS,8,9
inclusive of functional hop and strength assessments.
While this evidence does support the use of these
physical objective tests in reducing the risk of knee
re-injury, it may be argued that reported LSI cutoffs (i.e. 90%) are not high enough to be considered
‘passing’. This may essentially set a lower required
performance pass rate in a patient who may actually
require lower limb strength and functional abilities
beyond their pre-injury status. Furthermore, given
recent research has suggested that LSIs overestimate
knee function,12 standard testing methods (e.g.

standard single-legged hop tests) may not be stringent
enough to adequately evaluate lower limb function,
and achieve a safe and successful RTS. As mentioned
above, LSIs do not account for limb asymmetry that
may have existed prior to the initial injury, nor the
potential de-conditioning of the non-operated side
after surgery.7 These are barriers encountered when
evaluating outcomes in community level patients
who do not have pre-injury comparative measures.
Maximal knee extensor and flexor strength measures,
although objective and reliable, are not functional
movements reflective of sport, and hop tests have been
criticized for not sufficiently evaluating functional
capacity in ACLR patients.13 While the group mean
LSI for each of the four hop tests ranged from 93-95%,
the group mean LSI for the single leg CMJ (i.e. single
leg vertical hop) and the speedy jump test within the
BIA battery were significantly lower, being 82% and
80%, respectively. Only 28% (single limb CMJ) and
33% (speedy jump test) of participants were ≥90% LSI
for these tests. The aim of the single limb CMJ is to
generate maximum power to propel the body upwards
against gravity, while the speedy jump test evaluates
function in forwards, sideways and backwards
directions over 16 consecutive hops. Three out of
four of the standard hop tests evaluate functional
hop capacity in a horizontal and forwards direction
only and, while the triple crossover hop for distance
does involve some cross directional movement, the
magnitude of these angular movements are relatively
low given the patient only needs to cross over a 15 cm
mat. Therefore, the speedy jump test may be more
physically demanding and therefore sensitive to sideto-side differences in functional capacity, compared
with the standard hop tests.
In addition to the nature of the test, it is important
to note that the single leg CMJ employed as part of
the BIA battery requires participants to have their
hands fixed on their waist, while arms were not fixed
during the four-hop test battery. The decision to
allow the use of the arms was made with the aim of
closely following the four-hop test battery previously
published by Reid et al.,10 which placed no restrictions
on the use of the arms. A study by Gustavsson et al.26
found a strong correlation between the single hop for
distance and the vertical jump performed as a CMJ,
though the arms were fixed for both tests. Hamilton et
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al.27 reported a strong correlation between triple hop
for distance and vertical jump performed as a CMJ,
with arm action being unrestricted during both tests.
By controlling hand position and the use of the arms
for propulsion, participants are only able to generate
power through their lower limbs. As a result, future
studies should consider the possible contribution
of unrestricted arm action on patient’s scores and
control for this by outlining restrictions within the
four-hop test battery. Nevertheless, while restricted
(or unrestricted) arm use may affect performance,
it would likely not affect side-to-side LSIs during the
hop tests.
Finally, the single limb stability test employed
as a measure of balance and postural control,
demonstrated a mean LSI of 86%. Barber-Westin et
al. 28 reported that deficits in balance, proprioception
and neuromuscular control persist for months postsurgery, and suggested that dynamic neuromuscular
control should be assessed before embarking on a
RTS. While limited evidence exists as to the link
between proprioceptive deficits and function in ACLdeficient and post-operative ACLR patients,29 it has
been suggested that a longer post-operative recovery
phase may be needed until proprioceptive deficits are
resolved.30 The standard four-hop test battery used
in this study fails to examine this construct directly,
with the only indication that a deficit exists observed
through the patient’s ability to control the landing
of the final hop. Thorough therapist assessment of
jumping and landing control, as well as lower limb
and trunk mechanics is imperative during these hop
tests. However, while inability to control the land
during a single limb hop test of any kind would rule
the test ineligible, losses of control or biomechanical
imperfections are often not quantified. Patients may
score well on performance-based tests and present
with sound LSIs, in the absence of quality hopping
and landing biomechanics (such as lower limb and
trunk alignment, adequate knee flexion on weight
acceptance and excessive ground reaction forces).
Therefore, ‘biomechanical symmetry’ in addition to
‘performance symmetry’ should still be evaluated
throughout these testing batteries, given its potential
link to ACL injuries.31-33
Some limitations in this study are acknowledged.
Firstly, two testing batteries were undertaken over

two different sessions in order to minimize any fatigue
effect and, while every effort was made to standardize
the test conditions, the order of the two test sessions
was not randomized. Secondly, for the standard fourhop battery and isokinetic knee strength evaluations,
testing alternated between the unaffected and affected
limb minimizing any learning effect. However, each
test of the BIA battery was always initiated on the
unaffected limb, completing all required practice
and test efforts before repeating the process on the
operated limb. Therefore, there is the possibility that
the results obtained from the operated limb could
be exaggerated in comparison to the unaffected
limb, given the proficiency gained through prior
learning. The BIA tests, however, reported lower
mean LSIs when compared with the standard hop
and strength tests, which would suggest that this
possible learning effect may have only presented
the LSIs better than they actually were. Thirdly, this
study only evaluated patients who had undergone
ACLR utilizing hamstring autografts in order to better
standardize the cohort. However, while caution
should be applied in generalized surgical outcomes
across all graft types, research does suggest that postoperative strength and functional outcomes do not
significantly differ between hamstrings autografts
and other reconstruction methods.34-37 Fourthly, it is
acknowledged that the patients recruited for this study
received guidance from different rehabilitation clinics
and under varied therapists and, therefore, they did
not have a standardized rehabilitation protocol. While
it was recently demonstrated that rehabilitation is
associated with performance during standard hop and
strength measures,23 this study sought to investigate
differences amongst tests and testing batteries within
patients, rather than between patients (making varied
rehabilitation pathways irrelevant for this study), at a
time when many patients assume (and are informed)
they can return to their chosen sport.
While the comparison of performance outcomes to an
age and gender matched healthy cohort is considered
an advantage of the BIA test battery, this comparison
remains limited by the large range of ages included in
each sub-grouping. For example, a 28 year old patient
would be compared to the young adult bracket (2029 years), meaning that while the comparison to
individuals in the upper end of the age bracket would
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be appropriate, there would also be comparison
to a younger population. Furthermore, published
studies highlighting the development of the BIA test
battery failed to provide detailed information on the
characteristics of the normative cohort (other than
gender, age, height, weight and body mass index, as well
as stating that subjects were engaging in competitive
sports).17,18 Therefore, normative data relating to a
specific activity or sport that may be developed over
time, will permit matching these ACLR patients more
closely for the demands required of the specific sport.
At this stage, patients are being matched with healthy
subjects engaging in competitive sport, without
knowing the exact sports. This will further improve
the utility of the BIA test battery above and beyond
reporting LSIs during standard tests of hop function
and strength. Finally, this study did not seek to
investigate actual ACL re-tears in patients returning
to sport, and their association with LSI and BIA test
battery outcomes. This provides an important avenue
for future research, in determining whether the BIA
test battery has an improved ability over standard
hop and strength tests in predicting re-injury.
CONCLUSION
The BIA test battery appears to include some single
limb functional tests that are more physically challenging than standard hop and isokinetic strength
tests, highlighted by the significantly lower mean
LSI’s during the single limb BIA tests and the lower
pass rate when employing the BIA protocol. Future
research should seek to investigate the association
between outcomes measured using the BIA and the
rate of secondary re-injury.
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ABSTRACT
Background and Purpose: Lower extremity athletic injuries result in impairments in balance, power, and jump-landing mechanics. Unilateral injury has bilateral effects and the literature supports that it is important to assess neuromuscular impairments such
as balance, power, and jumping mechanics following injury and for safe return to sport after injury rehabilitation. Currently,
individual tests are established in the literature, but no combined approach or clinical tool exists for this purpose. The purpose of
this study is to describe and provide the initial data for the Lower Extremity Grading System (LEGS), comprised of three neuromuscular components for use as a baseline pre-season assessment for high school athletes to assess lower extremity performance.
Furthermore, this study focuses on the differences in baseline lower extremity performance outcomes between male and female
soccer and basketball athletes.
Methods: One hundred and eighty-five high school basketball, and soccer athletes (94 female, 91 male; mean age = 15.6 ± 4.4)
participated. The participants were administered the LEGS assessment during the preseason for their respective sports, which
includes three component tests: (1) Y-balance test, (2) drop vertical jump test, (3) triple-crossover-hop-for-distance test. Participants’ scores on each test were recorded, and then totaled to present an overall LEGS composite score. Participants’ baseline LEGS
scores were then analyzed according to sex and sport, and standard normal distribution was calculated for all scores to enable
percentile rankings to be established.
Results: Mean scores and standard deviation for each functional performance test are presented. Furthermore, a LEGS composite
score combining the test scores was established and presented as a normal distribution curve allowing for further comparison and
analysis. The mean LEGS composite score for males was 700.3 (± 76.6), while the mean LEGS composite score for females was
587.4 (± 51.6). Statistically different LEGS composite scores were found between males and females.
Conclusion: The current findings present descriptive data for the utility of the LEGS as a neuromuscular baseline assessment
before high school sports participation and/or as a tool for assessing return to sports after injury rehabilitation. The LEGS may
augment current assessment tools and may serve as a composite score and combined approach to the assessment of lower extremity risk of injury and readiness to return to sports.
Level of evidence: 3
Keywords: Adolescent, lower extremity, baseline screening, return to play
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INTRODUCTION
In the United States of America, over seven million
adolescent high school students participate in athletics.1 These student-athletes sustain an estimated 1.5
million injuries each year with the lower extremity
(ankle and knee) being the most common site of
injury.2-5 Previous authors have reported relationships
between factors such as demographics, anthropometrics, balance, and physical performance measures
that may contribute to increased risk of suffering
lower extremity injuries (or re-injury) in sports.6-8

The LEGS combines individual functional test
scores in centimeters from the Y-balance test (YBT),
drop vertical jump test (DVJT), and triple crossover
hop for distance test (TXHD) into a single baseline
LEGS composite score to provide a simplified metric
reflecting a combination of lower extremity characteristics that can be used in percentile rankings. Similar scales are used in the Scholastic Assessment Test
(SAT) where raw scores in sections such as reading,
writing, and math are combined to provide scaled
scores for percentile ranking and interpretation.

Barber-Westin, et al. have suggested that it is important and recommended to assess neuromuscular
impairments such as balance, power, and jumping
mechanics following injury and for safe return to
sport activities after injury and rehabilitation.6 Functional performance tests have been used to assess
components of sport performance, determine readiness for return to sport, evaluate effectiveness of
neuromuscular training interventions, and evaluate potential for injury of the lower extremity.7-11 An
advantage of functional tests are that they require
minimal personnel, are simple in administration,
require only minimal equipment, and can be combined into a single score to assess overall physical
performance and lower extremity injury risk.9,12
However in singularity these tests may provide only
one dimension of an athlete’s function or performance. Furthermore, normative data for these individual tests as well as a composite scoring system
to describe the baseline neuromuscular function of
high school athletes have not been described.

The functional tests selected for combination for
the LEGS have been presented in the literature
as reliable and valid assessments for jump-landing mechanics, dynamic balance, and lower limb
strength and power.13-15 The reliability for the DVJT
has been reported with intraclass correlation coefficients (ICCs) of 0.94 to 0.96, has been shown to
be valid, and has been used to identify risks factor
for noncontact acute lower extremity injuries.7,8,13,16
The YBT has been proposed as a tool utilized before,
during, and after injury to assessment functional
improvements and risk of injury (reliability ICCs
ranging from 0.80 to 0.85).17 The reliability and
validity of hop tests as performance-based outcome
measures and for patients undergoing rehabilitation
after anterior cruciate ligament (ACL) reconstruction has been reported (reliability ICCs ranging from
0.84 to 0.93).15

The Lower Extremity Grading System (LEGS) is
presented in this study as a measure to help clinicians identify the neuromuscular status of the lower
extremity using a standardized approach. Additionally the LEGS may also add utility as a preseason
baseline indicator of lower extremity neuromuscular components which may be beneficial for the
growing, adolescent athlete for assessing both risk of
injury and performance potential. Baseline assessments with LEGS could provide valuable pre-injury
data on an annual basis, and could also offer a practical clinical data tool which would allow for comparison during the rehabilitation phases of injury
management of lower extremity acute non-contact
injuries and for return to sport decision making.

Therefore, the purpose of this study is to describe
and provide the initial data for the Lower Extremity
Grading System (LEGS), comprised of three neuromuscular components for use as a baseline pre-season assessment for high school athletes to assess
lower extremity performance. Furthermore, this
study focuses on the differences in baseline lower
extremity performance outcomes between male and
female soccer and basketball athletes.
METHODS
Participants
One hundred and eighty-five male and female athletes (15.6 ± 4.4 years) participated in this study.
Sample size was determined by performing a priori
power analysis using G*Power statistical software
(Version 3.1.9.2) with power set at 0.8 and alpha
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level (p = .05). It was determined that a maximum number of approximately 40 participants was
needed in order to demonstrate differences between
groups. All participants played at least one of two
high school sports: soccer or basketball. These
sports were selected based upon the common occurrence of noncontact acute lower extremity injuries
involved with sport participation and the performance of several high-risk maneuvers.2
All participants completed pre-participation health
history questionnaires to rule out current pathological conditions (any condition that would prohibit
clearance to participate in athletics) and contraindications to study participation, which were evaluated by a physician. Exclusionary criteria included:
incomplete pre-participation physical exam, and/or
inability to physically perform any of the required
assessments. No participants were excluded from
this study due to previous injury. Prior to study participation all procedures were explained to each participant. Participants and their parents/guardians
read and signed assent and consent forms and video
use consent forms that were approved by the institutional review board for human subjects.
Procedures
Data were collected by the same examiners at all
testing sessions. All examiners were NATABOC professional certified athletic trainers at the master’s
degree level with education and experience familiarizing them with the assessments and testing procedures. Anthropometric data were recorded before
all testing procedures and included height, body
mass, body mass index (BMI), age, date of birth,
grade, sport, and level of sport participation (freshman, junior varsity, or varsity) by the principal
investigators. All testing was performed in a school
gymnasium. Before testing, participants conducted
a 10 minute dynamic warm-up led by the principal investigators. The dynamic warm up included
jogging, backpedaling, side-stepping, and walking
stretches. Three testing stations (balance, power,
jumping mechanics) were established and participants were assigned randomly to the stations and
proceeded with synchronous clockwise rotation
until as stations were completed. Standardized oral
instructions for each test were rehearsed and read
by the examiners to all test groups. Standardized

instructions were designed to maintain consistency of testing procedures, decrease instructional
time, and allow concise and precise data collection.
Incorrect test performance required that the test be
restarted after a minimum 30-second rest period. No
corrective feedback was given to subjects.
The Lower Extremity Grading System (LEGS)
The LEGS was developed to assess neuromuscular
function of the lower extremities for use as a pre-participation baseline screening and as a tool for evaluating return to sports following injury rehabilitation.
The LEGS employed in this study consisted of previously described assessments of the following three
components: (1) dynamic balance, (2) jump-landing
mechanics, and (3) lower limb power as measured by
the YBT, DVJT, and TXHD, respectively. A copy of the
LEGS form is provided in Appendix I. A visual depiction representing each test is provided in Figure 1.
The YBT was used to assess dynamic balance of the
stance leg by recording single-leg reach distance in
cm(s) on each leg with a standard FMS™ Y-balance
kit. Participants stood on the center of the testing kit
with one limb and reached with their contralateral
limb in the anterior, posteromedial, and posterolateral directions. Participants were given one practice trial on each limb and engaged in one test trial
per limb. Participants started on the left limb and
repeated the test with a stance on the right limb. The
average of the maximum reach distances from the
three directions (MaxD) was recorded in centimeters
and normalized according to leg length of the stance
leg in order to adjust for variances of different anthropometric variables. Leg length was measured with a
Gulick tape measure from the anterior superior iliac
spine to the distal medial malleolus. The YBT scores
were expressed as a percentage of leg length.18
The DVJT was performed as described by Noyes et
al.13 An Apple iPad (Apple, Inc., Cupertino, CA) was
used to record jump landing mechanics, placed on
a 102 cm high stand, positioned approximately 366
cm in front of a box that was 30 cm in height and
38 cm in width. Camera resolution was 1080P at 24
frames per second. Immediately before each subject
performed the DVJT, the same examiner placed two
sets of 4 x 4 cm florescent pink reference markers
over the ASIS and center of patella for each limb.
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Figure 1. The LEGS tests used in this study (from left to right): Y-Balance Test (YBT), Drop Vertical Jump Test (DVJT), and Triple
Crossover Hop for Distance Test (TXHD).

Jump landing mechanics were analyzed post-testing
session via Dartfish Motion Analysis Software (ProSuite version 4.0.9.0) where lower limb separation
distances at the hip and knee were measured.
Hip separation distance (HSD) was measured while
standing erect on top of the box and defined as the
distance between the most prominent points of each
anterior superior iliac spine which were marked
with fluorescent tape markers. Knee separation
distance (KSD) was measured at the lowest point
of each jump landing prior to transition to takeoff
into the vertical jump and was defined as the distance between the centers of the patellae, which
were marked with fluorescent tape markers. Participants were instructed to jump maximally (“as high
as possible”) upon dropping from the box. The average absolute KSD during three successful trials was
recorded in centimeters and then normalized relative to HSD to yield a percentage for each subject.13
The TXHD evaluated maximal hopping distance on
a single leg and was assessed in centimeters (cm)
with a standard tape measure fixed to the ground,
perpendicular to the starting line.15 Participants
stood on the designated testing leg with the great toe
on the starting line and performed three consecutive
maximal hops forward on the same limb, crossing
over the tape measure with each hop. Participants
started on the left limb and repeated the test with

the right limb. Each participant initiated the hops
by hopping in the lateral (outside) direction. Each
participant was given one practice trial per limb and
two test trials per limb. Arm swing was allowed, and
the investigator measured the distance hopped from
the starting line to the point where the toe struck the
ground upon completing the third hop. The maximum distance achieved of the two test trials was
recorded in centimeters and used for analysis.
STATISTICAL METHODS
All data were analyzed using SPSS Statistics Version
22.0.0.0 (IBM, Armonk, New York, USA), and Microsoft Excel. Participants were divided into groups
according to independent variables such as sex (male
or female), and sport (basketball or soccer). Variables
of interest included performance on the independent
functional performance tests as well as the LEGS composite score. Unpaired t-test were used to compare
means between sexes and sports with an alpha level
set at p =.05 to determine statistical significance.
The LEGS composite score is presented as a total,
and was calculated using the following equation:
LEGS Composite Score = average score (cm) / limb
length (cm) from the YBT (%) + TXHD
maximum hop distance (cm) + (knee separation
distance (cm) / hip separation distance (cm))
from the DVJT (%)
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Normal distribution curves were calculated using the
mean LEGS composite scores and standard deviations.

LEGS composite scores for females and males which
are presented in Figure 3.

RESULTS
Participant demographic characteristics, individual
functional test scores, and LEGS composite scores
are provided in Table 1. Female functional test scores
and LEGS composite scores grouped by sport are
presented in Table 2. Male functional test scores and
LEGS composite scores grouped by sport are presented in Table 3. Mean test scores between males
and females are graphically presented in Figure 2.

Each athlete’s individual YBT, DVJT, and TXHD
scores were subtracted from the mean score and
divided by the standard deviation to create standard normal distributions curves. These standardized scores can then be summed to provide one total
z-score for each athlete. These z-scores can be analyzed further as a percentile ranking score based on
the total sample. The percentage scores in this study
ranged from 8% to 89%. This scoring system may
allow interpretation regarding readiness for sport
participation similar to how the SAT test is intended
to assess intellectual readiness for college.

The mean LEGS composite score for males was 700.3
with a standard deviation of 76.6, while the mean
LEGS composite score for females was 587.4 with a
standard deviation of 51.6. These data were utilized
to create standard normal distribution curves of the

Statistically significant differences were found
between male and female scores on all individual

Table 1. Demographics, functional test scores, and LEGS composite scores (mean ± SD).

Table 2. Test scores (females) by sport (mean ± SD).
Table 3. Test scores (males) by sport (mean ± SD).
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Figure 2. Mean test scores females vs. males on Y-Balance Test (YBT) in cm; Drop Vertical Jump Test (DVJT) knee separation
distance/hip separation distance (cm) as a percentage; Triple Crossover Hop for Distance Test (TXHD) in cm; and Limb Symmetry Index (LSI) as a percentage. The LSI is calculated as the difference between limb data from both the YBT and TXHD.

Figure 3. Normal distribution curve for LEGS composite
scores of males and females.

functional tests and the LEGS composite score. Interestingly, males demonstrated higher scores on all
functional tests except the YBT. Female soccer athletes demonstrated the highest YBT scores amongst
the sports groups, while male basketball athletes
demonstrated the highest DVJT and TXHD scores.
For male athletes, differences between the LEGS
composite scores of basketball and soccer athletes
were not significantly different. Similarly, for female
athletes, the LEGS composite scores of basketball and
soccer athletes were not significantly different.
Limb symmetry index (LSI) was calculated as a percentage by dividing scores of the left and right limbs
for all participants. The mean LSI for male basketball athletes was 100.3 (± 4.8), while the mean LSI
for male soccer athletes was 101.6 (± 5.6). The mean
LSI for female basketball athletes was 98.1 (± 4.4),
while the mean LSI for female soccer athletes was
98.4 (± 4.8).

DISCUSSION
Using a systematic approach to combining objective
functional scores from three performance test outcomes, the LEGS composite score was established.
The main result of the present study is the provision of descriptive data regarding baseline lower
extremity function in high school athletes competing in soccer and basketball using the LEGS composite score and standardized curves for percentile
rankings. Establishing standard normal distribution
curves presents this data in a format that may allow
for age, sex, or sport-matched comparisons to be
made in decision making and rehabilitative planning. Furthermore, differences in baseline lower
extremity performance between male and female
soccer and basketball athletes is also elucidated.
The advantages of utilizing the LEGS composite scores
and functional performance tests described in the present study is the simplicity of administration, the systematic approach to combining functional test scores,
and the objective nature of the analysis. The creation
of the LEGS composite score is of clinical importance
since it allows for an assessment that yields objective
data in the form of a single metric, which can be compared to age-related distribution or baseline scores to
inform clinical decisions. Previous literature has presented combined functional performance test measurements into a single score to assess overall physical
performance and lower extremity injury risk.12
In previous studies, the functional performance
tests used in the LEGS application have been shown
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to be reliable and valid.13-15 Evidence in previous literature found no difference in YBT performance
between male general college students and male college athletes, while noting the validity of the tool for
purposes of preparticipation screening and injury
prediction.19 Results in the current study show statistically significant differences between high school
female and male YBT scores, with females scoring
higher during baseline screening.
The YBT has been proposed as a tool utilized before,
during, and after injury to assessment functional
improvements and risk of injury.17 Other evidence in
the literature describes the inter-rater test-retest reliability of the YBT as well as the utility of dynamic balance as a screening and rehabilitation tool for female
collegiate volleyball players.14,20 Butler et al. examined
YBT scores in high school, college, and professional
soccer players and proposed the need for further establishing normative values for both male and female
athletes of all ages, levels of competition, and sports.21
The present study presents data in an attempt to
establish normative values for the high school athlete.
Barber-Westin et al. reported on the utility of the
DVJT as an indicator of an athlete’s lower limb control, while other researchers have reported the simplicity of the DVJT administration for identifying
risk for injury.22,23 The results of the present study
show significant differences in male and female
DVJT scores when used as a baseline screen in
basketball and soccer athletes. This may indicate
decreased lower limb control in high school-aged
female sports participants when compared to their
male counterparts and may result in an increased
potential risk of injury.
Previous literature has noted the need for normative
data on limb symmetry indices and hop test performance grouped by age, sports, sex, etc.24 The results
of the present study may contribute to this need by
indicating the significant differences between male
and female single leg hopping power via the TXHD.
The reliability and validity of hop tests as performance-based outcome measures for patients undergoing rehabilitation after anterior cruciate ligament
(ACL) reconstruction has also been reported.15
In a systematic review, Barber-Westin et al. demonstrated the need for objective measurements of

strength, stability, and neuromuscular function in
return to play decision-making models.6 Similarly,
the 2016 consensus statement on return to sports
outlines the need for focused research on defining, measuring, and reporting return to sport outcomes using a standardized approach.25 The results
of the current study provide a systematic approach
for combining data from multiple reliable and valid
tests into a singular metric which can be translated
into comparative ranking.
The outcomes of this study are relevant particularly
for the high school athletic population for establishing normative data to describe lower extremity
function and symmetry in baseline preparticipation
screening. In this study, both sexes demonstrated
limb symmetry indices near 100% demonstrating
that baseline evaluation of healthy high school athletes indicates symmetry between limbs. Limb symmetry is often used as a clinical indicator for return
of function of the lower extremity after injury or
surgical intervention. The LEGS composite score
could be utilized for comparing LSI measures during
rehabilitation to baseline LSI measures for return to
sport decision making.
Future direction and research with LEGS should
include larger sample sizes and the inclusion of baseline LEGS composite scores from athletes participating in other sports. Furthermore, validation studies
comparing baseline scores to post-injury scores for
return to play decisions may also further assess the
utility of the LEGS.
CONCLUSION
The current study presents descriptive data for the
utility of the LEGS as a neuromuscular baseline
assessment before high school sports participation
and/or as a tool for assessing return to sports after
injury rehabilitation. The LEGS may augment current assessment tools and may serve as a composite score and combined approach to the assessment
of lower extremity risk of injury and readiness to
return to sports. The LEGS composite score and standardized curves for percentile rankings establishes
standard normal distribution curves which allow for
age, sex, or sport-matched comparisons to be made
in decision making and rehabilitative planning.
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PRESEASON LOWER EXTREMITY FUNCTIONAL TEST
SCORES ARE NOT ASSOCIATED WITH LOWER
QUADRANT INJURY – A VALIDATION STUDY WITH
NORMATIVE DATA ON 395 DIVISION III ATHLETES
Jason Brumitt, PT, PhD, ATC, CSCS
Victor Wilson, PT, DPT
Natalie Ellis, PT, DPT
Jordan Petersen, PT, DPT
Christopher John Zita, PT, DPT
Jordon Reyes, PT, DPT

ABSTRACT
Background: Preseason performance on the lower extremity functional test (LEFT), a timed series of agility drills, has been previously
reported to be associated with future risk of lower quadrant (LQ = low back and lower extremities) injury in Division III (D III) athletes.
Validation studies are warranted to confirm or refute initial findings.
Hypothesis/Purpose: The primary purpose of this study was to examine the ability of the LEFT to discriminate injury occurrence in D III
athletes, in order to validate or refute prior findings. It was hypothesized that female and male D III athletes slower at completion of the LEFT
would be at a greater risk for a non-contact time-loss injury during sport. Secondary purposes of this study are to report other potential risk
factors based on athlete demographics and to present normative LEFT data based on sport participation.
Methods: Two hundred and six (females = 104; males = 102) D III collegiate athletes formed a validation sample. Athletes in the validation sample completed a demographic questionnaire and performed the LEFT at the start of their sports preseason. Athletic trainers
tracked non-contact time-loss LQ injuries during the season. A secondary analysis of risk based on preseason LEFT performance was
conducted for a sample (n = 395) that consisted of subjects in the validation sample (n = 206) as well as athletes from a prior LEFT related
study (n = 189).
Study Design: Prospective cohort
Results: Male athletes in the validation sample completed the LEFT [98.6 (± 8.1) seconds] significantly faster than female athletes [113.1
(± 10.4) seconds]. Male athletes, by sport, also completed the LEFT significantly faster than their female counterparts who participated
in the same sport. There was no association between preseason LEFT performance and subsequent injury, by sex, in either the validation
sample or the combined sample. Females who reported starting primary sport participation by age 10 were two times (OR = 2.4, 95% CI:
1.2, 4.9; p = 0.01) more likely to experience a non-contact time-loss LQ injury than female athletes who started their primary sport at age
11 or older. Males who reported greater than three hours per week of plyometric training during the six-week period prior to the start of
the preseason were four times more likely (OR = 4.0, 95% CI: 1.1, 14.0; p = 0.03) to experience a foot or ankle injury than male athletes
who performed three or less hours per week.
Conclusions: The LEFT could not be validated as a preseason performance measure to predict future sports injury risk. The data presented in this study may aid rehabilitation professionals when evaluating an injured athlete’s ability to return to sport by comparing their
LEFT score to population norms.
Level of Evidence: 2
Keywords: Agility, college, epidemiology, functional test, lower quadrant
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INTRODUCTION
The lower extremity functional test (LEFT) consists
of a series of 8 agility drills performed on a diamond
shaped course (Figure 1).1-3 The LEFT was originally
designed as a functional test to qualitatively and
quantitatively assess an athlete’s ability to return to
sport after a lower extremity injury.1-3 Recently the
LEFT has been assessed for its ability to discriminate injury risk in athletic populations.4,5 In an initial prospective cohort study, female Division III (D
III) athletes who completed the LEFT in 118 seconds
or more (e.g., slower female athletes) were six times
more likely to experience a thigh or knee injury during the season.4 Slower females (LEFT score ≥ 118
seconds or more) experienced an initial (e.g., first
in-season injury) time-loss lower quadrant (LQ =
low back and lower extremities) injury rate of 4.8
per 1000 athletic exposures (AE).5 Slower female
athletes experienced a subsequent (e.g., any injury
after the first in-season injury) time-loss LQ injury
at a rate of 17.4 per 1000 AEs.5 Interestingly, faster
male D III athletes with a LEFT score of 100 seconds

Figure 1. Course Dimensions for the Lower Extremity Functional Test. Distance between the Northern and Southern triangles is 9.14 m (30 feet). Distance between the Eastern and
Western triangles is 3.05 m (10 feet).

or less were three times more likely to experience
a time-loss LQ injury and six times more likely to
sustain time-loss foot or ankle injury.4 The authors
of the initial study hypothesized that faster males
may have had a greater risk of injury due to having
more exposure (e.g., more minutes devoted to practice or game) than slower males; however, this form
of athletic exposure (e.g., tracking minutes played)
had not been collected (note: exposure in that study
was based only on participation during a practice or
game and not on minutes played per event).4
A recent trend in sport science research is to attempt
to identify athletes at risk for injury based on preseason measures of fitness.6,7 Several functional
performance tests (FPT), including the LEFT, have
been assessed for their ability to discriminate injury
risk in various athletic populations.4,5,8-12 Many of the
initial cohort studies that have assessed the potential predictive value of preseason FPT scores have
reported significant relationships between suboptimal scores and future injury risk. However, these
initial studies should be viewed with caution. Subsequent studies are warranted to validate the previously reported risk profiles. For example, Kiesel et
al12 reported a score of 14 or less on the Functional
Movement Screen™ (FMS™) was associated with an
11-fold increased risk of professional football players experiencing a time-loss injury requiring a minimum of three weeks on the disabled list. However,
since this initial report,12 a majority of subsequent
studies have failed to validate the original cutoff
score (14 or less) and have failed to identify an alternate composite cutoff score for the FMS in order
to discriminate injury risk in various sport populations.13-20 Likewise, Plisky et al reported that female
high school basketball players were 6.5 times more
likely to have experienced a lower extremity injury
when their composite score on the star excursion
balance test (later developed into the Y-balance test)
was less than or equal to 94 percent of their lower
extremity (LE) length.8 Subsequent studies, albeit
with different sport populations, have reported different cutoff scores.20,21
As detailed in the prior paragraph, subsequent studies
designed to validate risk profiles based on preseason
FPT measures may not support initial findings.
Thus, there is a need to conduct subsequent studies
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to validate initial findings. The association between
preseason LEFT scores and subsequent sport related
injury has yet to be validated. The primary purpose
of this study was to examine the ability of the LEFT
to discriminate injury occurrence in D III athletes,
in order to validate or refute prior findings. It was
hypothesized that female and male D III athletes
slower at completing the LEFT would be at a greater
risk for a non-contact time-loss injury during sport.
Secondary purposes of this study are to report other
potential risk factors based on athlete demographics
and to present normative LEFT data based on sport
participation. It was hypothesized that those who
spent less time training during the off-season, who
started sport at an older age, and/or who had a prior
history of injury would have a greater risk of injury.
METHODS
Participants
Two hundred and six Division III athletes (females
= 104, males = 102) from one university were
recruited to participate in this study and served as
a validation sample. Inclusion criteria for this study
was participation in a varsity level sport. Athletes
were excluded from the study if: a) he/she was under
the age of 18 or b) if he/she was restricted from full
sport participation by their primary care provider or
team athletic trainer at the start of the season. The
validation sample consisted of athletes from the following sports: women’s soccer = 35, men’s soccer
= 41, women’s volleyball = 32, men’s basketball =
15, women’s track = 26, men’s track = 40, women’s
tennis = 11, men’s tennis = 6.
The validation sample (n = 206) combined with 189
athletes from a different D III university formed the
“combined sample”. The purpose of the combined
sample was to a) assess injury risk profiles, per sex,
in a large population of D III athletes and b) present
normative data for the LEFT based on sex and sport
participation. The initial sample of D III athletes (n =
189)4 consisted of athletes from the following sports:
women’s soccer = 30, men’s soccer = 19, women’s
cross-country = 5, men’s cross-country = 6, women’s
volleyball = 26, men’s wrestling = 14, women’s basketball = 7, men’s basketball = 14, softball = 10, baseball
= 12, women’s track = 2, men’s track = 6, women’s
lacrosse = 17, women’s tennis = 9, men’s tennis = 12.

The Institutional Review Boards of George Fox University and Pacific University approved this study. Athletes provided informed consent prior to testing.
Procedures
Demographic measures, off-season training habits, prior injury history, and LEFT scores were collected from each athlete at the start of their sports
preseason. Prior to performing the LEFT, each athlete
provided the following information: age, years in university, age they started participating in their sport,
and average weekly time devoted to training (in four
categories: weightlifting, cardiovascular exercise, plyometric training, scrimmaging) during the six-week
period of time prior to the start of the season.
Dynamic Warm-Up
Prior to performing the LEFT, each athlete performed a five-minute dynamic warm-up. This warmup routine was performed to metabolically prepare
the athlete for activity and to reduce the risk of
injury.22 Athletes were instructed to perform the following active movements at their own pace: forward
walking, backward walking, forward lunging, backward lunging, and high knee marching.
Lower Extremity Functional Test Protocol
The LEFT is performed on a diamond shaped course:
9.14 m (30 ft.) in the North-South direction and 3.05
m (10 ft.) in the East-West direction (Figure 1).1-3,23,24
Triangles, made with 0.305 m (1.0 ft.) strips of athletic tape, were placed at the end of each axis. The
following agility drills are performed during the test
in the following order: forward run, backward run,
side shuffle, cariocas (Figure 2), Figure 8s, 45° cuts
(plant outside foot), 90° cuts (plant outside foot),
crossover 90° cuts (plant inside foot), forward run,
and backward run.1-3,23,24
The athlete is positioned at the Southern triangle to
start the test. The forward run (sequence: South –
North – South) and backward run (sequence: South
– North – South) are performed first at the start of
the test and repeated at the end of the test. The
remaining drills are performed both in a counterclockwise and a clockwise direction. Consistent verbal instruction from an investigator is necessary due
to the variety of skills performed and fatigue onset.25
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habits, and LEFT scores between sexes within the
validation sample. Independent t-tests were also utilized to compare means between sexes within the
combined sample for demographics, training habits,
and LEFT scores. Mean (± SD) LEFT scores were
calculated, using data from the combined sample,
and presented by sex for each sport. Independent
t-tests were utilized to compare mean LEFT scores
between sexes by sport. The PI collected injury
records on a weekly basis from the ATC team.

Figure 2. Athlete Demonstrating Carioca Progressing from
the West Triangle toward the North Triangle.

A researcher provided verbal instruction as to the
next movement and its associated course direction
as the athlete neared completion of a task. One trial
of the LEFT was performed by each athlete. Time
was recorded in seconds using a stopwatch. Testretest reliability for the LEFT is 0.95 to 0.97.24
Injury Surveillance
The university’s athletic training (ATC) staff documented all non-contact time-loss injuries to the
LQ for all athletes. The operational definition of
an injury was any musculoskeletal injury resulting
from a non-contact injury mechanism to the lower
quadrant (LQ) [categorized by region: low back, hip,
thigh, knee, leg, ankle, or foot] that occurred during
practice or competition that resulted in the athlete
either failing to complete that day’s event or requiring the athlete to miss a subsequent practice or
competition.25,26 The athletic trainers also provided
athletic exposure data. In this study one athletic
exposure was equal to participation in one practice
or one game.
Statistical Analyses
A minimum of 67 subjects per sex, based on an a
priori calculation, were needed to identify statistically significant associations between LQ injury and
LEFT measures for the validation sample. Descriptive statistics (means ± SD) were calculated for
demographic information, off-season training habits, and LEFT scores. Independent t-tests were utilized to compare means for demographics, training

Cutoff Scores
Multiple receiver-operator characteristic (ROC)
curves (by sex) were created in order to identify
potential cutoff scores that maximized sensitivity
and specificity for demographic information, offseason training reports, and LEFT scores [Note:
separate ROC curves analyzing LEFT scores were
created for both the validation sample and the combined sample. The additional ROC curve analyses for demographic and training variables were
only created using the combined sample]. Analysis of ROC curves for the validation sample failed
to identify a cutoff score for the LEFT; thus, previously reported cutoff scores for the LEFT were
used for regression analysis.4 A majority of the ROC
curves for the combined sample failed to identify
a cutoff score for numerous variables; however,
the category “age starting sport” was significant for
“all LQ injuries” and “thigh or knee injuries”. For
female athletes in the combined sample, the area
under the curve associated with all LQ injuries was
0.66 (95% CI: 0.57, 0.76) (Figure 3a) and the area
under the curve associated with thigh or knee injuries was 0.66 (95% CI: 0.55, 0.77) (Figure 3b). All
other measures were dichotomized based on either
mean scores from the combined sample population
or previously reported cutoff scores (for off-season
training variables).27 Univariate logistic regression
was performed to calculate odds ratios (OR) and
95% confidence intervals (CI). Logistic regression
was performed for both the validation sample (per
sex) and for the combined sample (per sex). Risk
profiles were calculated based on region of the body
injured: 1) all injuries (e.g., all LQ injuries), 2) thigh
or knee injuries, and 3) foot or ankle injuries. Data
analysis was performed using SPSS Statistics 23
(Chicago, IL) with the alpha level set at 0.05.
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Figure 3. (a) Receiver Operator Characteristic (ROC) Curve Associated with All Female Athletes (e.g., Combined Sample) and
All LQ Injury during Sport. For this ROC curve: a “smaller” test result (e.g., younger age starting sport) was associated with a
greater risk of injury. (b) Receiver Operator Characteristic (ROC) Curve Associated with All Female Athletes (e.g., Combined
Sample) and Thigh or Knee Injury during Sport. For this ROC curve: a “smaller” test result (e.g., younger age starting sport) was
associated with a greater risk of injury.

RESULTS
Demographic information, off-season training habit
reports, and LEFT scores for subjects in the validation sample and for the combined sample of D III
athletes are presented in Table 1. Male athletes, in
both samples, completed the LEFT significantly
faster than their female counterparts (p ≤ 0.0001).
Male athletes also reported more time devoted to
off-season training in each category except for plyometric training.
In this study, females in the validation study completed the LEFT in 113.1 (± 10.4) seconds and males
completed the LEFT in 98.6 (± 8.1) seconds. Normative data for the LEFT has been previously reported
based on either small sample sizes or for heterogeneous populations. Table 2 presents a comparison of
LEFT scores between this study and prior studies.
Normative LEFT data per sport and gender is presented in Table 3 (this data includes LEFT scores
for the combined sample). For all female D III athletes (n = 210) the mean LEFT score was 115.1 (±
10.6) seconds with a range of 91 to 162 seconds. For
all male D III athletes (n = 185) the mean LEFT

score was 101.6 (± 9.0) seconds with a range of 85
– 135 seconds. In each sex based comparison, males
completed the LEFT significantly faster than their
female counterparts.
A total of 34 non-contact time-loss LQ injuries were
experienced by subjects in the validation sample (n
= 206). Female athletes in the validation sample
experienced 17 total non-contact time-loss LQ injuries with 12 occurring at the thigh or knee region
and five occurring at the ankle or foot. Male athletes
in the validation sample experienced 17 total noncontact time-loss LQ injuries with 14 occurring at
the thigh or knee region and two occurring at the
ankle or foot. For the combined sample (n = 395)
a total of 78 non-contact time-loss LQ injuries were
recorded. Female athletes sustained a total of 22
injuries to the thigh or knee, 17 injuries to the foot or
ankle, and three injuries to other regions of the LQ.
Male athletes sustained a total of 21 injuries to the
thigh or knee, 11 to the foot or ankle, and 4 injuries
to other regions of the LQ.
Odds ratios (OR) associated with the validation sample for female and male populations are presented in
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Table 1. Demographic Information and Lower Extremity Functional Test Scores (Seconds) for Female and
Male Division III Athletes: Sex Based Comparisons for Validation Sample and for Combined Sample.

Table 2. Comparison of Lower Extremity Functional Test Scores (Seconds) between the Current Study
(Validation Sample and Combined Sample) and Previously Reported Populations.

Table 4. No significant relationships between LEFT
measures and cutoff scores were found for either sex;
thus unable to validate the risk profile previously
reported4 for a general D III athlete population.

Odds ratios for the combined sample were calculated
and presented in Tables 5 and 6. Crude OR were calculated for demographics, off-season training habits, and LEFT scores by sex. Table 5 presents OR for
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Table 3. Comparison of Lower Extremity Functional Test Scores (Seconds) between Sexes based
on Sport: Normative Data for 395 Division III Athletes.

Table 4. Odds Ratios for Lower Extremity Functional Test Scores (Seconds) for Division III Athletes:
Validation Sample.

all (e.g., combined sample) female D III athletes.
Only one category was associated with future risk of
injury: age starting sport. Females who started participating in their primary sport at age 11 or older
were significantly less likely (OR = 0.4, 95% CI:
0.2, 0.8; p = 0.01) to experience “any LQ injury” and
less likely (OR = 0.3, 95% CI: 1.4, 10.0; p = 0.009)
to experience a thigh or knee injury. Stated in the
converse, female athletes who were 10 years of age

or younger when starting sport were two times (OR
= 2.4, 95% CI: 1.2, 4.9) more likely to experience
any LQ injury and three times (OR = 3.2, 95% CI:
1.2, 8.1) more likely to experience a thigh or knee
injury). Multivariate regression of demographic,
training, or LEFT scores did not change risk profiles.
Table 6 presents OR for all (e.g., combined sample) male D III athletes. Only one category was

The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 416

Table 5. Crude Odds Ratios for Demographic and Lower Extremity Functional Test Scores for All (Combined Sample)
Female Division III Athletes (N = 210).

associated with future risk of injury: off-season plyometric training. Males who reported performing
plyometric exercises less than three hours a week
were significantly less likely (OR = 0.3, 95% CI: 0.1,
0.9; p = 0.03) to experience a foot or ankle injury. In
other words, males who reported performing greater
than 3 hours per week of plyometric exercises were
four times more likely (OR = 4.0, 95% CI: 1.1, 14.0)
to experience a foot or ankle injury.

DISCUSSION
The primary purpose of this study was to validate or
refute the previously reported4 risk profile for athletes based on their preseason performance of the
LEFT. The results of the current study were not able
to validate the utility of the LEFT as an individual
test to discriminate injury risk. A secondary purpose
to this study was to evaluate demographic variables
as potential risk factors. Only one demographic
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Table 6. Odds Ratios for Demographic and Lower Extremity Functional Test Scores for All (Combined Sample) Male
Division III Athletes (N = 185).

variable (age starting sport ≤ 10 years) was associated with injury risk in female athletes and only one
off-season training category (> 3 hr/week) was associated with injury risk in male athletes.
This study illustrates the importance of performing subsequent prospective cohort studies to assess
preseason FPT measures and future injury risk in
athletic populations. Based on the results in this
study the LEFT should not be used in isolation to

determine risk of injury in a general population of
collegiate athletes.
The LEFT may have utility as a test for either a specific athlete population or as part of battery of tests
for a general population of athletes. For example,
a general population of D III female athletes that
presented with suboptimal scores on a battery of
FPT (shorter standing long jump measures, shorter
single-leg hop for distance measures performed
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bilaterally, and slower LEFT scores) were nine times
more likely to experience a thigh or knee injury
during sport.28 Additional studies are warranted to
identify the LEFT’s predictive utility in either homogeneous sport populations or as one component of a
battery of preseason performance tests.
In addition to assessing the utility of the LEFT as a
predictor of injury, numerous demographic and offseason training variables were assessed for their ability to dichotomize athletes into at risk and lesser risk
groups. For female athletes, the age starting sport
was identified as a risk factor. Interestingly, female
athletes who reported starting sport at a younger age
(10 years of age or earlier) had a greater risk than
those who started playing their primary sport at age
11 or older. A possible explanation for this finding
may be related to sport specialization and the observation that athletes who participate in one sport
experience a greater rate of injury when compared to
those who participate in multiple sports.29-33 Athletes
who start sport participation at a later age may have
been less likely to focus on only one sport throughout their adolescent athletic career. It is important to
note though that information regarding the sport participation history for each athlete was not collected,
thus this finding should be viewed with caution.
For male athletes time spent performing plyometric exercises during the six-week period prior to the
official start of the preseason was associated with
future foot and ankle injury. This finding is contrary to what one might expect. Plyometric training
is considered an important component of athletic
strength and conditioning training programs and
injury prevention programs.34,35 The authors do not
suggest that an athlete or a team should reduce time
devoted to plyometric training. Rather, it is possible
that athletes that devoted more time in the off-season to unsupervised plyometric training devoted
less total time to other forms of training that may
have had a protective effect (e.g., injury protection).
It should be noted that there is a lack of prospective studies assessing the role of training parameters
(e.g., mode of exercise, volume, etc.) and subsequent
risk of injury in a population of D III athletes.
A novel feature of this study is the presentation of
sex and sport specific normative data for the LEFT.

In this study’s validation sample, male athletes completed the LEFT in 98.6 (± 8.1) seconds and female
athletes completed the LEFT in 113.1 (± 10.4) seconds. Healthy female D III athletes, in this study
and in prior studies,4,24 appear to be able to complete
the LEFT faster than originally described.1 This may
be due in part to the sample population from Davies
et al1 (athletic demographics unknown) or the sample’s health status (e.g., recovering from injury vs.
healthy status). Male D III athletes in this study
appear to complete the LEFT in a period of time
similar to those previously reported.1,4,24 The LEFT
is used clinically by rehabilitation professionals to
assess an athlete’s readiness to return to sport.1-3 The
presentation of normative data per sport and sex can
aid clinicians as they make determinations regarding an athlete’s ability to return to sport after a low
back or LE injury.
Limitations
A few limitations to this study are noted. First, the
risk profiles for females (age starting sport) and
males (plyometric training) may be subject to recall
bias. It is possible that an athlete under or overreported training habits or the age that they started
sport. Prospective cohort studies are warranted to
confirm these findings. Second, the risk profiles presented here are for a general population of D III athletes and may not be generalizable to other levels
of competition. Third, as part of this study athletic
exposures (e.g., 1 AE = either participation in one
practice or one game) were collected; however, this
measure of exposure did not quantify exposure per
minutes played (Note: collecting athletic exposures
are necessary to calculate injury rates per LEFT cutoff scores. Injury rates based on cutoff scores were
not calculated because there were no significant relationships between LEFT measures and sports injury
occurrence). It is possible that categorizing athletes
by their LEFT measures and exposures per minutes
played during practice or competition could help discriminate at risk athletes.36 For example, increased
time playing in Division I football games was associated with injury.36 However, increased playing time
may not always be associated with greater injury
risk. In a cohort of male, collegiate basketball players, one being a starter was no more likely to get
injured than their non-starter counterparts.25
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CONCLUSION
A prior study reported an association between preseason LEFT scores and subsequent injury in a general population of D III athletes. However, in this
validation study, the LEFT test failed to discriminate athletes at risk for a sports injury. The LEFT
may provide utility as a preseason performance
test for either specific sport populations or as part
of a battery of tests; however, this requires future
study. Finally, the data presented in this study may
aid rehabilitation professionals when evaluating an
injured athlete’s ability to return to sport by comparing their LEFT score to population norms.
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TWO YEAR ACL REINJURY RATE OF 2.5%: OUTCOMES
REPORT OF THE MEN IN A SECONDARY ACL INJURY
PREVENTION PROGRAM (ACL-SPORTS)
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ABSTRACT
Background: The Anterior Cruciate Ligament-Specialized Post-Operative Return to Sports (ACL-SPORTS) randomized control trial (RCT) examined an evidence-based secondary ACL injury prevention training program,
involving progressive strengthening, agility training, and plyometrics. The RCT examined the benefit of the
training program with and without a neuromuscular training technique called perturbation training.
Hypothesis/Purpose: The purpose of this study was to report the return to sport and second ACL injury incidence outcomes of the men in the ACL-SPORTS trial.
Study Design: Secondary analysis of a RCT
Methods: Forty cutting and pivoting sport male athletes participated in the ACL-SPORTS trial, return to sport
testing, and in follow-up sessions at one and two years after ACL reconstruction. Variables of interest at one and
two years were return to sport, return to preinjury level of sport, and second ACL injuries. Mean time to passing
return to sport criteria, the number of athletes returning to sport and preinjury level of sport and the incidence
proportion of second ACL injuries were calculated.
Results: Athletes passed return to sport criteria 232±99 days after ACLR. One year after ACL reconstruction
95% had returned to sport, 78% at their preinjury level. Two years after ACL reconstruction all athletes had
returned to sport, 95% at their preinjury level and only one athlete had a second ACL injury.
Conclusions: The results of this study indicate that men in the ACL-SPORTS trial had much higher return to
sport rates and much lower second ACL injury rates than those reported in the literature.
Level of Evidence: 1b
Key Words: Anterior cruciate ligament, sport, athletes, return to sport, second injury, rehabilitation
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INTRODUCTION
Before ACL reconstruction, 91% percent of athletes
believe they will return to their preinjury levels of
sport.1 After surgery, only 65% actually return to
that level.2 Athletes who do return to their preinjury
levels are at higher risk for a second ACL injury,
compared to those who do not return or have no
history of ACL injury.3-5 Returning to cutting and
pivoting sports increases an athlete’s odds for an
ipsilateral second ACL injury by 3.9 times and for a
contralateral injury by five times.5 Such low return
to sport and high second ACL injury rates support a
need for targeted secondary ACL injury prevention
and return to sport programs, however to-date there
is a lack of evidence-based programs that report
outcomes.
The training program examined in the Anterior Cruciate Ligament-Specialized Post-Operative Return
to Sports (ACL-SPORTS) single blinded randomized
control trial was developed to be a sport-specific secondary ACL injury prevention program used in the
return to sport phase of ACL reconstruction rehabilitation.6 The training program utilized best practices
from the primary ACL injury prevention literature;
employing multiple exercise modalities during training,7 having multiple training sessions per week8 for
a total training duration ≥30 minutes per week,9 and
modeling after primary ACL injury prevention programs shown to be effective in improving landing
biomechanics in young female athletes10 and reducing primary ACL injuries.11
Both groups in the ACL-SPORTS randomized control
trial received the training program consisting of progressive strengthening, plyometric, agility, and secondary ACL injury prevention exercises. One group
received the training program (SAP group) alone,
while the other received the training program with
the addition of perturbation training (SAP+PERT
group).6,12 Eighty athletes (40 men) participated in
the ACL-SPORTS randomized control trial. Enrollment of men proceeded more quickly than women,
and all of the men reached the two-year study endpoint before the women. Primary outcomes in the
men indicated that at one and two years after ACL
reconstruction there were differences between
the groups in limb symmetry during three dimensional motion analysis of walking gait.13 Further,

there were also no differences between the SAP
and SAP+PERT groups in knee function or patientreported outcomes measures, but both groups had
better outcome scores after training than published
registry data.14 These studies indicated that the SAP
and SAP+PERT groups could be combined in subsequent secondary analyses, such as this study.
As the training program at the heart of the ACLSPORTS trial was designed to be a secondary ACL
injury prevention program used during the return to
sport phase of ACL reconstruction rehabilitation; the
purpose of this study was to determine the return to
sport, return to preinjury level of sport, and second
ACL injury rate of the men who participated in the
ACL-SPORTS trial. The authors hypothesized that
athletes in the ACL-SPORTS trial would have higher
return to sport and lower second ACL injury rates
than those published in the literature.
METHODS
The randomized control trial was approved by the
University of Delaware Institutional Review Board
and registered at clinicaltrials.gov (NCT01773317).
Prior to participation, all athletes gave written
informed consent (or assent if <18 years old with
parent/guardian written informed consent). The
methods of the randomized control trial have been
published previously.6 The current study reports on
only the men (n=40) in the original trial. Data collection and analysis of the 40 women in the trial
is on-going, and will be published in future work.
As this is a publically funded study, the authors
feel it is important to inform the public of the trial
results as they become available, thus have decided
to publish these results as follow-up on the women
continues.
The median age of the athletes was 21.5 (range 15-54
years old), and all athletes were regular participants
(≥50 hours per year) in Level I (n=38) or II (n=2)
15
cutting and pivoting type sports prior to their ACL
injuries.6 As is typical with most athletes,1 all athletes enrolled in the ACL-SPORTS trial intended to
return to their preinjury levels of activity. To collect
a generalized sample, athletes were recruited from
the local community through surgeon and physical therapist referrals, newspaper advertisements,
and word of mouth. Athletes were of various skill

The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 423

Figure 1. CONSORT ﬂow diagram of athletes through study.
As a result of primary outcome studies indicating no difference between athletes who received the training program (SAP) and
athletes who received the training program with perturbation training (SAP+PERT),13,14 particularly in functional measures and
patient reported outcomes the groups were collapsed for analysis.13,14

levels ranging from NCAA Division I (the highest
level of university sports in the United States) to
youth and adult recreational level. ACL reconstructions were performed by 21 experienced orthopedic surgeons, and post-operative rehabilitation was
performed in multiple community physical therapy
clinics. Rehabilitation prior to enrollment was not
standardized, but enrollment criteria were utilized
to ensure a homogenous entry point and athlete
safety. Athletes were enrolled at the point where
they are typically discharged from physical therapy
in the United States; upon achieving activities of
daily living goals and beginning to run. Enrollment
criteria were: three to nine months after unilateral
ACL reconstruction with ≥80% quadriceps strength

limb symmetry (QI), minimal effusion, no pain, full
range of motion, and successful completion of a running progression.6,16 Athletes were excluded (Figure
1) if they had a concomitant >1 cm2 full thickness
chondral defect (assessed via arthroscopy or MRI)
or grade three ligamentous injury (example medial
or lateral collateral ligament), previous ACL reconstruction, a history of major lower extremity injury
or surgery to either limb, or had already returned
to sport. Only six athletes screened for study were
unable to resolve strength, range of motion, effusion, and pain impairments within nine months of
their ACL reconstruction indicating these criteria
were not too stringent or selective (Figure 1). The
primary reason for exclusion from the study were
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Table 1. Exercises performed by each group as part of this study6

a history of a previous ACL reconstruction (n=27),
declining to participate in the study (n=16), and not
being a Level I or II athlete (n=14).
The male athletes in the ACL-SPORTS trial were
enrolled between November 2011 and June

2014. Upon enrollment, athletes were randomized into either the SAP group (n=20, Table 1) or
the SAP+PERT group (n=20). Randomization and
concealed allocation were performed using a random number generator by a research coordinator
(MC) who had no contact with the athletes beyond

The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 425

scheduling. All researchers performing data collections were blinded to group allocation.
For clarity, the term “training program” was used
to refer to the exercises that all athletes performed
regardless of group; Nordic hamstring, standing
squat, drop jump, triple single-leg hopping, tuck
jump exercises and progressive agility drills (Table
1). In accordance with each athlete’s sport, the training program was made sport-specific by incorporating movements, such as throwing or kicking, and
equipment, such as balls or sticks.6 Training was
performed twice a week for five weeks, a total of
ten sessions. Sessions were progressed according to
soreness and effusion guidelines (Appendix B),6,16
and supervised by a physical therapist from the University of Delaware Physical Therapy Clinic. Where
needed, therapists educated the athletes on correct
landing technique and lower extremity alignment
during exercises, particularly avoiding knee valgus
collapse.
Upon completion of the program all athletes were
required to pass return to sports criteria before being
cleared to begin to return to sport/activity. These
criteria were ≥90% quadriceps strength limb symmetry index (measured isometrically on an electromechanical dynamometer6), ≥90% limb symmetry
index on four single-legged hop tests (single, crossover, and triple hops for distance and the six meter
timed hop tests),17 and ≥90% scores on the Knee
Outcomes Survey-Activities of Daily Living Scale
(KOS-ADLS)18 and the global rating of perceived
knee function (global rating). These criteria have
been used in previous studies,3,19 and achieving
≥90% limb symmetry is not uncommon in the literature.16,20,21 The number of days from ACL reconstruction to passing the return to sport criteria was
recorded. If an athlete did not pass the criteria on
the first attempt, a detailed progressive home exercise program was prescribed to address the athlete’s
deficits and they were retested in approximately
one month. Once athletes were cleared to return to
sport they were given instructions on how to gradually acclimatize to sport, starting with returning to
training without contact, then introducing contact in
controlled small groups, progressing to full contact
during training sessions and eventually full participation in games.16

As part of a comprehensive clinical follow-up, one
and two years after ACL reconstruction athletes
answered the questions “Have you returned to sports
or recreational activities?” and “Have you returned
to the same level of sports or recreational activities
as before your injury?” Athletes also reported if they
had sustained a second ACL injury (contralateral or
graft rupture). Only two of the 40 men were unable
to participate in follow-up sessions in-person but
were contacted and answered via telephone.
As previous work examining the primary functional
and biomechanical outcomes at one and two years
after ACL reconstruction indicated no difference
between groups,13,14 the SAP and SAP+PERT groups
were combined for analysis of return to sport and
second ACL injury outcomes. Demographic and
anthropometric data, such as age, height, weight,
mechanism of injury, and graft type were compiled,
and mean time to passing the return to sport criteria,
return to sport and return to preinjury level of sport
rates were calculated. The incidence proportion of
second ACL injuries was also calculated by dividing
the number of second ACL injuries by the number of
men in the ACL-SPORTS study. Means and standard
deviations were calculated using Microsoft Excel
(Redmond, Washington, USA).
RESULTS
Forty men were enrolled and completed all ten
sessions of the training program with no adverse
events. (Table 2) The most common sports that subjects participated in were soccer, basketball, American football, lacrosse, ultimate frisbee, flag football,
and ice hockey.
Return to sport: The mean time to passing return
to sport criteria was 232 ± 99 days (~7.5 months)
after ACL reconstruction. One year after ACL reconstruction all but two (95%) athletes had returned to
sport at some level (Table 3). One athlete had not
yet passed the return to sport criteria, and the other
cited changes in lifestyle/not enough time.
Seven other athletes had not returned to their preinjury level of sport. Three cited fear of reinjury as
their reason. Two of the three athletes citing fear had
returned to Level III activities (low level jogging and
weight lifting) but had not been cleared to return to
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Table 2. Demographics and anthropometrics

Table 3. Number of athletes who returned to sport
and preinjury level of activity at each time point

their preinjury level as they had not yet passed the
return to sport criteria. The other reasons cited for
not returning to preinjury level of sport were swelling (1), not enough time (2), and waiting for final
clearance from surgeon (1).
At two years all athletes had returned to sport (Table
3), and only two athletes had not returned to their
preinjury level. One of these athletes cited not
enough time, the other cited fear of reinjury and
although he had returned to level III sports, he had
not yet passed return to sport criteria.
Second ACL injury: Only one athlete had a second
ACL injury. This injury was a graft rupture (allograft)
in a 32-year-old. The overall incidence proportion of
second ACL injuries was 0.025 injuries/athlete.
DISCUSSION
All athletes in the ACL-SPORTS trial participated in
a secondary ACL injury prevention training program
designed for use during the return to sport phase of
ACL reconstruction rehabilitation. The training program involved ten sessions over five weeks. Each
session lasted approximately 60-90 minutes and
could be performed in a clinic or on a field/court. As

athletes in the United States are typically discharged
from physical therapy when they begin basic athletic
tasks, such as running; the program was designed
to introduce higher-level athletic movements and
guide an athlete towards a safe return to sport. The
results of the current study indicate that in the first
two years after ACL reconstruction all of the men
who participated in the ACL-SPORTS trial returned to
sport, 95% returned to their preinjury level of sport,
and only one experienced a second ACL injury. The
findings of this study indicate that the training program may be beneficial for men who wish to safely
return to sport after ACL reconstruction.
Return to sport: A 2011 meta-analysis reported that
77% of athletes attempt to return to sport in the
first year after ACL reconstruction.22 In the current
study, at one year 95% of athletes had returned to
sport at some level, and 78% had already returned
to their preinjury levels. A 2014 meta-analysis of
return to sport rates found that over the five to seven
years after ACL reconstruction 81% of athletes had
returned to some level of activity, but only 65%
returned to their preinjury level.2 More recently,
Failla et al.23 described a cohort similar in demographics and athletic participation to the one in this
study, a subgroup of Multicenter Orthopedic Outcomes Network (MOON) cohort. The return to preinjury level of sport rate in that MOON subgroup at
two years after ACL reconstruction was 63%. In contrast, by two years after ACL reconstruction 100%
of athletes in this study had returned to sport, and
95% had returned to their preinjury level, 37 of 38
to Level I sports.
Studies with return to sport rates as high as those
in this study have been published, but are in samples of elite or professional athletes. Waldén et al.24
reported that in elite level soccer 94% of athletes
returned to training and 89% returned to match
play within one year of their ACL reconstruction.
A 2017 meta-analysis found a pooled return to sport
rate of 83% for elite athletes, with a 5.3% second
ACL injury rate.25 Elite athletes are known to return
to play at higher rates than athletes at lower levels2
though, potentially because they may receive higher
quality or have more frequent access to physical
therapy.26 The results of this study demonstrate that
high return to sport rates are not limited to elite
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level athletes. The cohort in this study had a diverse
array of skill levels, ranging from NCAA Division I
athletes to high school level players and recreational
level adult league participants. Thus, these results
suggest that in a general athletic population the
rehabilitation involved in the training program may
help male athletes return to sport at a higher rate
than that reported in the current literature.
Second ACL injury: Second ACL injury rates in young
athletes range between 23-36%.5,27-29 The current
study found a second ACL injury incidence of 2.5%.
No second ACL injuries occurred in the first year after
ACL reconstruction, a known high-risk window.27,30
The only second ACL injury, an ipsilateral allograft
injury in a 32-year-old soccer player, occurred late in
the second post-operative year. Allografts are known
to have a higher risk for graft ruptures compared to
autografts.27 Although the injury was non-contact,
the athlete attributed the injury to the uneven surface of the soccer field. Following his reinjury, the
athlete had no episodes of giving way and met the
criteria for non-operative ACL injury treatment.32,33
He returned to his preinjury level of sport within
one year of his second ACL injury and remains at
this level, non-operatively managed, three years
later; suggesting that neuromuscular control was
not the primary contributor to this injury. The low
rate of second ACL injuries in this study compared
to the previous literature indicates that the training
program in the ACL-SPORTS trial may be beneficial
in secondary ACL injury prevention in men.
There are additional factors beyond the exercise
components that could be contributing to the success of the training program. The enrollment criteria
ensured that athletes were safe to perform the exercises involved in the training program. Each athlete
was required to pass strict return to sport criteria,
prior to returning to their preinjury level of sport.
Previous authors have shown that passing these
return to sport criteria can reduce the risk of reinjury.3 Further, each athlete performed a course of
post-operative rehabilitation, followed by the training program, and then were required to pass return
to sport criteria. This sequence meant that most athletes passed the return to sport criteria around 7.5
months, likely returning to their preinjury level in
the ensuing weeks as they completed their gradual

acclimatization. Time delays between ACL reconstruction and return to sport may also have implications for reinjury.3 Future research should examine
the implications of each of these factors, but they do
not detract from the results of this study. When used
together, enrollment criteria, the training program,
and strict return to sport criteria produced higher
return to sport and lower second ACL injury rates
than those available in the published literature.
Strengths and Limitations: This study only examined
the outcomes of the 40 men in the randomized control trial. Second ACL injury risk is higher in women
than men,27,30 and future analyses will examine
the results of the women in the ACL-SPORTS randomized control trial. Further prospective studies
examining the training program in other, particularly larger, cohorts are needed to discern second
ACL injury rates as well as to compare this program
to other return to sport programs. This study also
relied on athletes’ self-report for return to sport and
second injury data and did not include exposure
data. A strength of this study is its sample. Athletes
came from a variety of surgeons and performed
their post-operative physical therapy in a number
of different community clinics, making the cohort
generalizable. The study set reasonable enrollment criteria, to ensure athletes had a standardized
entry point into the study, were safe to perform the
advanced sport-related tasks but were not selective
of only elite or high performing athletes. The generalizability of this cohort, combined with the enrollment criteria, the training program, and the strict
return to sport criteria mean that the results of this
study have good external validity, and can be implemented clinically.
CONCLUSIONS
In conclusion, all of male athletes enrolled in the
ACL-SPORTS trial returned to sport at some level and
95% returned to their preinjury level (39/40, 37/38
to Level I sports) with only one athlete sustaining a
second ACL injury in the two years after ACL reconstruction. These results when compared to previous
literature demonstrate much higher return to sport
and much lower second ACL injury rates. Previous studies have shown that men who participated
in the ACL-SPORTS trial had higher knee function
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and patient reported outcome measure scores than
published registry data one and two years after ACL
reconstruction.14 Combined with the results of this
study, it seems that the training program examined
in the ACL-SPORTS trial may be a beneficial return to
sport phase ACL reconstruction rehabilitation intervention for men who wish to safely return to sport.
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INFLUENCE OF ANTERIOR CRUCIATE LIGAMENT
RECONSTRUCTION ON DYNAMIC POSTURAL
CONTROL
Becky Heinert, MS, PT, SCS1,3
Kari Willett, SPT2
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ABSTRACT
Background: Athletes that have had anterior cruciate ligament (ACL) reconstruction are at a greater risk for reinjury. The
relationship between ACL reconstruction and the dynamic postural sway index (DPSI) has not yet been examined.
Hypothesis/Purpose: The purpose of this study was to examine the DPSI in a surgically reconstructed ACL limb compared
to the uninjured leg in athletes that had been cleared for sport. It was hypothesized that in a bilateral limb comparison, the
leg that underwent ACL reconstruction would demonstrate poorer postural stability measures (greater DPSI) during a single
leg landing activity as compared to the non-surgical limb.
Design: Case-control study.
Methods: 14 subjects (7 male, 7 female; age range 16-23 years) with a history of unilateral ACL reconstruction and clearance
for return to sport (mean 14 months post-operatively, range 8 to 24 months) performed five single leg hops over a 12 inch
hurdle in the anterior direction from a distance corresponding with 40% of their height, onto a force platform. DPSI for the
medial-lateral, anterior-posterior, vertical directions and a composite score were calculated for each trial on the surgical and
non-surgical legs. A multivariate analysis with repeated measures was used to compare surgical and non-surgical legs for the
total DPSI measure as well as for each component.
Results: Significant differences (p < .05) in dynamic postural stability were observed in the medial-lateral, anterior-posterior, vertical indices and DPSI total between the surgical and non-surgical limb.
Conclusion: Deficits in dynamic postural control persist in ACL-reconstructed limbs compared to the non-surgical limb
after the clearance for full activity. Clinicians should consider assessing single limb dynamic stability prior to releasing the
athlete back to full activity.
Level of evidence: Level 3
Keywords: Anterior cruciate ligament, Dynamic postural stability index, kinetics, single limb hop
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INTRODUCTION
Athletes that have sustained a tear to the anterior
cruciate ligament (ACL) and return to sport after surgical reconstruction appear to be at a greater risk for
ACL re-injury. The recurrence rate for a second ACL
tear has been estimated to be between 6-25% within
five years following reconstruction, with nearly 50%
occurring in the contralateral limb, the majority as
non-contact injuries.1 Factors such as altered knee
proprioception, decreased lower extremity strength,
poor neuromuscular control, performance flaws in
the biomechanics of landing, poor postural stability
and fear avoidance beliefs have all been implicated
in this greater risk of re-injury.2–11
In a clinical setting, postural stability is often determined statically as the athlete attempts to maintain
their center of mass over a stationary base of support by comparing the amount of time that the individual can maintain their balance on their injured
vs. non-injured limb.12 This is used to assess lower
extremity proprioceptive deficits. These measures
are often incorporated in school and clinical settings
because of the relative ease in which they can be
administered and interpreted without sophisticated
equipment. However, static postural stability measures alone have been described as insensitive, nonfunctional, and poorly related to dynamic values.12–16
Alternatively, a measure that requires the individual
to maintain their center of gravity over a base of support when moving or when an external perturbation
is applied to the body may be a more challenging and
sensitive method to assess changes in the limb’s proprioceptive capabilities. Paterno et al.3 reported deficits in dynamic postural stability that were predictive
of a second ACL injury in surgically reconstructed
participants using a Balance system with a moveable
platform. However, since the majority of injuries to
the ACL are non-contact and are often associated
with more dynamic activities such landing, cutting
or deceleration, it may be of greater value to assess
postural stability during activities that are dynamic
and more closely mimic the athletic activity.
Two methods are often used in measuring dynamic
lower extremity postural control. The Dynamic Postural Sway Index (DPSI) measures limb stability using
a single leg hop test onto a force plate. The DPSI is a
highly reliable assessment (ICC = 0.96) and provides

a composite score of anterior-posterior, medial-lateral, and vertical stability indices bases on the ground
reaction forces.17 This metric was developed with
the underlying premise that dynamic postural stability largely depends on lower extremity kinematics, muscle activation and eccentric control utilized
in landing.17 Time to Stabilization (TTS) is another
dynamic postural stability measure with good reliability that has been used to assess landing activities
(ICC=.65-.79).16 TTS is defined as the time required to
minimize resultant ground reaction forces of a jump
landing to within a range of the baseline, or static
ground reaction force. TTS also provides information
on directional forces occurring during landing (anterior-posterior, medial-lateral, and vertical), however
the TTS methods utilize no composite score which
may preclude observations regarding global changes
in dynamic limb stability.17 DPSI is considered a more
reliable and precise measure of dynamic postural stability than TTS during a single leg hop activity.17
To date, no previous studies have evaluated postural
stability in the ACL reconstructed population using
DPSI methods. It is hypothesized that in a bilateral
limb comparison, the leg that underwent ACL reconstruction would demonstrate poorer postural stability
measures (greater DPSI) during a single leg landing
activity as compared to the non-surgical limb.
METHODS
Subjects
All subjects or their parents provided their signed
informed consent prior to participation approved by
the university institutional review board. Fourteen
subjects were recruited from the local area into the
ACL reconstructed (ACLR) group each had received
their surgical intervention within the prior two years
and having received full clearance for athletic activity by their physician and physical therapist. All had
some physical therapy intervention after surgery but
all did not use the same surgeon nor therapist for treatment. Subjects were excluded from the study if they
were experiencing any lower extremity or back pain.
Procedures
Upon arrival to the laboratory, anthropometric data were
collected including height, weight, and activity level. All
subjects were issued standardized footwear (625 New
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Figure 1. Dynamic postural control index is calculated based on the performer hopping with both legs over a 12” barrier and
landing on one leg with either their surgical or non-surgical limb.

Balance, Boston, MA) and completed a five minute
warm up on a stationary bicycle at a self-selected speed.
The subjects were asked to perform five successful
single landings over a 12 inch hurdle in the anterior
direction (Figure 1) onto a force platform sampled
at 1200 Hz (Bertec Corp, Columbus, OH). The participants began from a distance corresponding with
40% of their height to the force platform. They were
allowed to use their arms to propel themselves over
the barrier and assist with obtaining postural control.
Participants were given instructions to place their
hands on their hips immediately following stabilization and hold that position for 10 seconds. If the subject flailed their arms during the terminal stabilization
period, missed the force plate, made contact with the
hurdle, touched the ground with the opposite leg or
jumped with a single leg, the trial was repeated. Five
trials were selected as this number has been shown to
provide excellent reliability during similar single leg
hop tasks for dynamic postural control indices (ICC
= 0.90-0.97).17 Prior to data collection, subjects were
allowed as many practice sessions as needed in order
to become familiar with the testing procedure. The
order of the limb tested was randomized.
Analysis
Force data were filtered using a zero-lag fourth order
low pass Butterworth filter with a 20 Hz cutoff frequency. Directional postural stability indices (ML,
AP and vertical) and the composite dynamic postural

stability index (DPSI) were calculated for the five trials
for each leg (surgical and non-surgical). For each condition, mean postural stability indices of five trials were
exported for statistical analysis. The first three seconds
of the GRF data after impact, defined as the instant
the vertical GRF exceeds 10N, was used to calculate a
postural stability index in the ML, AP, and vertical (V)
directions for each trial using the following root mean
square equations presented by Wikstrom et al.17

ML PSI = √∑⌠(0- GRFx)²/ number of
data points⌡
AP PSI = √∑⌠(0- GRFy)²/ number of
data points⌡
V PSI = √∑⌠(body weight- GRFz)²/
number of data points⌡
where GRFx corresponds to the mediolateral GRF
data, GRFy corresponds to the anteroposterior GRF
data, and GRFz corresponds to the vertical GRF data.
A composite dynamic postural stability index (DPSI)
was calculated using the following equation:

DPSI = √⌠∑(0- GRFx)² + ∑(0- GRFy)² +
∑(body weight- GRFz)² / number
of data points⌡.
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A multivariate analysis with repeated measures was
used to compare between the surgical and non-surgical leg for each DPSI component (ML PSI, AP PSI,
V PSI) as well as the total DPSI with alpha set to 0.05.
Follow up univariate tests (paired t-tests) were then
performed separately on each DPSI component and
total using the Bonferoni procedure.
RESULTS
Group demographics are reported in Table 1. Seven
males and seven females participated in the study.
The mean age of the subjects was 19 years (1623), mean height of 171.1±9.0 cm, mean weight of
76.5±18.9 kg and mean Tegner score of 6±2. Six
participants had patellar tendon autografts, seven
participants had hamstring autografts, and one participant had a hamstring allograft. The average time
from surgery was approximately 14 months with a
range of 8 to 24 months.
Multivariate analysis showed a difference between
limbs (Wilk’s lambda = .002, p<0.05). Follow up
univariate tests indicated that there were differences in all directional, dynamic postural stability
indexes between the surgical and non-surgical limb
for each direction as well as for the total score (p
< .05) (Table 2). The indexes were higher on the

surgical side by 24% in the medial-lateral direction,
9% in the anterior-posterior direction, 12% for vertical direction and 12% for the total DPSI.
DISCUSSION
Athletes that have had an ACL reconstruction appear
to demonstrate differences in dynamic postural stability during a single limb jump-landing activity on
their surgical limb when compared to their nonsurgical limb within two years post-surgery. The
participants in the current study demonstrated differences in DPSI total scores as well as all directional
components.
The findings of the present study appear to be similar
to Webster et al.18 who reported deficits in TTS during a single leg maximum vertical hop and forward
jump in Division I female athletes who had undergone ACL reconstruction compared to uninjured
controls. In their analysis, the ACL reconstructed
group took 0.11 seconds longer to stabilize after a
jump landing as compared to the control group.
These authors reported that their strong effect size
suggested that this difference was clinically important and that athletes who have completed their
rehabilitation and are cleared for sport may still lack
the appropriate level of postural stability during a

Table 1. Demographic data for 14 participants
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Table 2. Means (± Standard Deviation) in
Newtons for dynamic postural stability indices
(Medial-lateral, Anterior-Posterior, Vertical and
Total) in the non-surgical and surgical legs for
Anterior Cruciate Ligament Reconstructed participants while landing during a single-leg hop test

task that mimics sport. The testing protocol in the
current study was similar to Sell12 who compared the
standard deviation in force platform static variables
of force with eyes open and closed to the DPSI in
healthy athletes during a barrier jump. However, the
mean total DPSI for the healthy subject’s dominant
leg in their investigation was 348 whereas in the current study the mean of the uninjured limb was 436
indicating poorer dynamic postural control overall.
Similarly, Mohammadi et al.5 studied the relationship between static and dynamic postural stability in
athletes an average of eight months after ACL reconstruction and reported differences in the surgical
limb compared to the uninjured limb and compared
to healthy controls for all parameters of postural stability including anterior-posterior and medial and
lateral amplitude and velocity. Furthermore, the
loading rates on the ACL reconstructed limb during
a drop landing was approximately 45% greater than
on the non-injured limb. These authors suggested
that presence of residual postural stability asymmetries may predispose athletes to future re-injury. Differences in loading rates during dynamic tasks were
also reported by Pratt and Sigward19 in subjects 6-24
months after ACL reconstruction during single leg
landing and running activities. The authors reported
that the surgical limb peak power absorption was
approximately 50% less than the uninjured limb and
suggested that the ACL reconstructed subjects may
be reluctant or unable to dynamically accommodate
the forces at the knee. Although knee loading patterns were not specifically measured in the current

study, subjects demonstrated greater vertical component of the DPSI which may indicate greater knee
stiffness. It is plausible that the demands required
during a single leg deceleration activity may be
too great for the ACL reconstructed limb and could
result in a landing pattern that is stiffer and require
increased dynamic postural movements from other
segments as the body attempts to stabilize the leg. To
address this, clinicians should consider incorporating exercises that require adaptation to various loading variables such as during progressive plyometric
training during the rehabilitation of the ACL reconstructed athlete. However, the relationship between
knee loading variables and postural stability during
dynamic activities requires further investigation.
Although time to stabilization has been used to provide information on dynamic postural stability and
motor control in populations effected by ACL injury
and functional ankle instability,5,13,17,18 its relationship to DPSI in the ACL population is currently
unknown. Intuitively, one would expect some relationship. However, in their comparison of dynamic
control measures in injured runners, Meardon et al.20
reported no differences in stability measures of the
injured limb using the star excursion test or TTS during a single leg barrier jump but reported differences
in the vertical postural stability index and DPSI composite scores. To date, there are no published studies
that have utilized the DPSI to assess dynamic postural
stability during single limb landing in the ACL reconstructed sample. Because the DPSI includes a global
score as well as multiple directional force attenuation components (anterior-posterior, medial-lateral
sway and vertical force), it may provide a comprehensive depiction of specific dynamic postural sway
deficits that the athlete utilized to absorb ground
reaction forces in landing. This may serve to better
guide decisions regarding an athlete’s readiness for
return to play. It appears that that these ACL reconstructed participants had a poorer total DPSI as well
poorer outcomes during each component. However,
the cause and relevance of the directional component
differences are currently unknown and may be influenced by individual differences in lower extremity
strength, calf flexibility, innate foot architecture and
previous injury history including chronic ankle instability which has previously been related to decreased
dynamic balance using TTS and DPSI measures.14,21
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Changes in knee proprioception after ACL injury
and post reconstruction have been widely reported
within the literature.3,5,18,22,23 The ACL mechanoreceptors are thought to provide direct afferent information to the spinal cord and supraspinal area regarding
joint position, knee motion, and tissue deformation.5
Schutte et al.22 reported the neurologic composition
of the ACL include neural connections from the
ACL to the spinal cord and supraspinal areas. Following reconstruction of the ligament, restoration of
the sensory function may not fully recover. Young
et al.24 found no evidence of mechanoreceptor reinnervation in reconstructed ACLs an average of 6.9
years after surgery. This lack of sensory input may
influence dynamic postural stability and movement
strategies in the ACL reconstructed athlete.
The most commonly described methods of measuring knee proprioception are joint position sense and
threshold to detect movement.25–27 Despite the general agreement regarding the loss of the proprioceptive mechanoreceptors from the native ACL after
ACL reconstruction, the validity of the current testing strategies to measure this change continues to be
debated.23,27,28 Relph and Herrington23,29 reported differences in knee joint position sense as measured in
the ability to actively reproduce knee joint position
after passive positioning in two separate investigations while Littmann et al.26 reported no difference
after ACL reconstruction. In a meta-analysis of proprioception acuity measures following ACL injury,
Gokeler et al.27 concluded that there is limited evidence that proprioceptive deficits as detected by
the commonly used tests adversely affect function
in subjects returning to sports. Likewise, Relph and
Herrington23 reported that the minor differences
in knee proprioceptive sense may not influence
performance or the likelihood of a second injury.
Therefore, the application of the DPSI to the ACL
population may provide a more clinically relevant
assessment tool that could provide a link between
biomechanical and neurosensory characteristics in
a more dynamic and challenging environment.
The relationship between ACL re-injury and some
aspects of postural stability have been previously
examined. Paterno et al.3, reported that individuals
with residual balance deficits in their surgical knee
as compared to the non-surgical limb were twice

as likely to sustain a second injury to the ACL as
compared to those without postural differences.
Their study used a Biodex Balance System to evaluate unilateral postural stability while standing on a
force plate. Although this system uses a moveable
force platform, it still may be considered a more
static examination of postural sway with debatable
application or relationship to a more dynamic, sportspecific task. Previous authors have also reported a
poor relationship between static and dynamic postural stability measures.12,16,21 Sell12 reported very
poor correlations (r= .05-.23) between static and
dynamic measures of postural stability in healthy
adults using a single leg balance test with eyes
open and eyes closed compared to the DPSI measures from a forward and lateral hop. In their study
of athletes with functional ankle instability, Ross et
al.16 reported poor to moderate reliability for anterior-posterior (ICC=.32) and medial-lateral sway
(ICC=.60) during single leg standing while TTS following a single leg vertical jump in the same subjects displayed either poor to moderate reliability
(ICC=.61) for anterior-posterior and .80 for mediallateral force components. Together, these findings
may suggest that assessing dynamic postural stability during a dynamic task may be a more sensitive
means of determining balance deficits. However,
the relationship between the dynamic postural control indices and ACL re-injury certainly warrants further investigation.
Participants in the present investigation displayed
greater vertical postural instability in the surgical
limb suggesting that the ACL reconstructed extremity was not able to attenuate the vertical ground
reaction force as well compared to the non-surgical
side. In addition to the sensorimotor adaptations that
presumably occur following ACL reconstruction,
changes in the ability to absorb the vertical ground
reaction forces may be related to alterations in lower
extremity joint moments and muscle activation patterns that were not examined in the current study.
Numerous studies have reported changes in landing patterns after ACL reconstruction.3,30–34 Lower
extremity asymmetries between limbs including
decreases in knee extension moments, changes in
peak vertical ground reaction forces and loading
rates have been well-documented in the ACL reconstructed patient.30–33 Furthermore, these differences
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appear to persist for even 2-3.5 years post ACL reconstruction.5,33 Although the relationship between
deficits in dynamic postural control and lower
extremity force production was not directly studied in the present investigation, it is plausible that
lower extremity compensatory mechanisms may
be required to achieve single limb stability due to
interruption of the normal sensorimotor planning
required for high level coordinated movements.
Nyland et al.35 suggested that altered afferent feedback may result in the motor cortex propagating a
modified motor plan that is more reliant on proximal and distal segments such as the hip or ankle
complex. Compensatory movement patterns such as
excessive truncal movements, hip internal rotation,
increased knee valgus and decreased knee flexion
angles may be present during landing as the proximal stabilizers are required greater role in dynamic
stability.3,30,36,37 Altered sensorimotor programming
may also influence the ability of the surgical limb to
generate force and power production that are necessary during athletic activities. A stiffer landing
pattern due to deficits in quadriceps or hamstring
recruitment or greater reliance of the gastrocnemius
during jumping may be observed in athletes as they
transition to sports-related activities.3,30,33,37–40 Dai et
al.31 also reported decreases in knee joint moments
in ACL reconstructed subjects, suggesting that these
changes may be attributed to deficits in dynamic
strength, muscle inhibition, altered neuromuscular function or fear avoidance beliefs. These factors
may influence an athlete’s ability to return to a previous level of sport and play a role in the incidence
of a second ACL.
Myer et al.9 compared the effects of plyometric
versus dynamic stabilization balance training on
power, balance, and landing force in healthy female
athletes. They reported that both types of training
programs are effective at increasing measures of
neuromuscular power by improvements in vertical jump performance (approximately 4 centimeters in the balance group and 2.5 centimeters in
the plyometric group), and an average increase of
11.6% greater torque of the knee flexors measured
isokinetically. However, differences were shown in
lower extremity force attenuation in the dominant
leg with the balance group having a 7% decrease in
impact force whereas the plyometric group had a

7.6% increase. Both training groups demonstrated a
decrease in medial-lateral single leg sway after landing from a single leg hop with their dominant leg.
These authors suggested that the absence of balance
and dynamic control activities where subjects are
required to control their landing may have had influence on force dissipation during single limb landing.9 In the present study, the relationship between
DPSI and the surgical limb’s ability to generate the
power performance measures important to sports
performance was not examined. The persistence of
limb differences in dynamic postural stability may
predispose ACL reconstructed athletes to re-injury
and should likely need to be considered when determining readiness for a full return to sport. Furthermore, the relationship between the DPSI and athletic
performance factors important for the return to play
appears to warrant future investigation.
CONCLUSION
The results of the present investigation indicate that
deficits in dynamic postural control as measured
during a single limb landing persist in ACL-reconstructed limbs compared to the non-surgical limb
after the clearance for full activity. These deficits
may lead to abnormal landing patterns that may
place the athlete at risk for re-injury. These findings
appear to support the assessment of dynamic postural control measures prior to the return to sport.
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ABSTRACT
Background: Lower extremity overuse injuries, including bone stress injuries (BSI), are common in runners and may result in
prolonged recovery and time off from running. Identifying risk factors for running-related overuse injuries may have a clinically
relevant role in prevention of these injuries.
Purpose: The purpose of this study was to compare an adolescent and young adult population of male runners known to have a
history of BSI with an injury-free cohort and retrospectively assess for kinematic differences that may differentiate the two cohorts
Study Design: Controlled laboratory case control investigation
Level of Evidence: Level 3
Methods: 25 male high school and collegiate cross-country runners were enrolled. Ten self-reported a prior history of BSI consisting of lower extremity stress fracture or shin splints/medial tibial stress syndrome and were categorized as injured (INJ). Fifteen
self-reported no prior history of lower extremity injury and were categorized as uninjured (UNINJ). All runners were pain-free at
time of testing. Runners ran at a self-selected speed on a treadmill with retro-reflective markers attached to thorax, pelvis, and each
lower extremity segment. Three-dimensional kinematic calculations were made during stance phase (initial treadmill heel contact
to toe off) and averaged over 20 steps. One-way ANCOVA was used to compare kinematic differences at the hip and knee between
the INJ and UNINJ cohort.
Results: Runners in the INJ group demonstrated greater peak hip flexion during stance phase on both the right limb
[INJ=32.5°(±3.8°) vs. UNINJ=26.9°(±4.6°); p<0.01] and the left limb [INJ=31.2°(±4.8°) vs. UNINJ=26.8°(±3.1°); p=0.01]
when compared to the UNINJ group. No significant difference in step length or step rate between the INJ and UNINJ cohorts was
noted when normalized to height and weight (p=0.39 and 0.39).
Conclusions: The results of this study demonstrate increased peak stance phase hip flexion in a population of young adult male
runners with a previous history of BSI. This association may represent an important preliminary finding in the development of a clinically relevant tool to identify risk of BSI. Due to the retrospective nature of this study, future prospective investigations are warranted
to validate these findings to determine if these alterations are compensatory following an injury or predictive of a future injury.
Keywords: Bone stress injury, kinematics, running
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INTRODUCTION
Injuries in the running population are common,
with estimates of 17-79% of runners affected.1 Of
particular concern is the high rate of injuries in
young athletes, with high school cross-country runners reported to have an annual incidence of injury
as high as 17 per 1000 athletic exposures.2 Overuse
injuries involving bone, often referred to as bone
stress injury (BSI), occur along a spectrum of disorders starting with stress reaction and progressing
to stress fracture and complete bone fracture as the
repetitive loading stresses on the bone exceeds the
bone’s capacity to repair itself.3 In high school athletes participating in cross-country and/or track and
field teams, previous injuries were reported by 68%
of female subjects and 59% of male subjects.4
While the etiology of such injuries is likely multifactorial and involves both extrinsic and intrinsic
factors, the identification of altered kinematics for
BSI may have a clinically relevant role in prevention. Given that the micro-damage to the bone in
BSI is a product of both frequency of loading as well
as the intensity of loading, training errors such as
increased training intensity, longer running distance, and rapid increases in mileage, have been
cited as consistent contributors to BSI.5 A frequently
noted stress reaction afflicting distance runners is
medial tibial stress syndrome (MTSS) which can
progress to a tibial stress fracture if bone stress
continues to exceed bone repair and healing. Previous studies have identified specific risk factors that
may contribute to MTSS, including prior history of
MTSS, female gender, less running experience, use
of orthotics, increased BMI, and, in males, increased
hip external rotation range of motion (ROM).6,7 Various kinematic and kinetic factors implicated in tibial
stress fractures in adult females include increased
peak hip adduction, absolute free moment, peak
rear-foot eversion, and vertical loading rates.8,9 It is
not known, however, whether these factors are associated with tibial stress fracture risk in adolescent
and young adult male long-distance runners.
Longer step lengths have also been linked to an
increased probability of developing tibial stress fractures.10 The vertical impact and loading rates at the
tibia are higher with longer step lengths11,12,13 which
increase the bone strain. In contrast, manipulation

of step rates above preferred rates with a concomitant decrease in step length results in a significant
reduction in vertical impact peak, vertical instantaneous loading rate, and vertical average loading
rate.13 Kinematic changes are observed in the lower
extremities of runners who self-select lower step
rates, including longer step length, increased peak
hip flexion, decreased knee flexion at initial contact (IC), and increased peak knee flexion.14 These
changes place the foot in front of the center of mass
at IC in a position of over-striding, decreasing the
capacity to absorb and attenuate ground reaction
forces, and increasing the risk for BSI.14
While previous studies of running injuries have
mostly focused on adults, females, and military populations,15,16 there are relatively few studies specifically comparing the running kinematics of previously
injured and uninjured high school and collegiate
long-distance runners. The purpose of this study was
to compare an adolescent and young adult population of male runners known to have a history of BSI
with an injury-free cohort and retrospectively assess
for kinematic differences that may differentiate the
two cohorts. It was hypothesized that runners with
a previous BSI would demonstrate unique sagittal
plane running kinematics at the hip and knee, as
well as a lower step rate and increased step length,
when compared to a previously uninjured cohort.
METHODS
Participants
Twenty-five male high school (n=11) and collegiate
(n=14) cross-country runners participated in this
study. The age, height, mass, and BMI for the participants are listed in Table 1. Informed written consent
was obtained from each subject in accordance with
the protocol approved by the Institutional Review
Board at Cincinnati Children’s Hospital Medical
Center. Data were collected immediately prior to
the fall cross-country season for each athlete. Athletes met inclusion criteria if they were currently
participating on a high school or collegiate crosscountry team and free from pain during testing, by
self-report. Athletes were excluded from the study if
they were currently under medical supervision and
had not been fully cleared to participate in a structured running program.
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Table 1. Subject Demographics.

At the start of the study protocol, participants
were asked to complete a survey developed by the
research team to report their history of previous
shin splints (MTSS), exertional compartment syndrome, and lower extremity stress fractures (tibia,
fibula, femur, metatarsal, navicular, or pelvis) and
weekly mileage (Appendix 1). Study data were collected and managed using REDCap electronic data
capture tools hosted at Cincinnati Children’s Hospital.17 Ten runners self-reported a prior history of tibial stress fracture and/or MTSS (INJ group). No prior
history of lower extremity injury (UNINJ group) was
reported by 15 of the participants.
Kinematic data collection
Lower extremity 3D kinematics during running
using a self-selected speed on a custom-built treadmill were calculated as previously described.18 The
average speed was 3.8 (±0.2) m·sec-1 (UNINJ) and
3.8 (±0.2) m·sec-1 (INJ) (p=0.592), which corresponds to a light training pace of 7.0 min·mile-1.
Following an acclimation period of three to five
minutes, a one-minute trial was collected. All participants were provided with a standard Adidas neutral
running shoe during data collection.
Reflective markers were placed on the thorax (posterior cluster of 3 markers), pelvis (right ASIS, left
ASIS, and sacrum), and each lower extremity segment (thigh, shank, foot) with a minimum of three
tracking markers on each segment (Figure 1).19 Specifically, hip and knee angular displacement were
calculated based on the distal segment rotating relative to the proximal segment. Three-dimensional
marker trajectories were collected using a motion
analysis system (Motion Analysis Corporation,

Figure 1. Marker Set-Up and Treadmill Protocol. Reprinted
with permission from IJSPT.

Santa Rosa, CA) with 10 digital cameras as previously described.18
Thirty consecutive steps were recorded, defined as
initial contact of the foot with the treadmill to toe-off
when the foot left the treadmill (the total of which
was the stance phase). Proper stance phase identification in each trial was verified by a frame-by-frame
inspection of the identified gait events, i.e., initial
contact and toe-off, performed by one reviewer for
all participants. This was done by ensuring that, for
a given event, the foot was in a reasonable posture
(as opposed to mid-swing, for example). Calculations
were made during stance phase and averaged over
the first 20 recorded steps. One-way analysis of covariance (ANCOVA) was used to compare kinematic
differences at the hip and knee between the INJ
and UNINJ cohorts while controlling for variables
of interest. An exploratory α level of 0.05 was determined a priori to indicate statistical significance.
Foot strikes were determined in Visual3D (C-Motion,
Inc., Germantown, MD) using a previously described
algorithm.20 In order to classify runners as either
rear-foot strikers or mid-foot strikers, Cartesian
coordinate data were determined at initial contact
for each of the markers affixed to the runner’s heel
and lateral foot at the fifth metatarsal. Runners were
classified as rear-foot strikers if the heel marker had
smaller vertical displacement than the lateral foot
marker at initial contact. Conversely, runners were
classified as forefoot strikers if the lateral foot marker
had smaller vertical displacement than the heel
marker at initial contact. To differentiate between
mid-foot and forefoot striking, visual inspection of
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the video was performed; this was determined by
assessing which of the toe and lateral foot markers
had the smaller vertical displacement at initial contact for these runners.
RESULTS
Demographics
One-way ANOVA was used to compare demographic
variables of the INJ and UNINJ groups of runners.
There was no statistically significant difference in
age between the UNINJ (18.3±1.5 years) vs INJ
(19.8±2.0 years) cohorts (p=0.05). The average
heights (p=0.03) and weights (p=0.008) of the INJ
runners were significantly greater than the UNINJ
cohort but there was no significant difference in
BMI (p>0.05) noted (Table 1). There was no significant difference (p=0.17) in weekly mileage between
the INJ and UNINJ cohorts (Table 1).

Comparison of hip kinematics
Hip kinematics in the sagittal plane were compared
between the INJ and UNINJ groups. Peak hip flexion
was used as the dependent variable while history of
prior injury was the independent variable. Subject
height and weight were used as covariates in the in
the analysis. Runners in the INJ cohort demonstrated
greater peak hip flexion (Table 2) during the stance
phase on both the left limb [INJ=31.2°(±4.8°) vs.
UNINJ=26.8°(±3.1°); p=0.003] (Figure 2) and the right
limb [INJ=32.5°(±3.8°) vs. UNINJ=26.9°(±4.6°);
p=0.012] (Figure 3) when compared to runners in the
UNINJ cohort.
The timing for which peak hip flexion occurred during the stance phase was compared to the magnitude of peak hip flexion in both limbs. For the UNINJ
cohort, no association was noted between the peak
hip flexion angle and the point in the gait cycle at

Table 2. Running Kinematics. Reported in degrees (SD) except when noted.
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Figure 2. Average Peak Hip Flexion of the Left Limb: Prior
history of injury vs. No prior history of injury. (CI = conﬁdence interval).

Figure 3. Average Peak Hip Flexion of the Right Limb: Prior
history of injury vs. No prior history of injury. (CI = conﬁdence interval).

which this occurred (Figure 4). Conversely, runners
in the INJ cohort demonstrated a positive correlation between these variables with higher peak hip
flexion angles occurring later in the stance phase
of the gait cycle (16-18% of the gait cycle; R2 linear=0.252, Figure 5).
Comparison of knee kinematics
Knee kinematics in the sagittal plane were compared
between the INJ and UNINJ groups. Peak knee flexion was used as the dependent variable while history
of prior injury was the independent variable. Subject height and weight were used as covariates in the

Figure 4. Relationship between peak hip ﬂexion and percent
of stance phase at which time peak hip ﬂexion occurs in male
runners with no prior history of lower extremity injury.

Figure 5. Relationship between peak hip ﬂexion and percent
of stance phase at which time peak hip ﬂexion occurs in male
runners with a prior history of lower extremity injury.

analysis. Knee kinematics were compared in the sagittal
plane between the INJ and UNINJ groups. Peak knee
flexion (Table 2) in both the left and right limbs was not
statistically significantly different, although each demonstrated a trend towards significance with greater flexion in the INJ cohort (p=0.09 and 0.07, respectively).
Foot strike, step length, and step rate
No significant difference in step length or step rate
between the INJ and UNINJ cohorts was noted
(p=0.39 and 0.39, respectively; Table 2). Despite
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no significant difference in BMI between the two
cohorts, the INJ runners were heavier and taller
than the UNINJ runners (Table 1). Step length and
step rates, therefore, were normalized to height and
weight for each cohort. Foot strike patterns were not
significantly different between the INJ and UNINJ
cohorts (Table 2). Of the 25 males studied, 21 were
classified as rear-foot strikers, two as forefoot strikers, and two as mid-foot strikers.
DISCUSSION
It was hypothesized that adolescent and young adult
male runners who previously experienced a lower
extremity BSI would demonstrate unique sagittal
plane running kinematics at the hip and knee, as
well as a lower step rate and increased step length
when compared to a previously uninjured cohort.
This hypothesis was partially supported in that the
group of previously injured male runners showed a
statistically significant increase in bilateral peak hip
flexion during the stance phase with a trend towards
significance in increased peak knee flexion. No significant differences were noted in step length or
step rate between the two groups.
In this study, the altered kinematics of the previously injured male cohort most closely resembles
the running kinematics of runners who self-select
a reduced step rate.14 Although changes in step rate
and step length have been theoretically tied to a
decreased risk of BSI,10 to the authors’ knowledge
the association between increased peak hip flexion
and BSI is a novel finding. Since no difference in
step rate or length was observed despite the altered
kinematics, it is possible that the altered sagittal
plane hip kinematics themselves are a risk factor for
injury. However, due to the cross-sectional nature of
the study, cause and effect cannot be clearly determined. The differences in hip kinematics between
groups may be a result of compensatory alterations
following a BSI injury.
It was further observed that the timing of peak hip
flexion during the stance phase varied between runners. Previously injured runners who attained peak
hip flexion later in the stance phase of the gait cycle
also exhibited an association with a greater magnitude of hip flexion. No association between the timing and magnitude of peak hip flexion was observed

in the uninjured runners. It is postulated that the
runners who had delayed hip flexion may not have
been effectively pre-activating their gluteal muscles
in anticipation of ground contact. A previous study
performed in uninjured runners showed an increase
in activity of the gluteus maximus and medius during late swing/pre-activation when step rates were
increased by 10% over preferred, effectively reducing over-striding.21 As the gluteus maximus eccentrically controls stance hip flexion, delayed hip flexion
in the previously injured runners may be indicative
of altered gluteal activation. As gluteal activation
was not directly measured, further investigations
are warranted.
The demographics of the male runners differed in
that the INJ cohort was taller, and heavier. Despite
the INJ cohort presenting with increased weight
and height measurements compared to the UNINJ
cohort, the BMI measurements between the two
cohorts were not significantly different. Average self-reported weekly mileage between the two
cohorts, which can be viewed as a marker for the
amount of repetitive bone stress incurred, was also
not significantly different.
Limitations
The retrospective design limits the ability to draw
cause and effect conclusions between injury and
altered kinematics. It is possible that the kinematic
differences noted were modifications made by the
runners secondary to their previous injuries, rather
than the cause of their injuries. All runners, however, were pain-free at the time of testing and had
been medically cleared for running. In addition, for
convenience all data collection was performed on
a treadmill rather than overground running. Previous studies comparing overground vs treadmill running have shown that the kinematic data obtained
is similar, particularly for the hip.22,23 The differences in knee flexion showed a trend towards significance. It is possible that the current study was
underpowered to detect a statistically significant difference. Further, all runners ran in a standard running shoe in an attempt to remove shoe design as a
covariate that could impact running mechanics.24, 25
While this practice is common,26 running in a novel
shoe may have influenced the runners’ mechanics.
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Additionally, kinetic data was not available for this
study which could have assisted in interpreting
kinematic results. Finally, this data was collected
on a competitive, male cohort and thus these results
must be viewed with caution when comparing to
other running populations.
Future studies should focus on prospective data collection to determine if runners with increased hip
flexion during running gait have a higher incidence
of lower extremity BSI and should include a female
cohort. This would enable investigation of causality as well as a potential area of intervention for
injury prevention. In addition, future studies should
consider assessing gluteal muscle activation as an
improved means of determining the potential effects
of altered stance phase hip mechanics on muscle
activation and timing. Finally, as bone stress injuries are influenced by factors such as dietary preferences, bone density, and training habits, future
studies should consider additional screening questions at the time of data collection.
CONCLUSION
In conclusion, the results of the current study indicate altered stance phase sagittal plane hip kinematics in a population of young adult male runners with
a previous history of bone stress injury. These novel
findings warrant future investigative efforts to further delineate associations and potential prospective
risks, if any, in this patient population.
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ABSTRACT
Background: While two-dimensional (2D) video running analysis is commonly performed in the clinical setting, the
reliability of quantitative measurements as well as effect of clinical experience has not been studied.
Purpose: The purpose of this study was to assess the intra-rater and inter-rater reliability of six different raters using
2D video analysis of sagittal and frontal plane kinematic variables while running on a treadmill.
Study Design: Cross-sectional Study
Methods: Running videos from 10 individuals (five female, five male) with a mean age of 22.8 years were selected for
analysis. Two raters had over 10 years of experience with running video analysis and the other four raters had no prior
experience. Before beginning analyses, the senior investigator conducted two hours of training with all raters to
review the measurement procedures and the movement analysis software program. After completing training and
one practice analysis, each rater assessed four 60-second video clips for the 10 runners twice (20 total). A minimum
of one week separated the two assessments on each runner. The order of the runner analyses were randomly assigned
and each rater completed a single analysis within 24 hours. After the rater had completed their initial assessment on
all 10 runners, a second analysis was completed one week later with a different order of randomization. Eight sagittal
plane (SAG) and four frontal plane (FRT) quantitative variables were measured for the left and right lower extremities
on all 10 runners. Intra- and inter-rater reliability was assessed using intraclass correlation coefficients (ICC) and
standard error of the measurement (SEM).
Results: The intra-rater ICC values for experienced raters ranged from 0.75 to 0.98 for the SAG and 0.45 to 0.96 for
FRT variables. The inter-rater ICC values between the experienced raters ranged from 0.76 to 0.99 for the SAG and
0.82 to 0.98 for FRT variables. The intra-rater ICC values for inexperienced raters ranged from 0.54 to 0.99 for the SAG
and 0.08 to 0.97 for FRT variables. The inter-rater ICC values between the inexperienced raters ranged from 0.93 to
0.99 for the SAG and 0.79 to 0.98 for FRT variables. Intra-rater SEM values based on average means of all raters ranged
from 1 to 47% of the mean values obtained for the SAG and from 6 to 158% for the FRT variables.
Conclusions: The intra-rater and inter-rater reliability levels were higher for SAG quantitative variables assessed in
this study in comparison to FRT variables. Experience does not appear to be a factor when consistency is required
with repeated analyses on the same runner.
Level of Evidence: 4, Controlled laboratory study
Keywords: Gait analysis, interrater, intra-rater, reliability, running assessment
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INTRODUCTION
While two-dimensional (2D) video running analysis
is commonly performed in the clinical setting, the
ability of a single clinician or multiple clinicians to
reliably analyze various lower extremity alignment
variables quantitatively in both the sagittal and frontal planes is still unclear. Although three-dimensional (3D) video-based running gait analysis has
long been considered the gold standard, the expense
of the required equipment and complexity of the
analysis software makes this type of running gait
analysis prohibitive for most sports physical therapy
clinics. In general, a video running analysis assesses
various body postures and alignments in both the
sagittal and frontal planes. Maykut et al1 compared
frontal plane motion variables captured using 2D
and 3D video analysis techniques and reported a
strong correlation between both analysis methods
when assessing the hip adduction angle. The clinical interest in the hip adduction angle, which is a
measure of pelvic drop, is based on findings demonstrating that excessive pelvic drop has been linked
to patellofemoral pain syndrome and tibial stress
fracture.2,3 Wille et al4 reported that several SAG
kinematic variables during running were predictive
of ground reaction force variables and joint kinetics during running. These SAG kinematic variables
included center of mass (COM) height at midstance
and double float, foot inclination angle at initial
contact, horizontal distance from shoe heel to COM
line at initial contact, and peak knee flexion angle.
Although Wille et al4 utilized 3D video running analysis for data collection, they suggested that 2D video
analysis would likely be sufficient to capture these
kinematic variables given the strong correlations
between 3D and 2D SAG motions during running.
Schurr et al5 reported a high correlation in SAG variables between 2D and 3D video analysis, but poor
correlations for the FRT variables. At present, little
research has been conducted on the reliability of
these analyses based on clinician experience as well
as when the analyses are performed over time.
Damsted et al6 assessed the reliability of two experienced raters to measure knee and hip flexion angles at
initial foot strike of 18 individuals running on a treadmill using 2D video recordings. They reported that
intra-rater and inter-rater reliability was sufficient

between the two experienced raters but that clinicians should be aware that measurement variations
can occur, especially when measurements are taken
over different days. Unfortunately, their conclusions are limited to those two SAG variables. Krummen et al7 determined only the inter-rater reliability
of 12 physical therapists to assess various sagittal
and frontal plane running characteristics of six individuals running on a treadmill. While they reported
that the inter-rater reliability between the 12 therapists ranged from fair to strong, their research was
published as a platform presentation abstract. Thus,
specific details regarding data collection and analysis procedures are unknown. One factor that could
have affected the results was that Krummen et al7
used an iPad to film the six runners. While the iPad
provides an easy tool for recording gait in the clinic,
the low frame rate (30 frames per second) available
on the iPad used by these researchers could be a
factor affecting the results. Most researchers agree
that the minimum frame rate that should be used
for recording running is at least 120 frames per second.8 In a more recent study, Pipkin et al9 assessed
the reliability of three experienced raters performing a qualitative video analysis of 15 individuals running at a self-selected pace on a treadmill using a
single camera filming at rate of 120 frames per second. Raters assessed eight sagittal and seven frontal
plane body posture and alignment variables using
a 3-point or 5-point scoring scale. Using a weighted
Kappa statistic, they reported that the level of intrarater agreement was substantial to excellent for 11
of the 15 variables, whereas only five of the 15 variables had the same level of inter-rater agreement.
Of the five variables achieving a rating of substantial
(Kappa greater than 0.60) or higher, three were FRT
and two were SAG variables. While this study provides valuable information on the reliability of experienced raters performing a 2D video-based running
analysis, there are several factors that restrict the
application of the study findings. Since only experienced raters were used, the amount of training and
experience required to achieve a satisfactory level
of reliability is unknown. Additionally, Pipkin et al9
provided each rater with pre-identified still frames
to ensure that raters were evaluating the same frame
and stride within the video. Since clinicians typically
perform a running analysis by randomly selecting a
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stride for analysis, the pre-identified still frames in
the Pipkin et al9 study could have positively affected
the levels of agreement among raters. Just as importantly, while qualitative analysis provides valuable
information to the runner, there are also situations
in which quantitative kinematic measurements are
of value. These situations may include counseling
a runner for injury prevention or when documenting changes in the running kinematics because of
rehabilitation following injury. For example, Dierks
et al10 suggested that a knee flexion difference less
than 40° between initial contact and midstance during stance phase can be associated with patellofemoral pain.
Based on previous research, the consistency of
quantitative measurements for sagittal and frontal
plane variables when performing a video-based running analysis has not been assessed throughout the
entire running cycle. In addition, the influence of
rater experience on the reliability of quantitative
measurements is unknown. Therefore, the purpose
of this study was to assess the intra-rater and interrater reliability of six different raters in assessing
various sagittal and frontal plane kinematic variables recorded while running on a treadmill using
2D video analysis. Based on previous research, it was
hypothesized that 1) quantitative measurements for
SAG kinematics would have higher levels of reliability, irrespective of rater experience, than quantitative measurements for frontal plane kinematics,
and 2) experienced raters would demonstrate higher
levels of reliability than inexperienced raters when
assessing both sagittal and frontal plane kinematics.
METHODS
Video Selection
Running gait analysis videos from 10 individuals
(five female) were selected from pre-existing 2D
videos recorded as part of a previous research study
that assessed running-gait between recreational and
competitive runners (high school and college cross
country runners). Ten runners were selected based
on subject size used in previous running reliability
studies1,6,9,11,12 and number of raters in this study. The
mean age of the 10 runners was 22.8 years, with a
range of 15 to 29 years. The videos of the 10 individuals were randomly selected from a video pool of 90

runners who were known to be without injury at the
time of video capture. All videos were recorded while
the individuals ran on a treadmill (Model Mercury
S, Woodway USA Inc., Waukesha, WI 53186) using
one camera mounted to a portable tripod (Model#
EX FH25, Casio America Inc., Dover, NJ 07801) at a
rate of 240 frames per second. All 10 individuals had
previous experience running on a treadmill and ran
at a self-selected speed. To facilitate the observation
of marker movement, each participant wore running shorts with the males wearing no shirts and the
females wearing a halter-top. Each participant was
initially asked to run for five minutes to acclimate to
the testing treadmill. Once acclimated, 9 mm spherical reflective markers were placed on each lower
extremity over the following locations: anterior superior iliac spine (ASIS), posterior superior iliac spine
(PSIS), lateral epicondyle of the femur, lateral malleolus, lower posterior calf above the Achilles tendon
(two markers), and over the midline of the heel (two
markers). To minimize ASIS and PSIS marker movement, elastic self-adhesive wrapping was applied
around the individual’s waist prior to marker placement. Once all markers were attached, the participant was then asked to start running on the treadmill
at his or her pre-selected running speed. Once the
subject indicated they were in their typical running
pattern, they continued to run at their preferred
speed for five minutes while video data was recorded.
Video data were collected sequentially using one
camera for the following four views; right sagittal
(side); left sagittal (side), full posterior (frontal), and
posterior leg/heel (frontal). All runners selected for
this study had previously met the following inclusion
criteria: (1) between the ages of 14 to 40 years; (2)
ran at least 18 miles per week for one-year prior to
participation in the study; (3) had experience running on a treadmill; (4) no previous history of lower
extremity congenital or traumatic deformity or previous surgery that resulted in altered bony alignment;
and (5) no acute injury three months prior to the
start of the study that led to inability to run at least
three consecutive days during that time. The Regis
University Institutional Review Board approved the
study protocol and all participants provided written
informed consent prior to participation in the study,
and for subjects under 18 years old, parental consent
was obtained.
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Video Analysis Procedures
Sixty-second video clips (approximately 10 complete
strides per clip) were created from each of the original five-minute videos for the reliability assessment.
To ensure that the video clip represented the most
acclimated pattern of running, the original video
recording for each view (five minutes or 300 seconds in length) was trimmed so that the 60-second
video clip began after three minutes or 180 seconds
of running on the treadmill. Six raters, two experienced and four inexperienced, were asked to assess
the video clips for each of the ten runners. The two
experienced raters had over 10 years of experience
performing 2D video-based running analyses on
both collegiate and recreational runners. The four
inexperienced runners were second-year graduate
physical therapy students with no prior experience
in performing a video-based running analysis.
Prior to initiating the video assessments, all raters
whether experienced or inexperienced received a
total of three hours of training by the senior investigator. During the initial training two-hour training session, all raters were given written and verbal
instructions for performing each of the quantitative
measurements used in the study as well as the freeaccess video analysis software program (Kinovea,
version 0.8.15, http://www.kinovea.org) used by all
raters. At the end of the initial training session, all
raters were asked to complete a “practice” 2D running analysis on a runner not included in the 10 runners used for the reliability assessment. The results
of analysis on the “practice” runner completed by
each rater were then reviewed with all raters during another one-hour training session so that any
questions or concerns with the measurement procedures or video analysis software could be addressed.
At the completion of this second training session,
the reliability assessment for the 10 runners was
initiated. Each rater assessed all four video clips for
each of the 10 runners twice (20 total assessments)
with at least one week separating the two assessments of the same runner. A study coordinator, who
did not perform any video assessments, randomly
assigned a runner for assessment to each rater.
When assigned a runner for analysis, the rater was
provided a file with the four video clips and asked to
complete the assessment within 24 hours. All raters

were instructed to select a stride for analysis after
the third foot strike on the video clip to allow them
the opportunity to observe the runner’s gait pattern
and enhance the rater’s ability to identify initial foot
contact. Once the video analysis was completed, the
rater returned the data sheet with the quantitative
measurements to the study coordinator. Once the
study coordinator received the video clips and data
sheet, they provided the rater with the next runner’s
file with the video clips to be assessed. The same
assignment process was used until each rater completed their initial assessment on all 10 runners, at
which time the process was repeated with a different order of randomization of the 10 runners for the
repeated set of analyses.
Each rater assessed the following variables on the
left and right lower extremities for all 10 runners.
SAG variables included; 1) angle of the shoe to
treadmill at initial contact, 2) angle of the lower
leg at initial contact, 3) knee flexion at initial contact, 4) knee flexion at midstance, 5) position of the
COM to the posterior point of shoe at initial contact,
6) knee flexion at midswing, 7) vertical position
of the center of mass at midstance, and 8) vertical position of the center of mass at double float.
FRT variables included; 1) hip adduction angle at
initial contact, 2) hip adduction angle at midstance,
3) rearfoot angle at initial contact, and 4) rearfoot
angle at midstance. All angles were measure in
degrees and all distance measurements were taken
in centimeters.
Data analysis
Intraclass correlation coefficients (ICC) were calculated to determine the consistency of each rater to
repeatedly perform the measurements individually
(intra-rater; ICC3,1) between the two video analysis
sessions as well as in comparison to the other raters (inter-rater; ICC2,k). The level of reliability for
the ICC was classified using the characterizations
reported by Landis and Koch.13 These characterizations were: slight, if the correlation ranged from 0.00
to 0.20; fair, if the correlation ranged from 0.21 to
0.40; moderate, if the correlation ranged from 0.41
to 0.60; substantial, if the correlation ranged from
0.61 to 0.80; and almost perfect, if the correlation
ranged from 0.81 to 1.00. The inter-rater reliability
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Table 1. Participant Demographics

was assessed between the two experienced raters,
the four inexperienced raters, and between the
experienced and inexperienced raters. For the comparison between the two experienced raters and
between the four inexperienced raters, the variable measures for the two sessions were averaged.
To calculate the inter-rater reliability between the
experienced raters and the inexperienced raters,
the average measure of each rater was averaged
for the experienced raters (n=2) and for the inexperienced raters (n=4). The standard error of the
measurement (SEM) was also calculated as another
indicator of intra-rater for all six raters. The SEM is
in the same units as the original measurement and
represents how the measurements would vary if

measured more than once by each rater.14All statistical analyses were performed using SPSS software,
Version 23 and an alpha level of 0.05 was established
for all tests of significance.
RESULTS
Demographic data for the 10 participants in the
study are listed in Table 1. The intra-rater ICC and
SEM values for SAG and FRT variables are listed in
Table 2 and 3, respectively. The inter-rater ICCs for
SAG and FRT variables are provided in Table 4.
Sagittal Plane Variables. The intra-rater ICC values for
all raters and all variables ranged from 0.54 to 0.99
with the SEM ranging from 1% to 47% of the mean
value for all variables assessed. For the experienced
raters, the intra-rater ICC values ranged from 0.75 to
0.98 with the SEM ranging from 1% to 38% of the
mean values for all variables. For the inexperienced
raters, the intra-rater ICC values ranged from 0.54 to
0.99 with the SEM ranging from 1% to 47% of the
mean values for all variables. For all raters, 70% of all
SAG SEM values were less than 10% of the variable

Table 2. Intra-rater Reliability of Sagittal Plane Variables (ICC3,1), Mean (2 measures), and SEM (standard error of measurement)
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Table 3. Intra-rater Reliability of Frontal Plane Variables (ICC3,1), Mean (2 measures), SEM (standard error of measurement)

mean with only 10% of SAG SEM values above 20%
of the variable mean.
The inter-rater ICC value between the two experienced raters were all greater than 0.88 except
for right knee flexion at initial contact which was
0.76. The inter-rater ICC value between the four
Table 4. Inter-rater Intraclass Correlation Coefﬁcients
(ICC3,k) with 95% Conﬁdence Interval (CI)

inexperienced raters were all greater than 0.92. The
inter-rater reliability between experienced and inexperienced raters ranged between 0.97 and 0.99.
Frontal Plane Variables. The intra-rater ICC values
for all raters ranged from 0.08 to 0.97 with SEM values ranging from 6% to 158% of the mean value for
all variables assessed. For the experienced raters, the
intra-rater ICC values ranged from 0.45 to 0.96 with
the SEM values ranging from 6% to 64% of the mean
values for all variables. For the inexperienced raters,
the intra-rater ICC values ranged from 0.08 to 0.97
with the SEM values ranging from 7% to 158% of the
mean values for all variables. For all raters, 48% of
all FRT SEM values were less than 20% of the variable mean and 52% of FRT SEM values were above
20% of the variable mean.
The inter-rater ICC for all variables ranged from 0.84
to 0.98 for the experienced raters. The inter-rater ICC
value between the four inexperienced raters ranged
from 0.79 to 0.98. The inter-rater reliability between
the experienced and inexperienced raters ranged
between 0.86 and 0.99.
DISCUSSION
The intent of this study was to assess the intra-rater
and inter-rater reliability of six different raters, two
experienced and four inexperienced, in assessing
various sagittal and frontal plane kinematic variables recorded while running on a treadmill using
2D video analysis. Two-dimensional video running
analysis is commonly performed in the clinical setting to assess potential kinematic abnormalities
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when screening for injury prevention or when documenting changes in the running kinematics because
of rehabilitation following injury. Since it is common for a video analysis to be conducted on more
than one occasion to assess whether changes in running kinematics have occurred because of an injury
or a modification of a runner’s gait pattern, the consistency of qualitative measurements assessed on
different days is important. In addition, the ability
of multiple clinicians with varying levels of clinical experience to reliably perform an assessment of
quantitative measurements in both the sagittal and
frontal planes has not been previously investigated.
Interpretation of the Reliability of Sagittal
and Frontal Plane Variables
In general, all raters consistently measured each
SAG variable between the two sessions, one week
apart with high levels of reliability (ICC > 0.75).
Based on the classification scheme proposed by Landis and Koch, all the intra-rater ICC variables for the
two experienced raters would be classified as almost
perfect except for Rater 1’s ICC for left knee flexion
at midstance) which would be classified as substantial. For the inexperienced raters, based on the Landis and Koch13 classification scheme, the intra-rater
ICC for 12 of the 16 variables would be classified as
almost perfect. Of the remaining four variables, left
tibial angle, left knee angle at initial contact, and
right tibial angle would be classified as substantial.
The only intra-rater ICC for the inexperienced raters classified as moderate was right knee angle at initial contact (Rater 4). The results for the inter-rater
reliability were quite similar in that the ICC values
for the two experienced raters were all classified as
almost perfect except for right knee flexion at initial
contact which would be classified as substantial.
The inter-rater ICC values between the four inexperienced raters as well as between the experienced
versus inexperienced raters would all be classified
as almost perfect.
Based on the ICC values, one could conclude that the
intra- and inter-rater reliability among all six raters
was very high. However, it is important to take into
consideration the SEM values for all raters. For the
experienced raters, except for the left and right shoe
angle, the SEM values for all other SAG variables

were less than or equal to 15% of the mean value.
This would indicate that if a variable mean value
was 60°, the degree of variability associated with the
measurement by a rater would range between 51°
and 69°. For the inexperienced raters, apart from the
left and right shoe angle, the SEM values for all other
SAG variables were less than or equal to 20% of the
mean value. This would indicate that if a variable
mean value was 60°, the degree of variability associated with the measurement by a rater would range
between 48° and 72°. The only other study that has
attempted to evaluate the reliability of quantitative
kinematic measures in running was conducted by
Damsted et al.6 They assessed the ability of two raters to quantify left knee and hip flexion angles at initial contact during running. They reported that 95%
confidence limits for knee flexion ranged from three
to 8° within a day and from 9° to 14° between days
for the two raters. In the current study, the left mean
knee flexion angle at initial contact (averaged across
all 6 raters) was 10.43° with the average SEM for all
raters 1.36°. Thus, the range for left knee flexion in
the current study would be 9.07° to 11.79° which is
similar to the values reported by Damsted et al.6
In general, ICC values were lower for the eight FRT
variables. For the experienced raters, based on the
classification Landis and Koch scheme,13 six of the
variables for rater 1 and five of the variables for rater
2 would be classified as almost perfect based on the
intra-rater ICC values. The intra-rater ICC values for
left hip adduction angle at midstance (Rater 1 and 2),
right hip adduction at midstance (Rater 1), and right
rearfoot angle at midstance (Rater 2) were classified
as substantial, with right hip adduction at initial contact (Rater 2) classified as moderate. Using the Landis
and Koch classification scheme, the intra-rater ICC
values for only two of the eight variables, left hip
adduction at midstance and left rearfoot angle at initial contact would be classified as almost perfect for
all four inexperienced raters. For the other six variables, the ICC values would be classified as either
substantial or moderate.
The inter-rater ICC for all values was almost perfect between the two experienced and four inexperienced raters except for the right rearfoot angle
at midstance which was substantial. The interrater reliability comparing the experienced and
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inexperienced raters was substantial. These findings disagree with Maykut et al1 who reported ICC
intra-rater reliability values for hip adduction to be
0.95 for the right and 0.96 for the left using a single
rater. Unfortunately, these authors do not provide
any information regarding the level of experience of
the rater. In the current study, the ICC values for hip
adduction angles at initial contact and at midstance
ranged from 0.45 to 0.89 for the experienced raters,
and 0.08 to 0.92 for the inexperienced raters.
The SEM values for the frontal plane variables were
considerably higher in comparison to the SAG variables ranging from 6% to 64% for the experienced
raters and from 7% to 158% for the inexperienced
raters (Table 3). Based on these findings, the authors
confirmed the first hypothesis which stated quantitative measurements for SAG kinematics would
have higher levels of reliability, irrespective of rater
experience, than quantitative measurements for
FRT kinematics.
Inﬂuence of Rater Experience
As noted in the introduction, the influence of rater
experience on the reliability of quantitative measurements for SAG and FRT variables during running
has not been previously investigated. In the current
study, two raters had over 10 years’ experience performing running analyses while the other four raters
had no previous experience except for a two-hour
training session followed by one practice analysis.
Based on intra-rater and inter-rater ICC results for
the SAG variables, there was minimal differences
between the experienced and inexperienced raters
for intra-rater and inter-rater reliability. As noted in
the results, all SAG variables demonstrated ICC values greater than 0.75 for the experienced raters with
only one variable (right knee angle at initial contact)
having an ICC value less than 0.75 for the inexperienced raters. Regarding the FRT variables, both the
experienced and inexperienced raters demonstrated
lower levels of intra-rater reliability as compared to
the SAG variables, with several variables assessed
demonstrating ICC values less than 0.75 (three variables for the experienced raters and no variables for
the inexperienced raters). These findings would suggest that repeated FRT measurements by the same
rater, whether experienced or inexperienced, would

be suspect to variation when performed over multiple days. Based on these results, the authors rejected
the second study hypothesis which stated that experienced raters would demonstrate higher levels of
reliability than inexperienced raters when assessing
both sagittal and FRT kinematics. It would appear
based on the current study findings, that experience
does not appear to be a factor when consistency is
required for repeated analyses on the same runner.
In addition, the findings would suggest that the same
clinician can consistently repeat a quantitative running analysis using the sagittal variables assessed in
this study irrespective of experience, assuming the
level of training used in the current study. When performing an analysis on FRT variables, these results
indicate that the same clinician should always perform the analysis, and to be aware of the possibility
of greater measurement variability.
It is important to note that the findings of this study
are limited to the eight SAG and four FRT kinematic variables assessed in this study. Thus, caution
should be used when attempting to generalize these
findings to other conditions or kinematic measures
obtained using 2D video analysis. Additionally, the
reliability in this study may be greater than in clinical running analyses as a result of the use of preplaced reflective markers. These markers aided in
the angle measurements during the running analysis. The methodology of this study, however, has
addressed previous limitations noted in the literature9 by having both experienced and inexperienced
raters perform a running analysis by reviewing the
recorded video in slow-motion or frame-by-frame to
select the specific points in the running cycle for
analysis rather than using pre-identified still frames.
Future research is recommended to compare the
reliability of qualitative and quantitative running
assessment, and the clinical usefulness of each in
making clinical decisions.
CONCLUSION
This study is one of the first to assess the reliability
of experienced and inexperienced raters assessing
quantitative SAG and FRT variables while running
on a treadmill using 2D video analysis. The intrarater and inter-rater reliability levels were higher for
SAG variables assessed in this study in comparison
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to FRT variables. Experience did not appear to be a
factor when consistency is required with repeated
analyses on the same runner. The results of the
study indicate that the same clinician can consistently repeat a quantitative running analysis using
the SAG variables assessed in this study irrespective
of experience. Because of poor reliability, the same
clinician should always assess FRT variables and be
cognizant of greater measurement variability.
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ABSTRACT
Background: Patellofemoral pain syndrome (PFPS) is a prevalent knee disorder. A novel yet increasingly popular treatment for PFPS is trigger point dry needling (DN).
Purpose: The purpose of this study was to determine if DN is more effective at reducing pain and disability than a sham
treatment in individuals with PFPS.
Study design: Randomized trial.
Materials/Methods: Sixty military health care beneficiaries (36 males) with a clinical diagnosis of PFPS were recruited and
completed the study. Subjects underwent a standardized clinical examination and were randomized into a DN or sham treatment group. DN treatment consisted of insertion of an acupuncture-like needle into six sites in the quadriceps femoris
muscles of the symptomatic lower extremity based on a palpation examination. The sham grouped received a simulated
treatment with a sharp object and needle guide tube without puncturing the skin. Self-reports of pain, disability, and overall
status were collected before treatment, immediately after treatment and at 72 hours. Data were analyzed with separate 2x2
repeated measures analysis of variance, with independent variables being Group (DN vs. sham) and Time (pre-treatment
vs. immediately post-treatment, and pre-treatment vs. 72 hours). The hypothesis of interest in each case was the Group*Time
interaction. The alpha-level was set a priori to .05 using 2-tailed tests.
Results: Both groups exhibited a clinically meaningful reduction in pain based on numeric pain rating scale scores immediately post-treatment and at 72 hours, but there was no statistically significant difference between groups (p=0.219, 0.310).
There was no significant difference between groups for any other outcome measures.
Conclusion: These data suggest that DN treatment is not more effective than a sham DN treatment at reducing short-term
pain and disability in individuals with PFPS when used as an isolated treatment approach.
Level of Evidence: 2
Key words: Dry needling, knee pain, patellofemoral pain syndrome, rehabilitation
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INTRODUCTION
Patellofemoral pain syndrome (PFPS) is a prevalent
knee disorder seen among young, active individuals
and in general practice,1 orthopedic,2 sports3,4 and
military clinics.5,6 Dye7 described PFPS as a clinical enigma, and one of the most challenging knee
pathologies to manage. The problematic nature of
PFPS is highlighted by the fact that 70% to 90% of
individuals with the condition have recurrent or
chronic symptoms.3,8 Despite the prevalence of the
disorder, the etiology of PFPS is poorly understood. A
number of abnormal biomechanical and neuromuscular factors may contribute to increased stresses
on the patellofemoral joint which in turn can ultimately lead to pain and dysfunction.9-12 Because the
etiology may be multifactorial in nature, and due to
the variations in the clinical presentation of patients
with PFPS, numerous non-operative interventions
have been proposed for treatment of the disorder.
Dry needling (DN) is a therapeutic intervention that
has been growing in both popularity and supportive
research evidence.13-16 DN involves the insertion of
small solid filament needles directly into myofascial
trigger points in an attempt to reduce muscle tension, restore normal muscle function, and relieve
pain.17-19 Myofascial trigger points are locally tender
and palpable bands of muscle tissue that can cause
pain and muscle dysfunction.20,21 Patients with PFPS
often present with weakness and poor motor control
of the quadriceps muscles.11,22-25 Restoration of quadriceps muscle strength and function is predictive
of a successful rehabilitation outcome for patients
with PFPS.26,27 Travell and Simons described trigger points in three of the four quadriceps femoris
muscles which, when palpated, could generate the
peripatellar and anterior knee pain that is characteristic of PFPS.21 They proposed that treatment of
myofascial trigger points may be an effective way to
diminish the pain associated with PFPS and to help
restore quadriceps muscle function.21 To date, the
effects of DN on patients with PFPS have not been
investigated. Two previous studies described the use
of acupuncture for the management of anterior knee
pain,28,29 however the treatment techniques used in
those studies and the proposed mechanisms for traditional acupuncture are substantially different than
those associated with DN.

While recent investigations have shown that DN can
be an effective treatment for patients with a variety
of musculoskeletal dysfunctions,14,15,30,31 no study to
date has investigated the use of the treatment technique in patients with PFPS. The current level of
evidence regarding the use of DN for the management of PFPS is limited to that of expert opinion.21
Research is needed in the form of a randomized controlled trial to determine whether DN is an effective
intervention for individuals with PFPS. Therefore,
the purpose of this study was to determine if DN is
more effective at reducing pain and disability than
a sham treatment in individuals with PFPS. The
authors hypothesized that the DN group would experience a significantly greater reduction in pain and
disability than the sham group.
METHODS
Sixty participants were recruited from the military health care beneficiary population at Fort Sam
Houston in San Antonio, Texas. All volunteers provided informed consent for participation in the
study, which was approved by the Institutional
Review Board at Brooke Army Medical Center. Participants were required to be 18-40 years of age and
have a clinical diagnosis of PFPS. Participants were
determined to have PFPS if they had a complaint
of retropatellar or anterior knee pain that was provoked by two or more of the following activities:
squatting, stair ascent, stair descent, prolonged sitting, kneeling or isometric quadriceps contraction.9
Individuals were excluded if they had a history of
prior knee surgery, any competing knee pathology
(meniscal tears, patellar tendinopathy, ligamentous
sprains, osteoarthritis, etc.), any systemic disease
and/or connective tissue disorders, or signs of lumbosacral nerve root compression. Individual were
also excluded those who had received acupuncture,
injection, or DN treatment for the knee or quadriceps femoris muscles within the prior six months,
individuals who were currently taking anticoagulant
medications or had a medical history of a bleeding
disorder, and pregnant females.
Volunteers initially received a screening examination consisting of a medical history questionnaire
and a standard physical examination to confirm
a clinical diagnosis of PFPS and to rule out any
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competing knee pathologies. All screening examinations were performed by licensed physical therapists, who were board certified as a sports clinical
specialist (JHM) or orthopedic clinical specialist
(TGS). The screening examination consisted of palpation, special tests to rule out competing pathologies such as meniscal tears, patellar tendinopathy,
and ligamentous injuries. Altman’s criteria32 were
used to screen for individuals with possible knee
osteoarthritis. Additionally, a comprehensive neurological screening examination was performed to
rule the possibility of lumbosacral nerve root or
peripheral nerve involvement. Individuals who met
the inclusion and exclusion criteria then underwent
a standardized history and physical examination,
which included selected testing of lower extremity muscle strength, muscle length, and range of
motion. Isometric strength of the knee extensors
and flexors, and hip abductors, flexors, internal rotators and external rotators was assessed with a handheld dynamometer. Knee and hip range of motion
(ROM) measures were performed using a standard
goniometer. To assess muscle length, examiners
conducted the Thomas, Ober’s and hamstring 90-90
tests.33 A bubble goniometer was used to measure
the angle of hip and knee flexion during the Thomas
test, hip abduction during the Ober’s test, and knee
flexion during the hamstring 90-90 test. The Q-angle
was assessed in the standing position as previously
described by Iverson and colleagues.34 Evaluation
of a possible leg length discrepancy was performed
using a Palpation Meter.35
Participants completed two self-report questionnaires, the Kujala Anterior Knee Pain Scale
(AKPS)36,37 and the Lower Extremity Functional Scale
(LEFS),38,39 as well as a body chart to provide a thorough description of the location and nature of their
symptoms. Demographic information was collected
to include age, gender, height, and weight. Participants also rated their pain level during performance
of three functional activities (stepping up a 20-cm
step, stepping down from the same step, and squatting)34,40 on an 11-point numeric pain rating scale
(NPRS).41-43 During the squat test, participants were
instructed to maintain their trunk in an upright position and to look straight ahead, while keeping their
heels on the floor. As they performed the squat, the

angle of knee flexion at which the participants first
experienced their pain was measured with a goniometer and recorded. Documenting the angle of
knee flexion at onset of pain allowed the examiners
to ask the subject to assess the pain experienced at
the same angle with subsequent squats immediately
following the intervention and at a 72-hour followup appointment. Examiners were blinded to treatment group allocation.
Prior to enrollment, an investigator not involved
with data collection or treatment used a randomnumber generator to create a randomization list and
prepared individual, sequentially numbered index
cards that indicated group assignment. The cards
were then folded and placed in sealed envelopes.
Participants were randomly assigned to one of two
treatment groups: dry needling (DN) or sham (SH)
needling group. All treatments were performed by
an experienced physical therapist (SK) who was
trained in dry needling and blinded to the baseline
assessment outcomes. After the baseline examination, the treating investigator opened the envelope
which indicated the treatment group assignment.
Participants in both groups made a total of two visits
to the clinic; once for the baseline examination and
intervention and then again at a 72-hour follow-up
appointment.
Individuals in the DN group received a single session of dry needling therapy using a standardized
protocol. Participants lay in the supine position
with a vertical drape positioned at the level of
their waist so that they were blinded to the treatment they received. The needling procedure started
with systematic manual palpation of three superficial quadriceps femoris muscles (vastus medialis,
rectus femoris, vastus lateralis) ipsilateral to the
symptomatic knee. This was performed to determine the presence or absence of perceived trigger
points, operationally defined as palpable and painful nodules in the muscle tissue and considered
present when active or latent,17 and to guide needle
placement. Two trigger points were identified for
treatment in each of the three targeted quadriceps
femoris muscles, for a total of six needle insertions
per thigh. Upon the rare occasion that two trigger
points were not identifiable in a specific muscle,
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Figure 1. Dry needling technique. Participants were supine
with a dark drape positioned at their waist to blind them from
the treatment.

DN was provided to the most painful location as
determined by palpation. The needling technique
included the insertion or a sterile, disposable 0.25
x 40 mm stainless steel acupuncture needle (Seirin
Corporation, Shizuoka, Japan) into three of four the
quadriceps femoris muscles (vastus medialis, rectus
femoris, vastus lateralis) (Figure 1). The “clean technique” was used throughout the treatment procedure, which included hand washing, use of latex-free
examination gloves, and skin-surface preparation
with an alcohol wipe.44 Needle insertions lasted
approximately 5-10 seconds using “sparrow pecking”
(in-and-out motion) and “coning” (small redirections
of needle angle) techniques in an attempt to elicit as
many local twitch responses as possible.
The SH group received a simulated needling intervention that was developed and validated by Sherman and colleagues.45 The procedures performed for
the SH group were identical to those described for
the DN group, with the exception that a small, sharp
object in a needle guide tube was used in place of
the acupuncture needle. Firm pressure was applied
to the skin of subjects in the SH group to simulate
the sensation of an acupuncture needle, but the skin
was never punctured. The same sparrow pecking
and coning techniques and treatment durations used
in the DN group were simulated in the SH group.

Immediately following the treatment session, participants repeated each of the functional tests (step-up,
step-down, squat) and rated the pain experienced
during each activity on the NPRS. All participants
were instructed in a basic home exercise program of
isometric quadriceps femoris contractions and quadriceps stretching exercises to be performed daily
until they returned for the follow-up appointment.
Participants returned to the clinic 72 hours following
the initial session and completed a second AKPS and
LEFS, as well as a Global Rating of Change (GROC)
questionnaire.46,47 The functional activities and pain
assessments were also repeated, as well as selected
muscle strength, length and ROM measures. During the follow up session, participants were asked
which treatment they believe they received. Following their response, the investigators revealed to each
participant which treatment was actually received.
STATISTICAL ANALYSIS
A priori power analysis was performed using
G*Power 3.48 Estimated sample size was based on
having at least 80% power to detect a minimal clinically important difference (MCID) in the LEFS of 8
points38,39 between groups, assuming a standard deviation of 10 points, alpha of 0.05 and 10% attrition at
follow up. Enrolling 60 subjects (30 per group) was
planned to additionally give adequate power for
analysis of secondary outcomes and adequate precision to correlational estimates.
Statistical analyses were performed using IBM SPSS
Version 21 software (Chicago, IL). Descriptive statistics were performed on demographic and clinical history characteristics of the sample. Treatment
effects were estimated using separate, random
intercept and slope linear mixed models for each
repeated measure outcome variable. Time, treatment group, and time by treatment group interaction were modeled as fixed effects. Age, sex, and
length of symptoms were evaluated for additional
fixed effect covariates based on their potential to
affect prognosis. For each model, the covariance
structure (autoregressive, unstructured, scaled identity) was used based on best model fit and ability
of the model to reach convergence. Consistent with
the intention to treat principle, missing data points
were estimated in the mixed model analyses using
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restricted maximum likelihood ratio estimation with
100 iterations; therefore all participants randomized
to a treatment group were included in the analyses
of outcome for that group. Alpha level was 0.05 for
all analyses.
RESULTS
Three of the 60 enrolled participants were unable to
attend their 72-hour follow-up appointments, but they
were able to complete the self-report instruments
either telephonically or via email. One participant
was excluded from data analysis due to inconsistent
responses on his self-report outcome measures. Therefore, data from 59 participants were available and
included in the final analysis (FIGURE 2). Of those
59 individuals, 30 were randomized to the DN group
and 29 to the SH group. Baseline demographic and
self-reported variables for all participants are shown in
Table 1.
Primary results of the between-group comparisons
are depicted in Table 2. Overall, both groups exhibited a clinically meaningful reduction in pain with
the functional activities (step-up, step-down, squat)
immediately post-treatment and at 72 hours, based
on a 30% reduction42 in the NPRS scores. But the
differences between the groups on the NPRS scores
immediately following treatment and at 72 hours
were not significant (p=0.22, 0.31). There were
no significant or clinically meaningful differences
between the groups or over time within each group
based on the LEFS, Kujala or GROC scores. The minimal clinically important difference for the LEFS has
been reported to be 8 to 9 points,38,39 10 to 13 points
for the Kujala scale,37,39 and 3 points for the GROC.46
Based on analysis using Fisher’s Exact Test, the
number of participants who correctly versus incorrectly guessed the treatment they received was not
significantly different between groups (p=0.41).
Seventeen (63%) of the participants in the SH group
thought they had received the DN treatment, four
(15%) correctly stated they had received the SH
treatment, and six (22%) were unsure. Similarly,
twenty (71%) of the participants in the DN group
correctly identified the treatment they received,
two (7%) believed they were in the SH group, and
four (14%) were unsure. The remaining individuals
either did not attend their follow-up appointment

(n=3) or simply failed to respond to the question
regarding perceived treatment (n=3).
None of the participants experienced serious adverse
events or had to discontinue the study due to studyrelated procedures. Furthermore, no participants
reported any minor transient side effects such as
lightheadedness, nausea, or fatigue after receiving
the DN or sham treatments.
DISCUSSION
PFPS remains a complex and significant clinical
problem. Despite its high prevalence among active
individuals1-6 and recent innovations in rehabilitation,9-12,26 the etiology of PFPS remains poorly understood. A number of abnormal biomechanical and
neuromuscular factors may contribute to increased
patellofemoral joint reaction forces, which in turn
ultimately lead to pain and dysfunction.9-12,26 Because
the etiology of PFPS is multifactorial in nature, and
due to the variations in the clinical presentation of
patients, numerous treatment strategies have been
proposed for the condition. Dry needling is a therapeutic intervention that has been growing in both
popularity and supportive research evidence.13-16 DN
has been investigated extensively in populations
of individuals with low back pain,13,30,31,49,50 neck
pain,15,51-54 and shoulder pain,15,16,55-58 while more
limited research has been published regarding its
effects on less prevalent musculoskeletal conditions
such as plantar fascitis,59 Achilles tendinopathy60
and temporomandibular joint dysfunction.61 No previous investigation has examined the effects of DN
on symptoms in subjects with PFPS. Therefore, the
purpose of the study was to determine if a single session of DN to the quadriceps femoris muscles was
more effective at reducing pain and disability than
a sham treatment in individuals with PFPS. There
were no significant differences in outcomes existed
between the groups at any time following the intervention, suggesting that a single session of DN was
not more effective than a sham treatment at reducing short-term pain and disability in individuals with
PFPS when used as an isolated treatment approach.
While no significant differences were found between
groups in any outcome, point estimates of treatment
effects consistently favored DN over SH. Therefore,
it is certainly possible that DN is effective for some
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Figure 2. Flow of participant recruitment and exclusion.

patients with the condition and not effective for others. This would align with many practitioners’ clinical experience as well as other evidence suggesting
that there are sub-groups of patients with PFPS
who respond best to specific interventions based
on the identification of distinct clinical characteristics.34,40,62-67 Koppenhaver and colleagues recently
identified several baseline examination factors that
were associated with clinical improvement after DN
in subjects with LBP.30 Future studies of individuals
with PFPS should determine if there are variables

from the history and physical examination that are
associated with or predictive of a successful response
to treatment with DN.
The current study specifically investigated the
short-term response of individuals with PFPS to a
single session of DN or a sham treatment. A possible shortcoming of the study was the fact that
the participants’ response to the intervention was
measured only as far out as 72 hours. The follow
up periods reported in most randomized trials of
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Table 1. Baseline demographic and self-reported variables

patients with PFPS tend to be on the order of weeks
or months.28,29,68-71 Although clinically meaningful
reductions in pain were seen in both groups during the study period, the difference between the
two groups was not significant, and the differences
in the LEFS, Kujala and GROC scores did not reach
clinically meaningful levels. In addition to the short
follow up period, the study participants were seen
for just a single treatment session. Previous investigations of DN for the treatment of other prevalent
musculoskeletal disorders included multiple treatment sessions, with many occurring over a period
of several weeks.14,53,59,72,73 Therefore, the single treatment session and brief follow-up period that used
in the current study may not reflect typical clinical
practice and also made it difficult to draw any strong
conclusions about the effectiveness of the intervention, particularly given that PFPS is considered to be
a chronic problem with a high recurrence rate.8,74-76
Future investigations should consider the use of multiple treatment sessions to more accurately replicate
what is done in a clinical setting. The intervention
was also limited to just DN and the authors recognize that using a single treatment modality may not
be representative of a typical clinical strategy for the
management of patients with PFPS. Clinical experts
report that the strongest research evidence shows
that multimodal or combined interventions result in
the most robust and consistent therapeutic effects
for individuals with anterior knee pain.9,26 Therefore,

recommendations for future studies in PFPS populations include the investigation of DN in conjunction
with other interventions such as quadriceps and gluteal strengthening, stretching, patellofemoral joint
mobilization, and taping.77
Despite these limitations, the current investigators
believe that the approach was a reasonable initial
venture into examining the specific, isolated effects
of one session of DN as an intervention for persons
with PFPS. No known published report has examined the use of dry needling for the treatment of
PFPS. Two previous investigations28,29 described the
use of acupuncture as an intervention for anterior
knee pain, with conflicting results. Jensen and colleagues28 treated traditional acupuncture points that
included the low back, vastus medialis, vastus lateralis and peripatellar regions. The authors treated
their subjects twice a week for 4 weeks and reported
that acupuncture reduced pain better than a control at five months post-intervention.28 Naslund et al
described sensory stimulation of acupuncture sites
just proximal and distal to the knee in subjects with
idiopathic anterior knee pain.29 Subjects were randomized into deep (treatment) and minimal superficial (control) groups and treated twice a week for
a total of 15 treatments. The investigators reported
a clinically meaningful reduction in pain in all subjects at a six-month follow up, with no significant
difference between the two groups.29 However, the
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Table 2. Mean and standard deviation (SD) of each self-report instrument
over time

treatment techniques used in those studies and the
proposed mechanisms for traditional acupuncture
are substantially different than DN, making it difficult to draw comparisons with the results of the
current study.
The current investigation focused treatment on
the quadriceps femoris muscles because patients
with PFPS characteristically present with weakness
and poor motor control of that muscle group.11,2225,78
Restoration of quadriceps muscle strength and
function are predictive of a successful rehabilitation outcome for patients with PFPS.26,27 Travell and
Simons described trigger points in three of the four

quadriceps femoris muscles which, when palpated,
could generate the peripatellar and anterior knee
pain that is characteristic of PFPS.21 They proposed
that treatment of these trigger points may be an
effective way to diminish the pain associated with
PFPS and to help restore quadriceps muscle function.21 Based on their work, the intervention used
in this study focused on the vastus medialis, rectus femoris, and vastus lateralis muscles. However,
because addressing proximal impairments has been
shown in recent studies9,12,26 to be an important component in the successful rehabilitation of patients
with PFPS, future investigations should consider DN
treatment of hip and trunk muscles that have been
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linked to the disorder. Specific target muscles that
should be considered in future needling studies of
patients with PFPS are the gluteal, hip lateral rotator,11,26,68,79-83 and trunk muscles.84-86
CONCLUSIONS
The authors believe that this was the first study to
examine the effects of DN in a population of individuals with PFPS. Both the DN and SH groups experienced clinically meaningful reductions in pain
during the study period. However, the differences
were not statistically significant, and there were no
differences between the groups in terms of the LEFS,
Kujala or GROC scores. There were a number of
possible shortcomings in the study design, and recommendations for future randomized trials include
investigating the effects of DN on patellofemoral
pain and disability include multiple treatment sessions, alternative needling sites, longer follow up
periods, and DN treatment in conjunction with other
interventions such as specific therapeutic exercises,
manual therapy, and taping. Additionally, future
studies should attempt to identify the characteristics
of individuals with PFPS who respond successfully
to treatment with DN. Until a clinically relevant subgroup is established, DN should not be considered as
an isolated intervention for patients with PFPS.
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COMPARISON OF THREE DIFFERENT DENSITY TYPE
FOAM ROLLERS ON KNEE RANGE OF MOTION AND
PRESSURE PAIN THRESHOLD: A RANDOMIZED
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ABSTRACT
Background: Foam rolling is a popular form of roller massage. To date, no studies have examined the therapeutic effects of
different density type rollers. Understanding the different densities may provide clinicians with the knowledge to accurately prescribe a particular foam roller and safely progress the client.
Purpose: The purpose of this study was to compare the immediate effects of three different density type foam rollers on
prone passive knee flexion range of motion (ROM) and pressure pain thresholds (PPT) of the quadriceps musculature.
Study Design: Pretest, posttest randomized controlled trial.
Methods: Thirty-six recreationally active adults were randomly allocated to one of three groups: soft density, medium density, and hard density foam roller. The intervention lasted a total of two minutes. Outcome measures included prone passive
knee flexion ROM and PPT. Statistical analysis included parametric and non-parametric tests to measure changes among
groups.
Results: Between group comparisons revealed no statistically significant differences between all three rollers for knee ROM
(p=.78) and PPT (p=.37). Within group comparison for ROM revealed an 8⬚ (p< 0.001) post-intervention increase for the
medium and hard density rollers and a 7⬚ (p< 0.001) increase for the soft density roller. For PPT, there was a post-intervention increase of 180 kPa (p< 0.001) for the medium density roller, 175 kPa (p< 0.001) for the soft density roller, and 151 kPa
(p< 0.001) for the hard density roller.
Conclusion: All three roller densities produced similar post-intervention effects on knee ROM and PPT. These observed
changes may be due to a local mechanical and global neurophysiological response from the pressure applied by the roller.
The client’s pain perception may have an influence on treatment and preference for a specific foam roller. Clinicians may
want to consider such factors when prescribing foam rolling as an intervention.
Level of evidence: 2C
Keywords: Massage, muscle soreness, perceived pain, recovery, roller

1
2

California State University Dominguez Hills, Carson, CA, USA
National Academy of Sports Medicine, Chandler, AZ, USA

Conﬂict of Interest: The authors have no conﬂict of
interest with this study.

CORRESPONDING AUTHOR
Scott W. Cheatham, PhD, DPT, PT, OCS,
ATC, CSCS
Associate Professor
California State University Dominguez Hills
1000 E. Victoria Street, Carson, California 90747
E-mail: Scheatham@csudh.edu

The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 474
DOI: 10.26603/ijspt20180474

INTRODUCTION
The popularity and use of foam rolling has increased
over the past decade and has emerged as one of the
top 20 fitness trends the past two years (2016-2017)
in the United States.1,2 The majority of research has
focused on the effects of foam rolling as a form of
roller massage.3 The research suggests that foam rolling may be used as a warm-up without negatively
effecting performance and may enhance joint mobility at the shoulder,4,5 lumbopelvis,6,7 hip,8-14 knee,14-18
and ankle.19,20 Researchers have found that foam rolling may reduce post exercise decrements in muscle
performance,3,21-24, increase posttreatment pressure
pain thresholds (PPT),15,16,22,24-27 and reduce the effects
of delayed onset muscle soreness in healthy individuals.3,21,28-30 Several recent studies have also documented
positive post-exercise effects of rolling for different
sports,29,31-33 occupations,34 and fibromyalgia.35
Many different foam rollers are available to consumers which vary in density, shape, and surface
texture. These architectural differences may influence how the myofascial tissues are being massaged
during treatment. More specifically, the density
and surface texture of the foam roller may provide
a more effective massage to the tissue than a less
dense roller. Curran et al36 investigated the pressure
being applied by a higher density, multilevel textured surface foam roller and a lower density, solid
EVA roller with a uniform textured surface to the lateral thigh of ten subjects (N=10). The researchers
found that the higher density, multilevel textured
roller produced more pressure and isolated contact area on the target tissues than the less dense,
smooth textured roller.36 Despite the small sample
size, this study has become a reference standard
and has prompted researchers to use higher density
foam rollers in their investigations.3,15,21,28,37
Since the Curran et al36 study, no other investigators
have compared the therapeutic effects of different
density rollers. They have either used commercial
high-density rollers or developed their own custom
high-density roller.3,21,28 The unknown therapeutic
effects of various density rollers create a knowledge
gap that has potential implications for clinical practice. The clinician is challenged with the inability to
provide an evidence based recommendation for the
type of foam roller for a patient and may depend on

personal preference.3 Furthermore, the client may
purchase a foam roller based upon price, personal
preference, or recommendation by a clinician.
Further investigation into the therapeutic effects
of different density foam rollers is warranted given
the gap in the knowledge about foam rolling. Understanding the effects of different density foam rollers
may provide clinicians with the knowledge to more
accurately prescribe a particular foam roll and to
safely progress the client through different densities.
The purpose of this study was to compare the immediate effects of three different density type rollers
on passive knee range of motion (ROM) and pressure pain threshold (PPT). The authors of this study
hypothesized that the higher density foam roller will
have a greater effect than the less dense roller. This
investigation was also considered exploratory and a
starting point for future research.
METHODS
This pretest, posttest randomized controlled trial
was approved by the Institutional Review Board
(IRB:18-023) at California State University Dominguez Hills.
Subjects
Thirty-six recreationally active adults (Males=26,
Females=10) were recruited via convenience sampling (e.g. flyers) and randomly allocated into three
groups of 12 subjects: (1) soft density, (2) medium
density, and (3) hard density foam roller intervention groups (Table 1). Recruited subjects reported
participated in recreational fitness activities (e.g.
walking) and prior experience using a foam roller
within the last two years but were not currently
using any devices. Exclusion criteria included the
presence of any musculoskeletal, systemic, or metabolic disease that would affect lower extremity joint
ROM or tolerance to PPT testing and the inability to
avoid medications that may affect testing. Descriptive demographic information is provided in Table 2.
Instruments
Two instruments were used in this investigation
to measure ROM and PPT. For ROM, the baseline
digital inclinometer (Fabrication Enterprises, White
Plains, NY, USA) was used to measure passive knee
flexion ROM. The manufacturer reports an accuracy
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Table 1. Consort Flow Diagram

Table 2. Subject demographics

of ± 0.5 degrees.19 This device has been shown to
be valid and reliable for measuring lower extremity ROM (Figure 1)38-41 and has been used in prior
foam roller research.15,26,37 Second, The JTECH (Midvale, UT) Tracker Freedom® wireless algometer
(Figure 2) was used with the accompanying Tracker

5® Windows® based software to measure PPT. The
manufacturer reports an accuracy error of <± 0.5%
(.05kg/cm2) for this technology.42 Algometry is a
valid and reliable tool for measuring pressure pain
thresholds.25,43-45 This instrument has also been used
in prior foam roller research.15,26,37
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Figure 1. Baseline digital inclinometer.

Figure 3. Soft (silver), medium (orange), and hard (black)
foam rollers.

GRID X roller (black) had a hard, hollow core that
was wrapped in very firm EVA foam (Figure 3).

Figure 2. JTECH algometer.

Instructional Video and Foam Rollers
A commercial internet-based instruction video was
used in this investigation (TriggerPoint, a division
of Implus, LLC, Austin, Texas). The short foam rolling instructional video demonstrated the use of the
foam roller on the left quadriceps muscle group. This
video has been used in prior foam roll research.15,26,37
The three foam rollers used in this study were manufactured by TriggerPoint™ and all had the same multilevel GRID surface pattern and diameter (14cm)
which allowed for a direct comparison. The difference between the three rollers was the density. The
soft density CORE roller (silver) was constructed of
solid EVA foam, the medium density GRID roller
(orange) had a hard, hollow core that was wrapped
in moderately firm EVA foam, and the hard density

Outcome Measures
Two outcome measures were used for the pretest and
posttest measures for each group. For passive knee flexion ROM, subjects lay prone on a carpeted floor. The
examiner grasped the left ankle and passively moved
the left knee to the end of the available flexion ROM to
the point where the knee could no longer be passively
moved without providing overpressure or point of initial
discomfort.15,26,37,46-48 The ROM measurement was then
taken by the examiner. The examiner monitored for any
compensatory movement through the lower extremity
and pelvis. This testing technique was chosen since it
replicated the same hip position and knee movements
that occurred during the foam roll interventions.15,26,37
For PPT, the left quadriceps group was tested with the
subject in the relaxed standing position (average of two
measurements).16,49,50 The 1.0-cm2 probe of the algometer was placed into the midline of the left quadriceps
(rectus femoris) midway between the iliac crest and
superior border of the patella. The graded force was
applied at a constant rate of 50-60 kilopascals per second
(kPa/sec) until the subject verbaelly reported the presence of pain.16,49,50 These outcome measures have been
used in prior foam roller research.15,26,37
Pilot Study
Prior to data collection, a two-session pilot training
was conducted to establish intrarater reliability. The
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primary investigator took all the measurements. The
primary investigator is a licensed physical therapist
with over 13 years of experience and board certified in orthopaedics. Ten independent subjects were
recruited and tested for this portion of the study.
The intrarater reliability was calculated using the
Intraclass Correlation Coefficient (ICC model 3, 3).
There was excellent intrarater reliability for passive
knee flexion ROM (ICC= 0.95; 95% CI 0.83-0.99) and
pressure algometry (ICC= 0.94; 95% CI 0.61-0.90).51
Procedures
All eligible participants were given an IRB approved
consent form to read and sign before testing. Participants then completed a questionnaire to provide
demographic information. All participants were
tested by one investigator and were blinded from the
results and other participants enrolled in the study.
Testing was conducted between the hours of 10 AM
and 2 PM and subjects were instructed to refrain from
any strenuous activity for three hours prior to testing
and from taking any medication that would interfere
with testing. All subjects underwent one session of
testing that included: pretest measures, followed by
the intervention, then immediate posttest measures.
Prior to testing, the primary investigator first
explained the process to each subject and answered
any questions. Then each subject was given a foam
roller (based on group allocation) and followed an
instructional video that demonstrated the use of the
foam roll on the left quadriceps muscle group.15,26,37
Subjects followed the video with no feedback from
the observing primary investigator. The instructor
in the video provided a brief introduction and then
discussed the foam rolling technique. The instructor divided the left quadriceps into zone one: top of
patella to middle of the quadriceps and zone two:
middle quadriceps to anterior superior iliac spine.
The model in the video was instructed to get in the
plank position, position the roller above the left
patella and roll back and forth longitudinally in zone
one four times at a cadence of one inch per second.
The model was then instructed to stop at the top of
zone one followed by four active knee bends to 90
degrees. This sequence was repeated for zone two.
The intervention portion lasted a total of two minutes. Subjects used the specific foam roll they were
assigned to based upon their group allocation (e.g.

soft, medium, or hard density). These procedures
have been used in prior foam roller research.15,26,37
STATISTICAL ANALYSIS
Analysis
Statistical analysis was performed using SPSS version 24.0 (IBM SPSS, Chicago, IL, USA). Subject
descriptive data was calculated and reported as the
mean and standard deviation (SD) for age, height,
body mass, and body mass index (BMI) (Table 2).
Group differences were calculated using the ANOVA
statistic for continuous level data and the Kruskal
Wallis statistic for ordinal level data. Between group
difference were calculated using the ANCOVA statistic.52 For the ANCOVA, the independent variable
was the group, dependent variable was post-test
scores, and pretest scores was the covariate. Within
group comparisons were calculated using the paired
t-test. Effect size (ES) was calculated (d = M1 - M2 /
σpooled) for each group. Effect size of >.70 was considered strong, .41 to .70 was moderate, and < .40 was
weak.53 All statistical assumptions were met for the
ANOVA, ANCOVA and paired t-test statistics. Statistical significance was considered p< .05 using a conservative two-tailed test.
RESULTS
Thirty-six subjects completed the study (Table 1).
There was no statistically significant difference
between groups for age (p=.81), height (p=.66), body
mass (p=.38), or BMI (p=.27). There were no adverse
events or subject attrition during data collection.
Patient demographic data is presented in Table 2.
Between Group Analysis
Between group comparisons were calculated. For
passive knee flexion ROM, the between group analysis revealed no significant difference between the
three types of foam rollers [F (2,32) =.247, p=.78,
partial η2=.015]. For PPT, no significant differences
were found between the three types of rollers [F (2,
32) =1.02, p=.37, partial η2=.196].
Within Group Comparison
Within group comparison results are presented in
Table 3. For passive knee flexion ROM, within group
analysis revealed a posttest increase of 7° (p<.001,
ES: .92) for the soft density roller, 8° degrees
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Table 3. Pretest, posttest descriptive results

(p<.001, ES: 0.76) for the medium density roller,
and an 8° (p<.001, ES: 1.26) increase for the hard
density roller. For PPT, a posttest increase of 175 kPa
(p<.001, ES: 0.76) for the soft density roller, 180 kPa
(p<.001, ES: 0.85) increase for the medium density
roller, and a 151 kPa (p<.001, ES: 0.60) increase for
the hard density roller. All densities of rollers demonstrated comparable changes in ROM and PPT.
DISCUSSION
This investigation compared the effects of three different density type rollers with the same multilevel
surface pattern. This allowed for a direct comparison of different foam roll densities which may have
clinical implications. The between group analysis
revealed that all three density type rollers produced
statistically similar post-test increases in passive
knee flexion ROM (p=0.78) and PPT (p=0.37). Curran et al36 is the only known investigation to document the effects of two foam rollers with different
densities and surface architecture on myofascial tissues. The researchers did not measure the therapeutic effects of the rollers. This current investigation
built upon the prior study by measuring the effects
of three density type rollers on knee joint ROM and
PPT of the quadriceps.
Clinical Implications
The results of this investigation should be considered
exploratory and a starting point for future research.
The results suggest that the myofascial system may
respond to different density foam rollers in a statistically comparable manner as observed by the postintervention changes in joint ROM and PPT. These

observed changes may be due to a mechanical and
neurophysiological response.19,37,54 The direct pressure of the roller may produce a local mechanical
and global neurophysiological effect that influences
tissue relaxation and pain reduction in the target
and surrounding tissues.25,55,56 For tissue relaxation,
the local pressure from the roller may affect the
viscoelastic properties of myofascia which may be
responsible for the changes. Other mechanisms that
may be involved include thixotropy (reduced viscosity), myofascial restriction, fluid changes, and cellular responses.19,54 Researchers have also found that
rolling reduces arterial stiffness57, increases arterial
tissue perfusion,58 and improves vascular endothelial function57 which are related to tissue relaxation.
For pain reduction, researchers have postulated
that the pressure from the roller may modulate
pain through stimulation of cutaneous receptors,25
mechanoreceptors,55 afferent central nociceptive
pathways (gate theory of pain),25,59 and descending
anti-nociceptive pathways (diffuse noxious inhibitory control).7,25 Researchers have found that rolling
decreases evoked pain59 and reduces spinal excitability55 which provides evidence for these theories.
Because the post-intervention changes among all
three density rollers were similar, clinicians may
want to consider the client’s pain perception when
prescribing a particular roller. The Curran et al36
study supports the effectiveness of a harder density
roller but did not consider the influence of a client’s
pain perception. Pain is a very complex multidimensional process involving the central nervous system
and other systems of the body.60,61 Clients may choose
a foam roller based upon their pain perception and
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threshold during rolling. For example, a hard density roller may produce more discomfort during the
intervention eliciting a protective muscle guarding
response.62,63 Understanding this may help guide the
clinician in prescribing a specific foam roll and progressing them through the different densities.
Limitations
There are specific limitations to the investigation
that need to be discussed. First, this investigation
tested healthy subjects which limits the generalizability of the results to this population. Second, the
three foam rollers used had the same multilevel
GRID pattern surface and diameter which allowed
for a direct comparison. Other foam rollers with
different surface patterns, diameters, and densities may have produced different results. Third, the
short-term effects of each foam roll intervention
was studied with the left leg only. Fourth, the testing examiner was not blinded to the results of the
study which could have led to testing biases. Last,
the instructional video used in the intervention only
demonstrated one foam rolling technique on the
left quadriceps group. Other rolling techniques may
have produced different results as well as testing
other muscle groups.
Future research
Future studies are needed to validate the results of
this study and to develop a consensus on the optimal
type of foam roller for specific clients. Furthermore,
research should attempt to determine the longerterm effects of different types of foam rollers based
upon surface patterns, density, and foam roll material using the similar research methods. The current
foam roller research is variable with different methodology which prevents a direct comparison among
studies.3,28
CONCLUSION
This was the first investigation to measure the shortterm effects of different density foam rollers on passive knee flexion ROM and PPT of the quadriceps
musculature. All three foam roll densities produced
statistically similar post-intervention effects on both
ROM and PPT. These observed changes may be due to
a mechanical and neurophysiological response that
can be triggered by low, moderate, or high-density

roller pressure. The density of the roller and client’s
pain perception may have an influence on treatment
and preference for a specific foam roller. Clinicians
may want to consider such factors when prescribing
foam rolling as a myofascial intervention.
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INFLUENCE OF TOPICALLY APPLIED MENTHOL
COOLING GEL ON SOFT TISSUE THERMODYNAMICS
AND ARTERIAL AND CUTANEOUS BLOOD FLOW
AT REST
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ABSTRACT
Background: Topical application of menthol is a popular form of cold therapy and chemically triggers cold receptors
and increases cutaneous blood flow. However, although cutaneous blood flow increases, it remains unknown where
this increase arises from. Intramuscular temperature assessment may indirectly indicate a change in muscular blood
flow.
Purpose: To establish intramuscular temperature, blood flow responses and subjective temperature sensation following application of menthol-based cooling gel to the anterior thigh.
Study design: Controlled, randomized cross over interventional study
Methods: Twenty (age: 21.4 + 1.7) healthy males were treated on three separate days in random order with ice, a
menthol-based gel or placebo gel (participant single blinded) on one anterior thigh. All measurements were taken at
baseline and for 80 mins following treatment: 1) Skin, core, and intramuscular temperatures (1 & 3 cm deep); 2) femoral arterial blood flow (duplex ultrasound); 3) cutaneous blood flow (laser Doppler) and 4) subjective cold sensation.
Results: Ice and both gels decreased (p<0.0001, CI (Ice): -5.2 to -6.2 and CI (gels) -1.4 to -2.5) intramuscular temperature by 5.7 and 1.9°C respectively, but by 80 mins were similar to each other (1.5-2°C less than pre-treatment). Skin
temperature mirrored muscle temperature with 8.8 and 4.2°C respective decline for ice and gels. Menthol gel
increased (p<0.0001) cutaneous blood flow by 0.3 ml/min compared to unaltered flow associated with the placebo
gel and a decline of 0.3 ml/min for the ice. Menthol gel cold sensation was subjectively reported to be cooler (p<0.0001)
than the other two treatments. Core temperature and arterial flow were unaffected.
Conclusion: This is the first study to demonstrate the intramuscular cooling effect of menthol-based gel. However,
the likely cause was from evaporative cooling despite menthol-derived increases in cutaneous blood flow and cooling
sensation.
Level of evidence: Treatment, level 2.
Key words: Cold therapy, intramuscular temperature, temperature sensation
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INTRODUCTION
Cold therapy is widely used to reduce the amount
of soft tissue damage following an acute injury1 and
has been proposed to reduce inflammatory response,
haematoma, oedema and pain.2–4 Cold therapy is
typically administered by either ice or gel packs,
ice massage, or cold water immersion. Such forms
of therapy can often be impractical due to environmental factors and access issues to freezers and ice
baths when travelling. Additionally, these forms of
cold therapy require at least 10 minutes of application for effect1 thus, rendering their use for minor
injuries during games/competition likewise impractical. Therefore, localized topical application of menthol containing cooling gels may represent a suitable
and practical alternative.
Menthol is an ingredient that activates Transient
Receptor Potential Melastatin 8 (TRMP8) channels
which are non–selective and are known to also open
in response to cold temperature (8-28°C).5 Menthol
and cold therapy provide cold sensations6 as well as
an analgesic effect.7,8 In contrast to traditional ice
therapy which decreases cutaneous blood flow,9,10
menthol has been shown to increase cutaneous blood
flow.11,12 This increased cutaneous flow occurs through
activation of TRMP8 receptors in the vascular cells,12,13
which in turn increase Nitric Oxide production from
the endothelial cells resulting in localized vasodilation.12,14,15 This, in itself, could have important clinical
benefit for treating patients with peripheral neuropathy by increasing cutaneous blood flow to their hands
and feet to help with distal sensation.11
The resultant increased cutaneous blood flow has
to occur by diverting blood from another region
and there is no topical menthol research describing
where this blood may be redirected from. Therefore,
it can be speculated that the menthol induced vasodilation and increased cutaneous flow, as previously
described,11,12 derives from a diversion of blood from
muscle and in doing so may reduce intramuscular
temperature. Thus, menthol may induce intramuscular cooling, reduce inflammation and edema with
similar endpoints to ice but through an alternative
mechanism. However, to the authors’ knowledge,
no research has demonstrated if intramuscular
temperature decline occurs following treatment of
topical menthol. Accordingly, the author’s aim was

to establish intramuscular temperature, blood flow
responses and subjective temperature sensation
following application of menthol-based cooling gel
to the anterior thigh. In order to establish this the
authors compared a menthol containing gel; a placebo gel; and a traditional ice pack, within a cross
over design. To account for the effects of rest over
time the authors also took measurements from the
untreated contralateral leg. The authors hypothesized that the menthol gel would increase cutaneous
blood flow, by reducing intramuscular temperature
while maintaining arterial blood flow and increase
cooling sensation.
METHODS
Twenty young healthy, active males were recruited
for the study, their age; mass and height were 21.4
+ 1.7 years, 81.4 + 10.5 and 179.1 + 7.9 cm respectively. A difference of 3.8°C + 1.5°C temperature decline difference between ice and menthol
gel treatment for 95% power was used to calculate a minimum sample size requirement of n=5
(G*Power) was estimated (5% significance level).
All participants were to be injury free and had to
avoid any unaccustomed exercise during the trial
that may cause delayed onset of muscle soreness
(DOMS). Participants abstained from strenuous
exercise and followed their usual dietary habits for
24 h prior to test sessions, which were conducted
at the same time of day to account for circadian
variation.16 Skinfold measurements of the anterior
thigh did not exceed 20 mm. Approval for the study
was granted by the local research ethics committee in accordance with the Helsinki Declaration of
2013 and all participants signed an Informed consent form prior to testing and their rights protected
throughout the entire process.
EXPERIMENTAL OVERVIEW
Participants attended the laboratory on three separate occasions, in the morning, with at least 48
hours between visits. The participants were asked
to refrain from any physical activity 24 hours preceding their visit and arrive following a 10 hour fast
whereupon they were fed a standardized breakfast
of 30 g of cornflakes and 150 ml of semi skimmed
milk one hour prior to testing. They arrived with
activity and diet diaries completed for the preceding
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seven days. Every participant received all three
different treatments (1 per visit) in random order,
by using Excel (Microsoft Office 2013 Professional
Plus) RAND function, in a cross over design. The
laboratory conditions were kept at a constant 22°C
throughout. The leg to be treated was randomly
selected, by also using Excel, on the first visit but
kept the same for the remaining two visits. The trial
was run by an experienced physiologist (PhD) along
with a postgraduate physiologist (Mphil). No adverse
side effects were reported.
Following breakfast, the participants ingested a telemetric core temperature capsule (Philips VitalSense,
Linton Instrumentation, Norfolk, UK) with the assistance of tap water. The participants then had intramuscular temperature probes (13050, 0.7 mm diameter,
Ellab, Hilleroed, Denmark) inserted into both anterior thighs, along with surface skin temperature thermisters (MHC, Ellab, Hilleroed, Denmark) attached
(Figure 2B) whereupon temperature was recorded
prior to resting for 60 minutes. Then femoral arterial
blood flow was recorded using a 10-MHz multifrequency linear array transducer attached to a highresolution ultrasound machine (Sonosite, M Turbo,
FUJIFILM SonoSite, Inc. Washington) and marked
for repeat measurements along with cutaneous blood
flow from the vastus lateralis. Then the treatment of
either ice pack, menthol-based gel or placebo gel were
applied to one thigh while the other thigh was used to
control for the effects of rest. Immediately following
treatment measurements of skin and intramuscular
temperature, cutaneous blood flow and a visual thermal comfort scale17 were taken and repeated every 10
minutes. Femoral arterial flow was measured every
20 minutes. These measurements were continued up
until 80 minutes (Figure 1).

Figure 1. Time course of the experimental procedure. During the 80 minute period the temperature measurements will
be recorded every 5 minutes whereas the blood ﬂow every 20
minutes.

INTERVENTIONS
The anterior thigh portion of the leg to be treated
was marked; a line was drawn from the greater trochanter of the femur to the lateral tibial condyle,
the highest thigh circumference (below the groin)
was then measured from this line with half of the
circumference drawn across to the other side of the
leg. Then, the lowest thigh circumference was drawn
from the same line just above the patella with half
of this circumference drawn across to the other side
of the leg. Then, the two medial half circumferences
were joined up to complete the markings for the anterior region to be treated (Figure 2A). Then a flexible
plastic grid containing 1.5 cm diameter holes, 1 cm
apart from each other, was placed over the marked
anterior thigh portion (Figure 2C). Even portions of
either Deep Freeze Cold Relief Gel (The Mentholatum Company Ltd, East Kilbride, UK) containing
(3% by weight [w/w] levomenthol; 35-40% w/w ethanol) or placebo gel (The Mentholatum Company
Ltd, East Kilbride, UK) (0% w/w levomenthol; 3%
w/w water; 35-40% w/w ethanol) were then placed
into the holes, ensuring sufficient amounts applied
by covering the skin area exposed by the holes. The
quantity of gel used for each participant was measured by weighing the gel tube twice for pre and post
treatment. The overall amount of menthol gel used
was 5.1 + 1.2 ml/200 cm2 vs. 5.7 + 1.1 ml/200 cm2
of placebo gel with no statistical difference (paired
t-test) between the two. Although this is greater
than previous studies which used 1 ml/200 cm2 18,19
and 3.3 ml/200 cm2, these prior studies have used
hand/wrist and forearms respectively. Whereas our
the present study used the anterior thigh which is
a far greater surface area therefore provides greater
capacity for gel absorption during massage. The grid
was then removed whereupon the gel was gently
massaged using a stroking technique grade 120 into
the skin for 10 minutes. The sampling area where
the probes were located formed ~14% of the overall
treatment area; although this sampling area had gel
applied it was carefully massaged into the skin by
avoiding the probes to prevent disturbing positioning. For the ice treatment two plastic bags containing ice were secured to the marked anterior thigh
portion, on top of a dry paper towel for 10 minutes.
The control leg was covered with cloth to protect
from the cold effects of the ice.
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Figure 2. Anterior thigh - region of treatment (A), experimental measurements for femoral arterial blood ﬂow (Ultrasound
duplex), cutaneous blood ﬂow (Laser doppler), intramuscular temperature (probes) and skin temperature (thermistor) (B) and gel
application (C).

MEASUREMENTS
Core, skin and muscle temperature
Telemetric Tcore capsules were consumed upon
arrival to the laboratory two hours prior to experimental trials to ensure passing into the gastrointestinal tract.21 These capsules then transmitted
core temperature to data monitor (Equivital EQ02
LifeMonitor, Cambridge, UK) at a frequency of four
samples/min which transmitted to an Android application (eqView, Equivital, Cambridge, UK) for recording. A skin thermistor was attached 5 cm proximal
to the intramuscular electrodes of the vastus lateralis (Figure 2B) for the assessment of skin temperature. Thigh skinfold thickness was measured using
Harpenden skinfold calipers (Baty International,
West Sussex, United Kingdom) and divided by two to
determine the thickness of the thigh subcutaneous
fat layer over each participant’s vastus lateralis, following which the surface area was cleaned with an
alcohol swab. Then, intramuscular temperature was
assessed using two sterilized needles (1.4 mm diameter), containing sterilized temperature probes; these
contain small thermocouple probes have very low

thermal inertia for a fast response and are insulated
by a thin polymer layer so the surrounding environment cannot alter the measurement. The needles
containing the probes were inserted into the main
belly of the vastus lateralis (Figure 2B) at depths of
1 and 3 cm plus one-half the skinfold measurement,
following which the needle was carefully withdrawn
while ensuring that the probe remained in situ. The
retracted needle was then secured to the thigh using
surgical tape. Both muscle and skin temperature
were then recorded using a hand-held data logger
thermometer (HH378, Omega, Manchester, UK) at
a frequency of one sample/second. Both intramuscular and skin probes were checked for accuracy by
regularly performing two-point calibrations using
known water temperatures. The validity of this technique been confirmed previously work where there
was observed expected intramuscular temperature
rises following exercise induced hyperthermia.22
Heart Rate and Arterial Pressure
Heart rate was continuously monitored during
the experimental protocol (Accurex Plus, Polar,
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Kempele, Finland). Arterial blood pressure was
measured noninvasively via automated brachial auscultation (Dinamap, GE Pro 300V2, Tampa, Florida),
and mean arterial pressure was calculated as follows: diastolic / (0.3333 [systolic – diastolic]).
Femoral Artery Blood Flow
Femoral artery diameter and velocity were measured using a 10-MHz multifrequency linear array
transducer attached to a high- resolution ultrasound
machine (Sonosite, M Turbo, FUJIFILM SonoSite,
Inc. Washington). The images were taken at the
superficial femoral artery ~3 cm distal to the bifurcation (Figure 2B). Ultrasound parameters were set to
optimize longitudinal B-mode images of the lumenarterial wall interface. Continuous and synchronized
pulsed-wave Doppler velocities were also obtained
using the ultrasound machine. Data were collected
using an insonation angle of 60°, and each measurement was recorded for 30 seconds. This position was
marked on the skin for ultrasound head repositioning
during the remaining measures. Post-test analysis of
femoral artery diameter was performed using custom-designed edge detection which provides simultaneous and continuous measurements of arterial
diameter and blood flow velocity. The assessment of
blood flow velocity uses the edge detection algorithm
to assess the peak velocity envelope from the Doppler gate, which is placed in the middle of the artery.
From these data, the software calculates blood flow
(the product of cross-sectional area and blood flow
velocity) at 30 Hz. In this experiment, femoral artery
blood was shown to have a coefficient of variation of
20% on the control leg repeat measurement. All data
were written to a file and retrieved for analysis in
the custom-designed analysis package. The diameter,
velocity, and flow were then calculated as the mean
of the data acquired across each 30-second period for
statistical analysis.
Cutaneous blood ﬂow
A laser Doppler probe (BL 52, Transonic, Ithaca,
NY, USA) was attached to the mid-anterior thigh,
midline, halfway between the inguinal line and the
patella (Figure 2B) for the measurement of cutaneous blood flow. Measurements were determined by
using the average of samples recorded over 30s time
periods for each 10-minute interval.

Subjective measurements
The visual 7 point (1 = much too cool; 7=much too
warm) Thermal Comfort Scale17 was used to establish thermal comfort every 10 minutes. The authors’
have previously used the scale during exercise
induced hyperthermia22 and found a strong relationship with core temperature increases.
Statistical Analysis
All data are presented as mean ±SD. Differences
between conditions for muscle temperature (1 and
3 cm depth), skin temperature, core temperature,
arterial and cutaneous blood flow, subjective thermal rating index were examined using a two factor
(condition [menthol gel, placebo gel, ice] 3 × time,
10) repeated measures ANOVA. Effects of rest and
contralateral influences between treated leg and control leg were examined by using a two factor (condition [menthol gel; contralateral control leg, Placebo
Gel; contralateral control leg], 4 ⫻ time, 10) repeated
measures ANOVA. Where necessary, effects were followed by Tukey’s post-hoc tests. All data analysis was
performed on statistical software (Graphpad Prism
v.6, USA); significance was accepted at α = 0.05.
RESULTS
Temperature
All three treatments significantly reduced intramuscular temperature at the 1 cm (F9,171, =110.5,
p<0.0001) and 3 cm depth (F9,171 = 64.9, p<0.0001)
by ~6% for both gels and ~4% for the untreated legs
across the full-time course (Table 1; Figure 3A). A significant treatment effect also existed at 1 cm depth
(F2,38=9, p<0.001) and a tendency for a difference at
3 cm depth (F2,38=3, p=0.057) (Table 1; Figure 3B);
whereas both depths showed significant interaction
effects between the treatments and across the time
course (1 cm: F18,342=30, p<0.0001, 3 cm: F18,342=7.6,
p<0.0001) (Table 1; Figure 3). This interaction
effect occurred from significantly (p<0.05) lower
intramuscular temperatures of the ice vs. menthol
and placebo gels immediately following treatment,
which declined by ~15% compared to ~6%; the
ice treatment became progressively warmer across
the remaining time period with no differences by
60 and 80 min for 1 and 3 cm depths respectively.
By 80 minutes all of the thighs treated by the three
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Table 1. Intramuscular temperatures in °C for Menthol and Placebo Gel treated legs alongside untreated contralateral legs at
respective corresponding times from pre-treatment through to 80 minutes’ post-treatment at 1 and 3 cm depths.

treated leg with the contralateral untreated leg: both
intramuscular depths displayed significant interactions for both menthol (1 cm: F9,71=9.2, p<0.0001,
3 cm: F27,513=6.8) and placebo gels (1 cm: F9,171=31.2,
p<0.0001, 3 cm: F9,171=8.3, p<0.0001) between
treated and contralateral untreated legs across all
the time points (Table 1). This demonstrated significantly (p<0.0001) cooler values for both gels
vs. contralateral untreated legs by 2-4% at all time
points for 3 cm depth but at just 0-60 minutes at
1 cm depth (Table 1).

Figure 3. Intramuscular temperatures for both legs (vastus
lateralis) at depths of A: 1 cm and B: 3 cm for: both gels vs. ice.
All treatments signiﬁcantly declined over 80 minutes #p<0.01;
time points 0-80 minutes vs. -10 minutes p<0.01 Ice signiﬁcantly less than the gels **p<0.01; Deep Freeze Gel and Placebo Gel signiﬁcantly greater than ice € p<0.05 p<0.01
respectively; placebo gel signiﬁcantly greater than ice $ p<0.05.

conditions were still significantly (p<0.0001) cooler
than before treatment by ~7% for 1 cm and ~6% for
3 cm (Table 1; Figure 3).
When controlling for the effects of rest and massage of gel into the leg, the authors compared the

Core temperature remained unchanged across all
time points with no difference between conditions
(Figure 4A). Skin temperature showed a similar
response to muscle temperature by significantly
(F9,71=384, p<0.0001) reducing temperature in
all three treatments with significantly (p<0.0001)
greater reductions in the ice (~32%) vs. both gels
(~14%) at 0-60 minutes with no differences at 70
and 80 minutes (Figure 4B). All skin temperatures
still remained significantly (p<0.0001) cooler at 80
minutes by ~5% for the ice and ~2% for the gels
when compared to baseline but this was not different than the contralateral untreated leg.
Blood Flow
Skin perfusion showed a significant (F2,38=6.6,
p<0.01) difference between treatments with menthol gel significantly higher than placebo gel (~50%)
and ice (~72%) at 20 minutes (p<0.0001) (Figure
5A). Whereas femoral artery blood flow significantly
(F8,82=325, p<0.0001) decreased by 67% for all three
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Figure 4. Core temperature (A) and skin temperature (B) for
menthol and placebo gel and ice. **p<0.001 *p<0.05 ice vs.
both gels # p<0.001 all treatments change over time.

treatments and contralateral legs across the time
course with no differences between them (Figure 5B).
Heart Rate and Mean Arterial Pressure
Heart rate was not different between treatments but
did significantly (F5,95=4.3, p<0.01) decline, for all
treatments, over the full time period from ~65 to
~62 beats/minute. Mean arterial pressure was also
not different between treatments but did significantly
(F9,95=3.6, p<0.01) increase, for all treatments, over
the full time period from ~93 to ~96 mmHg.
Subjective measures
Thermal comfort demonstrated significant effects
across time (F9, 171 = 4.8, p<0.0001) between treatments (F2, 38 = 3.7, p<0.05) and for interaction (time
⫻ treatment) (F 18, 342= 2, p<0.01). These differences
occurred from: 1) ~7% significantly (p<0.0001)
cooler sensation of the menthol gel vs. ice and placebo gel from 10-80 minutes; 2) ice sensation significantly (p<0.0001) declined by ~14% immediately
following treatment and recovered by 10 minutes,

Figure 5. Cutaneous bloodﬂow (A) and arterial ﬂow from
baseline (pre-treatment) (B) menthol and placebo gel and ice.
*p<0.05 menthol vs. placebo gel $p<0.001 menthol gel vs. ice
$$ p<0.0001 all treatments declined over 80 minutes.

whereas there was no decline in the placebo gel,
but the menthol gel significantly (p<0.01) declined
immediately ~by 9% after but remained lower than
baseline at 10, 40, 50, 60 and 70-minute time points.
DISCUSSION
This is the first well controlled study to demonstrate
that menthol gel increased cutaneous blood flow and
reduced intramuscular and skin temperature without any alterations to femoral arterial blood flow and
core temperature. However, placebo gel also reduced
intramuscular temperature to a similar extent but
without cutaneous blood flow changes. Ice packs
reduced intramuscular temperature, alongside cutaneous blood flow, to a greater extent than both gels
immediately following treatment but was similar by
80 minutes. Core temperature remained unaltered,
for all three treatments, while skin temperature followed a similar response to intramuscular temperature. Menthol gel provided a cooler sensation longer
compared to ice and placebo gel. Thermoregulation
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remained unaltered for all treatments as evidenced
by a decline in heart rate alongside increased MAP
due to likely increase in total peripheral resistance to
maintain circulation during the resting conditions.23
It is well documented that conductive heat transfer
from skeletal muscle to blood occurs in an attempt
to reduce muscle temperature.24 The authors
hypothesized that menthol gel would increase
cutaneous blood flow due to likely activation of
vascular cells TRMP8 to increase endothelial function and subsequent vasodilation.12,14,15 Cutaneous blood flow did increase but arterial blood flow
remained unchanged, in comparison to ice, placebo gel and control leg, therefore the authors are
unsure regarding the source of the increased blood
flow. Interestingly, previous studies19,25,26 examining topical menthol effects observed a decline in
arterial flow due to presence of TRMP8 receptors
in arterial smooth muscle.12 However, these studies
applied menthol to the upper arm19,26 and the upper
leg (anterior and posterior)25 and took blood flow
measurements from brachial and popliteal arteries
respectively; whereas the authors took their measurements from the femoral artery which is larger
and deeper located than brachial and popliteal arteries,27 therefore the relative effects of menthol gel
application are likely to be less. This is despite the
relatively higher dosage used in the present study of
5.1 ml/200 cm2 compared to 1ml/200 cm2 used when
applying to the upper arm18,19 or 3.3 ml/200 cm when
applied to the forearm.19 However, when applied to
the both anterior and posterior of the upper leg 7
ml/200 cm2 has been used25. Therefore, it appears
that the larger the surface area treated, the more
gel can be applied, most likely due to exponentially
greater absorbing capacity; however, it is worth noting that the menthol gel used in the present study
consisted of 3% levomenthol compared to 3.5% used
in all the other reported studies, therefore relative
response to the gel may have been less. Nevertheless, the menthol effect could not have caused the
observed intramuscular temperature decline as this
was similar to the placebo gel both superficially
(1 cm depth) and deep (3 cm) into the muscle. This
effect was not due to the cooling effect of slowing
metabolism from rest28 as these temperatures were
still lower than the untreated control leg which also

reduced, over the same time period. Given the menthol content of the menthol gel did not cause the
observed temperature decline, it suggests that the
ethanol content of the gels, similar to the action of
sweat,29 may have increased evaporation30 to reduce
intramuscular and skin temperatures. Interestingly,
although ice produced far lower temperature immediately after treatment, by 80 minutes the temperature was similar to that of the gels as they were still
present in the skin whereas ice was removed after
10 minutes; any longer would have caused severe
discomfort. Also, following ice application and
removal, intramuscular temperature was becoming
progressively warmer, whereas both gels maintained
temperature decline for the full 80 minutes, suggesting that beyond this time point the gels could display a greater sustained cooling effect than the ice;
which is an important practical consideration for
practioners seeking long term cooling effects during
sporting activities where ice pack application may
be impractical.
Application of menthol gel most likely activated
TRMP8 receptors, and have subsequently activated
cold temperature sensory nerves;6 which may have
caused greater cooler sensation than the other treatments and is associated with analgesic effects,7,8
which is an important consideration when seeking
to treat soft tissue injury.
The exact mechanisms by which menthol provides
local analgesia remain unclear with some suggested
theories; these include increased pain receptor
thresholds31,32 which may be as a result of “The Gate
Control Theory”,31 which blocks pain transmission
when alternative peripheral stimulus is received,
such as hot or cold.32 Recently, a systematic review33
examined the topical analgesic clinical effectiveness of menthol Biofreeze gel on musculoskeletal
pain; the review covered neck, back, knee and hand
pain and delayed onset of muscle soreness of elbow
flexors and knee extensors. Most of the studies demonstrated significant reductions in pain following
menthol gel application, although the knee pain
studies failed to demonstrate clinically important
differences. However, some of the included studies were underpowered and the authors33 recommended follow up research using large randomized
clinical trials to fully establish analgesic effects. In
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the present study, the cold sensation of the menthol gel still existed by 70 minutes post treatment,
whereas cutaneous blood flow returned to normal
by 40 minutes. This is a similar occurrence to that
described by Craighead et al34 who showed menthol induced cutaneous blood flow to return by 45
minutes whereas cooling sensation persisted for 60
minutes. Although the authors did not explain why
there were different time effects, it is likely due to
different location of TRPM8 receptors in sensory
nerves, providing cool sensation35 and the vasculature,12,13 causing vasodilation. Therefore, it is possible that the threshold effects of menthol are different
depending on activation of sensory nerves TRPM8
or vasculature TRPM8. Nevertheless, to fully understand menthol analgesic effects further study using
menthol gel to treat exercise induced muscle damage and soft tissue injury is needed.
Limitations of this study include: 1) the population
used were young and healthy males free of any
acute injury or chronic illness. Therefore, the findings may not apply to both sexes of different ages
that express decrements in cutaneous blood flow;
2) the measurements used were unable to determine where the increased cutaneous blood flow was
redirected from; 3) although the participants where
blinded to the treatments it was impossible to disguise ice vs. gel treatments and even with the placebo gel used it was difficult to mask the menthol
aroma. However, the influence of bias on either the
participant or investigator will have been minimal
due to the objective measurements used while the
participant was in the passive rested state and; 4)
due to the electrode placement on the vastus lateralis it was difficult to directly massage this region
which may have created a bias in measurements,
although this was consistent between the 2 gels.
CONCLUSIONS
In conclusion, the results of this study has demonstrate that at rest, menthol cooling gel increases
cutaneous blood flow and cooling sensation alongside reduced intramuscular and skin temperatures,
which was also shown in the placebo and ice conditions. Although menthol gel intramuscular and skin
temperature was reduced over an extended period
of time, this was likely from the evaporative effects

of alcohol content in the gel rather than from any
pharmacological action of the menthol. Nevertheless, this cooling effect along with the possible analgesic effects of menthol gel, indicates that it could
provide an effective practical alternative to ice treatment for practitioners seeking to treat soft tissue
injury. Further study is needed to establish whether
this is possible.
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ABSTRACT
Background: Fastpitch softball is a popular sport for young females. However, data are limited describing youth
pitching mechanics. Normative data describing pitching mechanics in the two youngest player pitch leagues are critical to gaining an improved understanding of proper mechanics in an attempt to establish injury prevention
programs.
Purpose: The purpose of this study was to examine pitching mechanics in Little League softball pitchers and examine
the relationship of these mechanics and participant anthropometrics to ball velocity.
Study Design: Cross-sectional.
Methods: Twenty-three youth softball pitchers (11.4 ± 1.5 years; 154.6 ± 10.5 cm; 51.0 ± 8.0 kg) participated. An
electromagnetic tracking system was used to collect kinematic data for three fastball trials for strikes over a regulation
distance to a catcher. The pitching motion was divided into three events: top of back swing, stride foot contact, and
ball release.
Results: Youth who were older (r=0.745, p < 0.001) and taller (r=0.591, p = 0.003) achieved greater ball velocity.
Trunk kinematics revealed that greater trunk flexion throughout the three throwing events of top of back swing
(r=0.429, p=0.041), stride foot contact (r=0.421, p=0.046), and ball release (r=0.475, p=0.022) yielded greater ball
velocity. Additionally, greater trunk rotation to the throwing arm side (r=0.450, p=0.031) at top of back swing and
greater trunk lateral flexion to the glove side at ball release (r=0.471, p=0.023) resulted in greater ball velocity.
Conclusion: The significant relationships found between pitching mechanics and ball velocity only occurred at the
trunk, which may highlight the importance of utilizing the trunk to propel the upper extremity in dynamic
movements.
Level of Evidence: Diagnosis, Level 4.
Key Terms: Little League; Mechanics; Shoulder; Pitching
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INTRODUCTION
The windmill softball pitch is a dynamic movement
in which the athlete rapidly moves their arm in a
circular motion to produce an underhand pitch. A
common misconception regarding the softball pitch
is that it produces less stress on the shoulder than
the overhead baseball pitch, however, the literature does not support this notion.1-3 Recent studies
have revealed that the windmill softball pitch generates similar forces about the shoulder as those
seen in overhand pitching.2,3 Studies examining softball pitching mechanics have focused primarily on
kinetics, or forces, about the shoulder and elbow,1-3
ground reaction forces,3-5 and segmental speeds.1-3,5
However, these studies have included wide age
ranges and skill levels of participants, and no study,
has described the kinematics of the youngest level
of competitive softball pitchers.
Approximately 260,000 athletes participate in Little
League softball’s four age-based divisions.6 Despite
the high number of young athletes participating
in the sport, there are limited biomechanical data
describing the windmill pitch in the younger divisions of Little League softball. With the high participation in the sport, it is paramount that young
athletes are instructed on proper pitching mechanics.6 The current literature contains more data on
proper pitching mechanics in baseball compared
to softball. Yet, forces about the shoulder and
elbow are similar between the baseball and softball
pitches despite the fundamental differences in the
motions.1-3 The National High School Sports-Related
Injury Surveillance Study found that from 2006-2012
injury rates of softball athletes are comparable or
exceed those in baseball athletes.7 Studies describing
softball pitching kinematics at the younger divisions
are warranted in an attempt to educate coaches
and sports medicine personnel on proper pitching
mechanics in an attempt to reduce injury susceptibility. The purpose of this study was to (1) examine
pitching mechanics in Little League softball pitchers
and (2) examine the relationship of these mechanics
and participant anthropometrics to ball velocity.
METHODS
The independent variables in this study were the
kinematic parameters (trunk flexion, trunk lateral

flexion, trunk rotation, pelvis anterior/posterior tilt,
pelvis lateral flexion, pelvis rotation, shoulder horizontal abduction, shoulder elevation, elbow flexion,
stride leg knee flexion, and stride length) and participant anthropometrics (age, height, and weight)
and the dependent variable was ball velocity.
Twenty-three female softball pitchers (11.4 ± 1.5
years; 154.6 ± 10.5 cm; 51.0 ± 8.0 kg) were enrolled
and reported to the Sports Medicine and Movement
Laboratory for data collection. Participants were
recruited from local youth fast-pitch softball teams
via email contact with their respective coaches.
Selection criteria included being currently active
on the playing roster for the position of pitcher to
ensure that all participants were competitively
active at the pitching position. Potential participants
with a history of upper or lower extremity injury
within the prior six months were excluded. Participants played Little League softball and had 2.3 + 1.3
years of experience. The Institutional Review Board
of Auburn University approved all testing protocols.
Prior to data collection, all testing procedures were
explained to each participant and their parent(s)/
legal guardian(s) and informed consent and participant assent were obtained.
Procedures
All kinematic data were collected with The MotionMonitorTM (Innovative Sports Training, Chicago, IL)
synchronized with an electromagnetic tracking system (Track Star, Ascension Technologies Inc., Burlington, VT). Eleven electromagnetic sensors were
attached to the following locations: (1) the posterior/medial aspect of the torso at T1, (2) posterior/
medial aspect of the pelvis at S1, (3-4) bilateral distal/posterior aspect of the upper arm at the deltoid
tuberosity, (5) the flat, broad portion of the acromion of the throwing scapula, (6-7) bilateral distal/
posterior aspect of the forearm, (8-9) bilateral distal/lateral aspect of the lower leg centered between
the head of the fibula and the lateral malleolus, and
(10-11) bilateral distal/lateral aspect of the upper leg
(femur).5,8-14 Medial and lateral aspects of each joint
were identified and digitized. Joint centers were calculated by the midpoint of the two points digitized.
A link segment model was then developed through
digitization of bony landmarks used to estimate the
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joint centers for the ankle, knee, hip, shoulder, thoracic vertebrae 12 (T12) to lumbar vertebrae 1 (L1),
and cervical vertebrae 7 (C7) to thoracic vertebrae 1
(T1). The spinal column was defined as the digitized
space between the associated spinous processes,
whereas the ankle and knee were defined as the
midpoints of the digitized medial and lateral malleoli, and the medial and lateral femoral condyles,
respectively.5,8-12,15
The shoulder and hip joint centers were estimated
using the rotation method as it has been shown to
provide accurate positional data.16 The shoulder joint
center was calculated from the rotation between the
humerus relative to the scapula, and the hip joint
center was calculated from the rotation of the femur
relative to the pelvis. The point on the humerus
or femur that moved the least according to a leastsquares algorithm allowed for the calculation of the
joint centers. The variation in the measurement of
the joint center had to have a root mean square error
of less than 0.001 m in order to be accepted. All kinematic data were sampled at a frequency of 100 Hz.
Raw data regarding sensor orientation and position
were transformed to locally-based coordinate systems for each respective body segment. Pelvis, torso,
and upper extremity kinematics were defined by
the standards and conventions of The International
Shoulder Group and International Society of Biomechanics.15,17 Stride length was calculated as the distance between bilateral lateral malleoli at the event
of foot contact. To enable comparisons between participants, stride length data were normalized to body
height.2
Once all sensors were secured, participants were
given an unlimited time to perform their own specified pre-competition warm-up (average warm-up
time was 8 minutes). Participants were instructed to
pitch three fastballs at maximum effort for strikes
over a regulation distance to a catcher. As per the
standards of the Little League (Major Division),
the participants 9-11 years of age threw a distance
of 40 ft. (12.19m), while those 12-13 years of age
pitched 43ft (13.11m) according to the Junior Division standards.6 Data for each kinematic variable
were averaged for the three fastball pitches during
data analysis in effort to limit potential variability
between pitches. For the purpose of this study, the

arm contralateral to the throwing arm was defined
as the glove side. The stride leg was defined as the
leg contralateral to the throwing arm. The pitching
motion was divided into the events of top of backswing, stride foot contact, and ball release and all
variables were analyzed at these events2,3 (Figure 1).
Statistical Analysis
Data were analyzed using IBM SPSS Statistics 23
(IBM corp., Armonk, NY). Eleven kinematic parameters (trunk flexion, trunk lateral flexion, trunk
rotation, pelvis anterior/posterior tilt, pelvis lateral
flexion, pelvis rotation, shoulder horizontal abduction, shoulder elevation, elbow flexion, stride leg
knee flexion, and stride length) were analyzed.
Means and standard deviations were calculated for
each variable. Pearson product-moment correlations
were run to assess the relationships between age,
height, weight, and pitching kinematics to ball velocity. The alpha level was set a priori at p ≤ 0.05.
RESULTS
Data describing fastball pitching mechanics are presented in Tables 1 and 2.
The results of the correlations between variables
and ball velocity are presented in Table 3. Average
ball velocity for the examined sample was 40.5 ± 6.5
mph (18.1 ± 2.9 m/s). When examining participant
demographics of age and height, it was found that
youth who were older (r = 0.745, p < 0.001) and
taller (r = 0.591, p = 0.003) achieved greater ball
velocity. Examining the relationship between pitching kinematic parameters and ball velocity, results
revealed that greater trunk flexion throughout the
three throwing events of top of back swing (r =
0.429, p = 0.041), stride foot contact (r = 0.421, p
= 0.046), and ball release (r = 0.475, p = 0.022)
yielded greater ball velocity. Additionally, greater
trunk rotation to the throwing arm side (r = 0.450,
p = 0.031) at top of back swing and greater trunk
lateral flexion to the glove side at ball release (r =
0.471, p = 0.023) resulted in greater ball velocity.
DISCUSSION
The purpose of this study was to (1) examine pitching mechanics of youth softball pitchers at the Little
League level and (2) examine the relationship of
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Figure 1. Pitching events. TOB= top of back swing; FC= foot contact; BR= ball release.

these pitching mechanics and participant anthropometrics on ball velocity. Regarding pitch mechanics,
results from this study are consistent with previous research by Werner et al., which also examined
youth softball athletes.3 At the lower extremity,
stride knee flexion was approximately 30º from full
extension at stride foot contact, and both studies
observed 43º of pelvic rotation towards the throwing arm side, resulting in a near closed position at
ball release. At the upper extremity, participants in
the current study displayed greater shoulder elevation at stride foot contact with approximately 123º
versus 109º in the Werner study and again at ball
release with 15º versus 3º. Participants in this study
had greater elbow flexion of 31º from full extension
compared to 20º at ball release. Overall, mean ball
velocity of these participants was slower at 18 m/s
versus 25 m/s. These subtle discrepancies could be
an effect of age, as participants in this study ranged

from 9 to 12 years of age, while participants in Werner et al. ranged from 11 to 19 years.
In analysis of kinematic relationships to ball velocity, youth softball pitchers who were older and taller
had greater ball velocity. The relationship between
age and ball velocity is not surprising, as strength
is generally gained as one matures. It is interesting
to note that height was significantly correlated with
ball velocity, while stride length was not significant.
Though height is a controlling factor of stride length,
it was found that stride length did not play a role in
ball velocity. The relationship of height and ball velocity may be the result of maturation, through bone
and muscle growth and development, versus stride
length. It can be postulated that pitchers who were
taller could have longer segments and the potential to
generate greater torque during the windmill pitching
motion. Furthermore, pitchers in this study displayed
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Table 1. Lower extremity pitching mechanics during the fastball by event of pitching
motion.

Table 2. Upper extremity pitching mechanics during the fastball by event of pitching
motion.

a stride length of approximately 61% of body height
comparable to that of the Werner study at 62%. Longer stride lengths of softball pitchers have been found
to increase ball velocity due to the increased propulsive force that leads to a longer stride.4 However, there
must be a point of diminishing return with regard to
increased stride length, because the body must be in
an optimal position to create resistance against which
the body can rotate through to ball release.4 Striding
too long will cause the pitcher’s center of mass to be
located closer to the back foot rather than centered
within the base of support, thereby decreasing the
ability to quickly create enough force for resistance
immediately following stride foot contact.

The effects of trunk flexion, lateral flexion and rotation on ball velocity demonstrate that at top of back
swing, pitchers with more trunk flexion and trunk
rotation towards the pitching arm were able to produce greater ball velocity (Figure 2). This position
would have the pitcher with their glove side shoulder pointing to home plate. Then at ball release,
those who had greater ball velocity had more trunk
forward flexion and their trunk was more laterally
flexed to the glove side. The influence of the trunk
mechanics on ball velocity reiterates the importance
of the lumbopelvic-hip complex as the base for all
distal mobility.18 Having a stable lumbopelvic-hip
complex allows for optimum force production and
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Table 3. Pearson correlation statistics for ball velocity.

transfer to the most distal segment of the wrist and
hand.18 Thus, the trunk kinematics presented by the
youth in the current study contributed to the ability
to achieve greater ball velocity.
Smith et al.19 recently reported that 38% of the examined softball pitchers (aged 9-18) suffered an injury
related to pitching over the course of a competitive season, and of these injuries, 61% involved the
shoulder. Previous research in baseball pitching has
reported that the greater the ball velocity of a pitch,
the greater the forces that occur about the shoulder and elbow. Large forces about the shoulder and
elbow may contribute to injury.20 While the current
study did not examine forces, ball velocity may be
an important indicator of forces at the upper extremity and understanding the variables that are related
to ball velocity, including pathomechanics at the

shoulder and elbow, are critical. Ball velocity data
are easier to obtain than the sophisticated throwing
mechanics data that are currently presented and may
be a tool clinicians and coaches can use as a proxy to
infer mechanics and forces that youth pitchers incur.
Previously, Kibler has reported that during dynamic
overhead movements 63-74% of kinetic energy is
generated by the hip/trunk segments.21 The significant relationships, found in the current study,
between pitching mechanics and ball velocity only
occurred at the trunk, which may highlight the
importance of utilizing the lower body and trunk
to propel the upper extremity in dynamic movements.18,22 If the hip/trunk have altered movement
patterns, then the kinetic energy transferred to the
upper extremity may be decreased. In order to compensate for potential decreased energy transfer,

The International Journal of Sports Physical Therapy | Volume 13, Number 3 | June 2018 | Page 498

Figure 2. Trunk positioning for increased ball velocity.
(a) Pitcher with greater trunk ﬂexion and rotation towards the
throwing arm side, with back slightly towards the target. (b)
Pitcher with less trunk ﬂexion and rotation.

the upper extremity must generate greater kinetic
energy.23
While this study provides valuable insight into youth
softball pitching mechanics, it is important to note
that limitations exist. The participants were from
a relatively small geographic area. These results
may not apply to all youth softball pitchers. A convenience sample of participants were recruited and
the sample size was moderate. Additionally, these
participants were in Little League softball’s youngest divisional levels that allow youth to pitch. These
pitchers generally have the least pitching experience and are still learning how to pitch effectively.
Another limitation to this study is the cross-sectional
design that only examined results from a single laboratory session’s pitching performance. A protocol
that more closely represents the demands of competitive youth softball may more accurately reflect
mechanics during pitching. Future research should
aim to characterize the risk of pitching mechanics
on upper extremity injury. Other potential factors
contributing to injury risk should also be considered,
such as muscular performance impairments and
range of motion deficits that can enable a comprehensive characterization of risk of injury in youth
pitchers.

CONCLUSION
Understanding the pitching kinematics of individuals in the youngest division of Little League Softball
can be of benefit to not only sports medicine personnel, but also training/conditioning specialist as
well as pitching coaches. These data suggest that
increased trunk rotation to the throwing arm side at
top of back swing, increased trunk flexion throughout the pitch, and increased trunk lateral flexion to
the glove side at ball release may improve pitching
performance via increasing ball velocity. Using this
evidence, sports medicine personnel and coaches
can suggest potential improvements in pitching
mechanics of the youth population as well as may
inform the development of strength and conditioning programs focused on trunk and pelvic stability
for greater postural control of the lumbopelvic-hip
complex (LPHC). The LPHC is the connecting link
of the lower extremity to the upper extremity for
efficient transfer of energy. Focus on LPHC stability
as well as postural control could ultimately assist in
not only pitching performance but also injury prevention in youth softball pitchers.
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ABSTRACT
Background: Due to the repetitive overhead activity involved in playing tennis and the physical demands of the
game, shoulder joint injury is common. There is limited research available describing sport specific risk factors for
injury in tennis, however, changes in shoulder rotational range of motion (ROM) have been associated with injury in
other overhead ‘throwing’ type sports.
Purpose: This study had two purposes: i) to identify reference values for passive glenohumeral joint rotational ROM
in elite tennis players, and, ii) to investigate differences in ROM between various age groups of players.
Study design: Cross-sectional analysis.
Methods: Data was collected at national performance camps held at a National Tennis Centre between September
2012 and July 2015. One hundred and eighty-four tennis players aged between 11 and 24 years took part. All had a top
eight national ranking within their respective age group. Participants were divided into three age groups; under 14
years, 14-15 years, and 16 years and over. The main outcome measures were dominant and non-dominant internal
and external rotation as well as total glenohumeral joint passive ROM.
Results: Reduced internal, and greater external rotation passive ROM were identified on the dominant side (p <
0.05), however, no side-to-side differences in total rotation ROM were found (p > 0.05). A glenohumeral joint internal
rotation deficit (GIRD) was prevalent on the dominant side, which increased in magnitude with rising player age.
Differences in dominant side internal and external rotation ROM were identified between age groups with the 14-15year olds having less internal and greater external rotation than the under 14-year olds and the over 16-year old athletes (p < 0.05). The total range of motion values were not found to differ between age groups (p > 0.05).
Conclusions: This study provides reference values for glenohumeral joint rotational ROM in elite tennis players and
demonstrates age specific differences. Future studies should investigate links between changes in ROM and injury
risk.
Level of evidence: 3
Keywords: Glenohumeral joint, overhead athlete, range of motion, tennis
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INTRODUCTION
Participation in tennis at elite levels comes with a
risk of musculoskeletal injury,1 due to both the high
volume of play and the strenuous physical demands
of the sport. Injury rates range between 0.05 to
2.9 injuries per player per year2 with a greater frequency of injury with increased court time.3 Elite
junior players (aged 13-19 years) have been found to
participate in an average of 2.3 hours of tennis per
day over six days per week.4 Despite this, no randomized controlled trials have investigated injury
prevention in tennis2 and there is a paucity of sport
specific studies linking risk factors and injury rates.
Repeated high force demands placed on the shoulder
during tennis have often been associated with gradual onset type injuries.5 A change in glenohumeral
joint rotation range of motion (ROM) is a common
musculoskeletal adaptation observed in overhead
type athletes that may be associated with injury
risk.6 In recent tennis literature reduced dominant
side internal rotation ROM, larger external rotation
ROM and smaller total rotation ROM, (TROM = sum
of available internal and external rotation) have
been reported.7 Greater losses of both internal ROM
and TROM with increasing age and tennis exposure
have also been suggested,8 however, it is not clear at
which age these changes develop.
A glenohumeral joint internal rotation deficit (GIRD)
is thought to develop from a combination of posterior capsular thickening, rotator cuff stiffness and
humeral retroversion, which are thought to be adaptations to the stresses occurring during the acceleration and deceleration phases of throwing.9 Increased
humeral retroversion is thought to be performance
enhancing;10 as the bony adaptations enable an
increased external rotation position during the
throw.11 This additional ROM theoretically allows for
a longer acceleration phase enabling greater upper
limb rotational speeds to be achieved.10
Two types of GIRD have been described by Manske et
al.15; i) an anatomical type with dominant side internal rotation loss greater than 18-20° but symmetrical TROM bilaterally, and, ii) a pathological GIRD
where the internal rotation loss is combined with a
greater than 5° loss of dominant side TROM. Ellenbecker et al.7 reported a 10° loss of internal rotation

on the dominant side in 117 tennis players, however,
Kibler and Chandler12 found a mean 18° loss in their
longitudinal study involving 51 tennis players.
There is also debate as to whether the presence of
a GIRD is predictive of injury; it could be an adaptation to the overhead demands of the sport and
improve performance or alternatively increase the
injury risk.4 Reducing the arc of motion is thought
to fatigue the posterior rotator cuff leading to greater
force through the posterior capsule13 increasing the
likelihood of injury. However, GIRD has not been
identified as a specific injury predictor.11 Pluim et al.2
found no evidence that limited glenohumeral joint
rotation was related to tennis injury. There are also
inconsistencies when describing a clinically significant GIRD. This is supported by Manske et al.15 who
stated a GIRD is required to generate sufficient force
during serving and does not lead to pathology. In
contrast both Kibler & Chandler,12 and Wilk et al.16
suggest the loss of internal rotation ROM is one of
the intrinsic risk factors for overhead injury.
Total glenohumeral rotation ROM is also thought
to be a useful indicator of shoulder pathology and
a decreased TROM was associated with shoulder
injury in baseball players.12, 15-17 Wilk et al.16 found
a greater than 5° side-to-side difference in TROM
which had a two and a half times higher injury risk
than those within 5°. The equivalent data is not
yet available in tennis. Ellenbecker et al.7 describe
side-to-side TROM as equal in baseball players but
reduced in tennis players in their study involving
163 athletes. This emphasises why more tennis data
is needed, as overhead sports with different musculoskeletal demands cannot be compared.
Glenohumeral joint external rotation changes and
their relation to injury risk have not been widely
investigated. The concept of an external rotation difference (ERD) has been discussed by Manske et al.15
A difference between the external rotation of the
dominant and non-dominant shoulder of less than
5° has been suggested to contribute to an increased
injury risk due to the increased stress on the static
glenohumeral stabilizers.15 This is consequently an
area warranting further research in tennis players.
A few studies describe GIRD in tennis. 5,7 8,14,18 Cools
et al.18 investigated age-related shoulder girdle
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adaptations in 59 elite junior players and found
reduced internal, increased external, and smaller
TROM on the dominant side.18 Despite relatively
low participant numbers, the findings were the
first to identify age specific differences. However,
a clinically relevant correlation between ages was
not determined and larger scale research across age
groups is warranted.
Elite tennis players often commence high volume training in early childhood, which overlaps
the period of rapid skeletal and muscular development.18 The tennis literature has considerable gaps
regarding injury risk factors and preventative measures. The determination of age specific reference
values for ROM would be valuable for screening, and
are prerequisite in determining whether changes in
ROM are linked to injury. This study had two purposes: i) to identify reference values for passive
glenohumeral joint rotational ROM in elite tennis
players, and, ii) to investigate differences in ROM
between various age groups of players.
METHODS
Participants
The glenohumeral joint rotational range of motion
(ROM) measurements of 184 elite participants, male
(n = 122), and female (n = 62), aged 11 to 24 years,
were collected and analyzed by one physiotherapist
at performance camps held at a National Tennis Centre between September 2012 and July 2015. Sixteen
participants were left hand dominant, and 168 were
right hand dominant and all were deemed fit to play
at the time of testing. The national performance
camps were divided by gender and into eight different age groups of players; under 12 years, 12 years,
13 years, 14 years, 15 years, 16 years, 17 years and
18 years and over. All participants selected to attend
had top eight national rankings in their respective
age groups and where a top player was unavailable
due to either injury, school or tournament commitments, the next available ranked player was invited.
For this research, three sub-groups were created
to contrast glenohumeral joint ROM between ages;
these were chosen to correlate with the age groups
used in other research18. The groups were under 14
years (n = 69 participants), 14-15 years (n = 56),
and 16 years and over (n = 59).

Ethical approval was obtained from the Cardiff
School of Sport & Health Sciences (Sport) Ethics
Sub-committee. All participants were sent information forms detailing the data collection process
before attending the camps, and depending on their
age, participants or their parents provided written
informed consent to participate.
Data collection
The participants were tested while supine with the
glenohumeral joint positioned in 90° abduction, as
suggested by Ellenbecker.19 A universal goniometer
was used to measure glenohumeral joint internal
and external rotation ROM. The scapula was fixed
and the glenohumeral joint passively rotated into
full internal and then external rotation. The scapula was fixed to ensure isolated glenohumeral joint
movement, and the coracoid process and spine of
the scapula were palpated to determine the onset
of scapular movement. Measurements were taken
at the end of range at the point immediately before
scapular movement was appreciated.
The testing order was randomized with some participants tested on their left side first and others on
their right. It was not possible to blind the tester;
however, the participants’ upper limb dominance
was not ascertained until after data collection.
Measurements were taken on the first day of each
camp before starting any tennis training or gym
exercises. Some participants were screened multiple
times if they attended several camps. For these participants, their first screening data was used and subsequent measurements were excluded.
Data that could be used to estimate intra-rater reliability was gathered before the experimental data
collection and involved the therapist measuring
bilateral glenohumeral joint rotational ROM twice
(test and retest) on five participants, with 10 minutes between measurements.
Data analysis
GIRD was calculated as the difference in glenohumeral joint internal rotation ROM between the dominant and non-dominant sides. Total range of motion
(TROM) was calculated as the sum of the internal
and external rotation ROM for each side. The total
range of motion difference (TROMD) was calculated
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as the difference between the dominant side TROM
value and the non-dominant side TROM value. The
external rotation difference (ERD) was calculated as
the difference between the dominant side ER value
and the non-dominant side ER value. The values
for GIRD, TROMD and ERD were divided into 10°
increments with the number of participants in each
counted.
Statistical analyses
Test-retest reliability was estimated in terms of: i)
the intraclass correlation coefficient (ICC (3,1)), ii)
the standard error of measurement [95%SEM = ±
1.96 x (sX x √(1 – ICC (3,1)))] where: sX = sample
standard deviation, and, iii) the minimal detectable
change [95%MDC = ± (1.96 x √2 x SEM].20 For all
the outcome measures a mixed-design analysis of
variance (GLM 5 ANOVA) 21 was used to analyze the
mean scores due to having repeated measures on
the side dominance independent variable (non-dominant vs. dominant) and independent measures on
the age groups (under 14 years vs. 14-15-years vs. 16
years and over).21 In all cases, residuals were saved
when running the ANOVAs and were confirmed as
being drawn from a population that was normally
distributed on the variables of interest (AndersonDarling test). Homogeneity of variance about means
was confirmed in relevant cases using Levene’s test.
Where main effects were identified for differences
between dominant and non-dominant sides, paired
t-tests were used as post-hoc tests for the ANOVAs.
Where main effects were identified for differences
between age groups, two-sample t-tests were used
as post-hoc tests for the ANOVAs. To avoid inflating
familywise error rates, the level of statistical significance (α) was corrected for each of the paired and
two-sample t-tests using the Dunn-Sidák correction
(α’): α’ = 1 – (1 – α)1/c, where c = (k(k – 1)/2) and k
= the number of comparisons being considered. Statistically significant differences, (α) were described
at ≤ 0.05 throughout the data analyses; however, the
Dunn-Sidák corrections had the effect of reducing α
≤ 0.05 to an α’ ≤ 0.017 (paired t-tests) and 0.008 (two
sample t-tests). To determine the meaningfulness
of the effects identified by the t-ratios, Cohen’s d22
was computed for all comparisons. Statistically significant interactions identified between age groups
and side dominance were considered with respect

to contrast plots of the estimated marginal means.
Statistical analyses were performed using IBM SPSS
Statistics v22. Data are reported as means ± standard deviations unless otherwise highlighted.
RESULTS
Reliability of the tester
Intraclass correlation coefficients (ICC (3,1)) were
calculated for both internal (IR) and external rotation (ER) values. For IR: ICC (3,1) = 0.745, F9,9 =
6.854, p = 0.004, 95%CI = 0.26 – 0.93. For ER: ICC
(3,1) = 0.718, F9,9 = 6.10, p = 0.006, 95%CI = 0.21
– 0.92. The standard error of measurement (SEM)
and minimal detectable change (MDC) were also
calculated for IR: 95%SEM = ±9.0° and 95%MDC =
±12.7°, and for ER: 95%SEM = ±4.5° and 95%MDC
= ±12.4°.
Glenohumeral joint internal rotation range
of motion (IR ROM) and glenohumeral joint
internal rotation difference (GIRD)
Table 1 shows that for IR ROM there was a significant main effect for side dominance means (F1,181
= 59.812, p < 0.001), there were also main effect
differences between dominant side and non-dominant side IR ROM means for all the three age groups
(F2,181 = 5.017, p = 0.008). Dominant side IR ROM
was greatest in the under 14-year-olds and this mean
was significantly different to that for the 14–15-yearolds (p = 0.005) with a moderate effect size. There
were no significant differences for dominant side IR
ROM means between the 14-year olds and the over
16-year olds, and between the 14-15 year olds and
the over 16 year olds. On the non-dominant side,
IR ROM was greatest in the 16 years and over players and this mean was significantly different to that
for the 14-15-year olds (p = 0.001) with a moderate
effect size. However, there were non-significant differences between the non-dominant side means for,
the under 14-year olds and 14-15-year olds, and the
under 14-year olds and the 16 years and over players
(p > 0.008). Table 1 also shows that there was a significant main effect for the interaction between side
dominance and age group means (F2,181 = 4.846, p
= 0.009). However, this interaction main effect was
only observed between the mean GIRD for the under
14-year olds and the over 16-year olds (p = 0.003),
again with a moderate effect size. Interestingly,
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Table 1. Summary data and statistical outcomes for glenohumeral joint internal rotation range of motion
(ROM) and glenohumeral joint internal rotation deﬁcit (GIRD) for all age groups. These data are presented
in degrees of rotation.
Mean ± SD internal rotation ROM

Differences between means:
D vs ND

Glenohumeral joint internal
rotation difference (GIRD)

Tdf-ratio (p-value)
Age groups (n)
Under 14 yrs (69)

a

Dominant side
(95% CI)

Non-dominant side
(95% CI)

44 ± 11a

47 ± 11

41 to 47

44 to 50

a

b

Mean ± SD (95% CI)
Effect size (ES = d)
T68 = 2.76 (0.007)
0.33
T55 = 4.84 (< 0.001)

14 – 15 yrs (56)

38 ± 10

35 to 41

42 to 48

0.65

Over 16 yrs (59)

43 ± 13

52 ± 14b

T58 = 5.37 (< 0.001)

40 to 46

49 to 55

0.70

45 ± 10

3 ± 9 (1 to 6)c

6 ± 10 (3 to 9)

9 ± 13 (6 to 12)c

Denotes a difference between age group means: difference between means ± SD = 6 ± 11, 95% CI = 2 to 9, d = 0.55; T123 = 2.84, P = 0.005

b

Denotes a difference between age group means: difference between means ± SD = 7 ± 12, 95% CI = 3 to 12, d = 0.58; T113 = 3.26, P = 0.001

c

Denotes a difference between age group means: difference between means ± SD = 6 ± 11, 95% CI = 2 to 10, d = 0.55; T126 = 2.99, P = 0.003

Figure 1. Percentage of participants against the GIRD (Degrees)

mean GIRD increased with participant age, as it was
lowest in the under 14-year-olds and greatest in the
16 years and over group.
The percentage of participants with glenohumeral
joint internal rotation differences in each 5° increment is shown in Figure 1.

Glenohumeral joint external rotation range
of motion (ER ROM) and external rotation
difference (ERD)
Outcomes for ER ROM are summarized in Table 2
and show that there was a significant main effect for
side dominance means (F1,181 = 56.631, p < 0.001),
there were also main effect differences between
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Table 2. Summary data and statistical outcomes for glenohumeral joint external rotation range of motion
(ROM) and glenohumeral joint external rotation difference (ERD) for all age groups. These data are presented
in degrees of rotation.
Mean ± SD external rotation ROM

Differences between means:
D vs ND
Difference in external rotation
ROM (ERD)

Age groups (n)

Dominant side
(95% CI)

Effect size (ES = d)

Mean ± SD (95% CI)

Under 14 yrs (69)

103 ± 8a

100 ± 7

T68 = 3.69 (< 0.001)

3 ± 6 (1 to 4)

101 to 105

99 to 102

0.44

107 ± 9a,b

102 ± 8c

T55 = 4.85 (< 0.001)

105 to 110

100 to 104

0.65

101 ± 10b

97 ± 10c

T58 = 4.16 (< 0.001)

98 to 103

94 to 100

0.55

14 – 15 yrs (56)

Over 16 yrs (59)

Non-dominant side
(95% CI)

Tdf-ratio (p-value)

6 ± 9 (3 to 8)

4 ± 7 (2 to 6)

a

Denotes a difference between age group means: difference between means ± SD = 4 ± 8, 95% CI = 2 to 7, d = 0.54; T123 = 3.01, P = 0.003

b

Denotes a difference between age group means: difference between means ± SD = 7 ± 9, 95% CI = 3 to 10, d = 0.78; T113 = 3.86, P = < 0.001

c

Denotes a difference between age group means: difference between means ± SD = 5 ± 9, 95% CI = 1 to 8, d = 0.52; T113 = 2.76, P = 0.007

Figure 2. Percentage of participants against the ERD (Degrees)

dominant side and non-dominant side ER ROM
means for all the three age groups (F2,181 = 7.119, p
= 0.001). Mean dominant side ER ROM was greatest
in the 14-15-year olds, and this was significantly different to the mean value for the under 14-year olds
(p = 0.003) with a moderate effect size. Dominant
side ER ROM was lowest in the 16 years and over age
group, and this mean was also significantly lower
than that for the 14-15-year old athletes (p < 0.001).
This difference was characterised with a large effect
size. The difference between means for the dominant side ER ROM in the under 14-year olds and the
16 and over athletes was non-significant (p = 0.162).

With reference to the non-dominant side ER means,
once again, this was greatest in the 14-15-year olds
and it was significantly different to that for the 16
years and over athletes (p = 0.007) with a moderate effect size. The other age group comparisons on
the non-dominant side did not differ significantly.
In terms of the interaction between side dominance
and age groups main effect, exemplified by the ERD,
resulted in a non-significant outcome (F2,181 = 2.237,
P = 0.067).
The percentage of participants in each 5° ERD increment is shown in Figure 2.
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Glenohumeral joint total rotation range of
motion (TROM) and total range of motion
difference (TROMD)
The data summarized in Table 3 shows that there
were no statistically significant outcomes for all
the main effects interrogated in this analysis of the
TROM data. For differences between side dominance means, (F1,181 = 0.044, p = 0.835), for differences between age group means (F2,181 = 2.604, p =
0.077), and for the interaction effect between side

dominance and age groups (TROMD) (F2,181 = 2.451
p = 0.089).
The percentage of participants’ TROMD in each 5°
increment is shown in Figure 3 with 23% of participants having a difference between 0° and 4°.
DISCUSSION
The aim of the present study was to determine reference values for glenohumeral joint rotational range

Table 3. Summary data and statistical outcomes for glenohumeral joint total range of motion (TROM)
and glenohumeral joint total ROM difference (TROMD) for all age groups. These data are presented in
degrees of rotation.
Mean ± SD total ROM

Age groups (n)
Under 14 yrs (69)

14 – 15 yrs (56)

Over 16 yrs (59)

Differences between means:
D vs ND
Tdf-ratio (p-value)

Difference in total ROM
(TROMD)

Dominant side
(95% CI)

Non-dominant side
(95% CI)

Effect size (ES = d)

Mean ± SD (95% CI)

147 ± 12

147 ± 12

T68 = 0.27 (0.791)

0 ± 11 (-2 to 3)

144 to 150

145 to 150

0.03

146 ± 12

148 ± 12

T55 = 1.68 (0.098)

143 to 149

145 to 151

0.22

140 ± 35

138 ± 34

T58 = 1.68 (0.098)

131 to 149

129 to 147

0.22

2 ± 10 (-0 to 5)

2 ± 9 (0 to 5)

Figure 3. Percentage of participants against the TROMD (Degrees)
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of motion (ROM) in elite tennis players, and also to
investigate differences in ROM between three age
groups, i) under 14 years, ii) 14-15-year olds, and, iii)
16 years and over. These are presented in Tables 1,
2 and 3. As anticipated, there were significant differences in glenohumeral joint ROM on the dominant
compared to the non-dominant side with a reduced
internal rotation (IR) and increased external rotation (ER) ROM on the dominant side.
Significant between age group differences were found
in dominant side IR and ER ROM between the under
14-year olds and the 14-15-year old participants, and
also the 14-15-year olds and the 16 and over age group.
The reduced IR ROM in the 14-15-year olds compared
to the under 14-year olds suggests the 14-15-year olds
should be identified as a potential target for preventative mobility programs if the ROM reaches the levels
considered for injury risk.
Reduction in posterior capsule mobility is found
in older overhead athletes compared to younger
ones; and this could be due to more force travelling
through the posterior shoulder resulting in greater
thixotropic changes and capsular strain.11 This may
explain the lesser degree of IR ROM adaptation in
the younger participants and account for the differences between the youngest two age groups in the
present study. However, the oldest age group demonstrated the highest IR values. An explanation for
this could be that the older players undertake more
extensive mobility exercises within their preparation
programs than the younger players, thereby contributing to the increased IR ranges found. Assessing
the effect of mobility exercises was not carried out
in this study, but as these participants had access to
high-level support teams, it would be interesting to
compare them to other players without such input.
The presence of a glenohumeral joint internal rotation deficit (GIRD) in elite tennis players is supported by the results. However, the 6° mean is lower
than the 13° recorded by Cools et al.18 as well as the
18-20° for the anatomical and pathological definitions described by Manske et al.15 In accordance
with previous research, in the present study GIRD
increased with increased athlete age.8 A higher percentage of participants with larger values of GIRD
were identified in the older groups which is relevant

because increased GIRD has been associated with
injury in other sports.16 This is also linked to research
by Kibler et al.8 who found the greatest reduction in
IR ROM and TROM occurred in those players with
less than six or more than nine years of tournament
experience. Their study involved 39 tennis players
aged between 14 and 21 years. The number of years
the present participants had been playing tennis
was not assessed as part of this study; however, as
greater changes in GIRD were found with increasing
participant age, the IR values may have decreased in
relation to the increased years of competition in the
older players.
Interestingly, the present results also demonstrate
differences in both glenohumeral joint IR and ER
ROM on the non-dominant side. In particular, there
was less non-dominant side IR and greater ER ROM
in the 14-15-year olds compared to the 16 years and
over age group. Although not measured directly
in this study it was observed that the older athletes incorporated more frequent bilateral IR ROM
stretches into their program, which may have influenced the IR changes. Alternatively, these changes
could be due to the process of normal maturation.
Glenohumeral joint ER stretches were not routinely performed and consequently this additional
ER ROM in the 14-15-year olds may not have been
maintained in the older age group. Nevertheless,
the decrease in humeral retrotorsion, thought to
take place during childhood and adolescence,10 may
have contributed to the non–dominant side IR ROM
increasing and the external rotation ROM decreasing with increased athlete age. It is unclear to what
extent changes identified on the non-dominant side
could have influenced the calculated values for
GIRD in each of the present age groups.
Despite the ER ROM side-to-side differences not
being statistically significantly different between
the age groups, the results demonstrate a greater
than 5° difference in the 14-15-year old age group
but less than 5° in both the under 14-year old and
the 16 years and over athletes. According to Mankse
et al.15 it would be anticipated that both the youngest
and oldest age group categories may have a greater
likelihood of injury compared to the 14-15-year olds.
As previously described, a side-to-side difference in
TROM was not found in the present study. These
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athletes consequently are within the 5° described by
Manske et al.15 and would not be considered to be at
any increased injury risk.
Study limitations
There are several limitations to consider when interpreting the results from this study. Firstly, it cannot
be assumed that all participants started to play tennis at the same age and total years of participation
was not recorded. Consequently, there may have
been greater adaptations in ROM in some participants than in others due to starting playing tennis at
different ages. Secondly, the testing was performed
during busy training camps, which meant that the
time of day the measurements were taken could
not be standardized, and the players’ activity levels
before testing was not consistent. The volume of
training before testing may have altered the ROM
and some players could have performed specific
posterior capsule stretches thereby impacting on the
results. Finally, an important consideration is that it
was not possible to blind the tester from the scores
as the data was collected at performance camps
and needed to be fitted around player and staffing
commitments.
Future research
This study has highlighted areas for additional
research. Reviewing the GIRD results against the
retrospective and prospective injury history of the
players would be a useful adjunct to the available
literature. This knowledge would help ascertain
whether restricting match numbers, and training
volume, should be introduced to prevent overuse
injuries particularly in junior players. It would also
guide preventative stretching programs to maintain
glenohumeral joint rotational ROM to prevent future
shoulder pathology.
This study involved a sample of elite tennis players. However, individuals not involved in overhead
type sports may also have a small GIRD because of
limb dominance.14 It would be useful, therefore, to
compare an elite group to an aged-matched control
group to ascertain reference values in non-throwing
type athletes.
Future research could also incorporate insight into
the skeletal maturity of the players. In this study, it

was not apparent which players had reached skeletal maturity; the addition of radiographs to confirm
closure of the individual’s proximal humeral physis
would help determine the relative contributions of
bony versus soft tissue to adaptations in ROM. Ultrasound measurements of humeral torsion alongside
rotational ROM could also be valuable.
A larger scale longitudinal study looking at changes
in the glenohumeral rotational arc of individual
players over time would be useful. It would be challenging to keep enough athletes over an extensive
timeframe but would help exclude some of the limitations discussed previously including standardizing
the number of years of play and the skeletal maturity level of the participants.
CONCLUSIONS
The results of this study provide reference values
for glenohumeral joint rotational range of motion
(ROM) specific to elite tennis players. Reduced internal rotation (IR) and increased external rotation (ER)
on the dominant, compared to the non-dominant
side, of the participants was found. No statistically
significant differences in glenohumeral joint total
range of motion were identified. Glenohumeral joint
IR deficit was present on the dominant side, which
increased with rising player age. Trends were also
identified across the age groups, with age specific
differences in IR and ER ROM found between the
under 14 years age group and the 14-15-year-olds, as
well as the 14-15-year olds and the 16 years and over
athletes. These results provide a baseline for reference of glenohumeral joint rotational ROM values in
tennis to be contrasted with other sports. It is important for future studies to correlate changes in glenohumeral joint ROM with injury data, which will be a
valuable adjunct to injury prevention programs.
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ABSTRACT
Background and Purpose: Chronic instability of the proximal tibiofibular joint (PTFJ) is an uncommon condition
that accounts for <1% of knee injuries. The mechanism of injury is a high-velocity twisting motion on a flexed knee.
Surgical management is controversial due to complications; however, surgeons are now utilizing ligament reconstruction to restore stability. There is a paucity of information in the literature regarding postoperative care and rehabilitation after PTFJ reconstruction. The purpose of this case report is to describe the post-surgical rehabilitation for an
adolescent athlete following PTFJ ligament reconstruction using a modified anterior cruciate ligament reconstruction (ACL) post-operative rehabilitation protocol.
Case Description: A 15-year-old female soccer player reported left ankle and knee pain for one year after a contact
injury and landing on a hyperflexed knee during a soccer game. The surgeon diagnosed the subject with chronic PTFJ
instability and performed reconstruction using an allograft ligament and calcium phosphate bone graft. The subject
presented to physical therapy three weeks post-operatively with complete resolution of ankle pain and mild knee
pain. The subject’s goal was to return to golf as she reported apprehension with a potential return to soccer. After
consulting with the surgeon and because the subject was only allowed to advance weight bearing status by 20 pounds
each week (to protect the graft site), the treating therapists progressed the subject using a modified ACL protocol as
there is no documented post-operative rehabilitation protocol to treat patients after a PTFJ reconstruction.
Outcomes: Outcome measures for this subject included the patient specific functional scale (PSFS), verbal numeric
pain rating scale and ability to participate in golf. The initial PSFS score was 4/30 (activities included walking, jogging
and golf) and the subject’s reported pain level was 3/10. Three months after surgery the subject demonstrated significant improvement to 30/30 on the PSFS, 0/10 pain, and had progressed to participation in both golf and jogging.
Discussion: The modified ACL protocol was effective in safely rehabilitating this adolescent athlete following a PTFJ
reconstruction. This subject demonstrated some yellow flags which may have slowed her rehabilitation progression.
Use of a modified ACL reconstruction protocol served as a guideline for the rehabilitation of this rare condition. Additional research is necessary to establish evidence-based guidelines for treatment of PTFJ reconstruction.
Level of Evidence: Level 4
Key Words: Lateral knee pain, proximal tibio-fibular joint reconstruction, tibiofibular joint instability
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INTRODUCTION
The proximal tibiofibular joint (PTFJ), located distally and laterally to the knee joint, is a plane synovial joint. The PTFJ is between the articular facet on
the lateral condyle of the tibia and the facet on the
head of the fibula.1 It is designed to rotate a small
amount in order to accommodate the rotational
stress at the ankle joint that occurs during dorsiflexion.2 It is heavily supported by surrounding ligaments and is rarely injured. The common peroneal
nerve travels laterally around the fibular head and
can easily be disrupted if instability at this joint is
noted. PTFJ instability is extremely rare, accounting
for <1% of all documented knee injuries.2 When a
PTFJ injury does happen, it typically occurs in athletes. Disruption of the proximal capsular ligaments
occurs with sudden internal rotation and plantar
flexion of the foot with an externally rotated tibia
and flexed knee. Although a rarity, PTFJ instability
can cause pain and functional deficits that persist
for months after the initial injury.3
The PTFJ has received little attention in the literature. Therefore this condition is often underdiagnosed and the best treatment is unknown. PTFJ
instability can be easily mistaken for lateral knee
pain syndrome and has only subtle abnormalities on radiographs. Patients with PTFJ instability
often complain of lateral knee pain; however, ankle
motion can also increase knee symptoms.2 In some
cases a bony protrusion is noted at the lateral knee
and knee range of motion may also be affected.4
The confusing clinical presentation does not allow a
practitioner to clinically diagnosis such an injury so
further testing may be necessary to obtain an accurate diagnosis. PTFJ instability is typically missed
on unilateral plain radiographs.2 If a clinician is
considering PTFJ instability a bilateral radiograph
or advanced imaging is suggested. A bilateral radiograph (compared to a unilateral film) allows for easier detection of a displaced fibular head when able to
compare to the uninvolved lower extremity.5
PTFJ instability is categorized into four different
types; subluxation (type I), anterolateral dislocation
(type II), posteromedial dislocation (type III), and
superior dislocation (type IV).6 Type II, the most
common type of instability, frequently results in
ligamentous injury and peroneal nerve palsy due to

the peroneal nerve’s path around the fibular head.
Treatment options for PTFJ instability include conservative care or surgical interventions. In previous
cases found in the literature, there has been some
success with reduction of the fibular head, casting
the leg for one week, then a progression of four
weeks to full weight bearing for acute dislocations
(type II-IV).5 However, some cases require surgical interventions due to the chronic condition and
late diagnosis.11 Surgical management is controversial. Many surgical approaches can cause complications such as lateral knee instability, peroneal nerve
palsy, hardware failure, and ankle pain. To avoid the
common complications, surgeons are now utilizing
ligament reconstruction of either or both the anterior and posterior tibiofibular ligaments to restore
knee stability. However, there is little to no information on rehabilitation techniques post-surgery.
There is a distinct lack of treatment guidelines for
patients with PTFJ instability. Therefore, the purpose of this case report is to describe the post-surgical rehabilitation for an adolescent athlete following
PTFJ ligament reconstruction using a modified
anterior cruciate ligament reconstruction (ACL)
post-operative rehabilitation protocol.
CASE DESCRIPTION
The subject was a 15-year-old female soccer player
referred to physical therapy three weeks after PTFJ
reconstruction. She sustained a contact injury during a soccer game and reported worsening left ankle
and lateral knee pain over the course of a year. There
were 13 months between the initial injury and the
subject’s surgery. She was seen by multiple providers and had attempted physical therapy without success. The subject continued to have pain and was
unable to participate in her usual level of activities.
After magnetic resonance imaging indicated bone
barrow edema surrounding the PTFJ the surgeon
diagnosed a type I PTFJ injury. The surgeon then
completed an allograft ligament and calcium phosphate bone graft for reconstruction.
EXAMINATION
A physical therapy examination was performed three
weeks after the PTFJ reconstruction. The subject
presented partial weight bearing on bilateral axillary
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Table 1. Strength and range of motion testing.

crutches and a left knee hinged brace locked in 0
degrees of extension. The subject reported complete
resolution of ankle pain and only mild complaints of
lateral knee pain, 3/10 on the verbal numeric pain
rating scale (NPRS).
The subject had 1 cm of swelling (compared to noninvolved lower extremity) measured at the joint line
and the incision was clean, dry, and healing well.
The physical examination revealed limited active
knee range of motion (ROM) and decreased strength.
(Table 1) Manual muscle testing with therapist resistance was deferred at initial examination since the
surgeon’s prescription did not indicate if there were
any post-surgical precautions or contraindications
and the subject’s apprehension. However, she was
able to perform 20 straight leg raises without brace
and with no extension lag present. The subject also
demonstrated symptoms consistent with a sensory
peroneal nerve injury due to mild paresthesia at the
lateral leg. She completed the Patient Specific Functional Scale (PSFS), centered around three functional activities, walking, jogging, and golf, scoring
a 4/30. The subject’s parents reported that she had
symptoms consistent with anxiety, but no medical
diagnosis had been made. All other screening was
negative. The subject’s goal for physical therapy
was to return to golf as she did not want to return
to soccer.
CLINICAL IMPRESSION
The referral to physical therapy had several special instructions and precautions. The subject was

allowed to progress her initial partial weight bearing status by 20 pounds per week and could initiate
weight bearing as tolerated by six weeks post-operative. The surgeon also recommended quadriceps
activation exercises as tolerated and avoiding excessive hamstring contraction. Therefore the subject
was progressed by modifying an anterior cruciate
ligament (ACL) reconstruction protocol. The protocol was modified to account for the initial weight
bearing restrictions as well to allow for soft tissue
healing and to avoid displacement of the PTFJ with
excessive contraction of the biceps femoris. The ACL
protocol was chosen as it is an established treatment
program which reflected the restrictions involved in
this case. Excessive hamstring activation was cautioned after reconstruction of the PTFJ due to the
biceps femoris attachment onto the fibular head.
Increased stress to the biceps femoris could potentially cause elongation or disruption of the repaired
tissue. The chosen ACL protocol limits hamstring
activation for six weeks due to tissue grafting of the
ipsilateral hamstring in a traditional ACL reconstruction. With the restrictions in hamstring activation
and modifications for weight-bearing restrictions
contained therein, the ACL protocol was deemed
appropriate for modification and use in this subject.
INTERVENTIONS
During the first six weeks of physical therapy the subject was seen 1-2 times a week. This depended on her
functional and objective progress and compliance with
her home exercise program which was measured via
subjective report. Initial rehabilitation was focused on
gait training (with brace on), weight shifting, passive
and active assisted ROM (AAROM) of the left knee as
well as ankle, hip and core strengthening. The physical therapists provided gait training with bilateral axillary crutches and practiced transferring weight onto
the involved lower extremity (using a scale to measure) to ensure that the weight-bearing restrictions
were not exceeded during this protective phase.
Passive and active assisted ROM were applied by the
treating physical therapist during the early sessions
and the subject was instructed to proceed with ROM
exercises without pain to mild discomfort three times
per day as a home exercise program. Ankle exercises
included ankle 4-way ankle resistance using Theraband. Caution was used during this exercise because
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there was mild lateral knee pain that was reproduced with resisted ankle eversion. Other exercises
that were performed during this initial phase of
rehabilitation included quadriceps sets, straight leg
raises, side-lying hip abduction/adduction, prone
hip extension and other non-weight bearing core
and hip exercises as tolerated. The physical therapists deferred any exercise that increased pain over
the left lateral knee and/or the fibular head.
At six weeks post-surgery, low level hamstring
strengthening was initiated beginning with hamstring isometrics and supine bridging exercises
which were progressed to single limb Romanian
deadlift (RDL) and stool scoots. During weeks 6-12
bilateral hip, knee and ankle strengthening and
dynamic balance exercises were progressed per the
protocol, increasing the difficulty of each exercise as
the subject was able while maintaining proper form.
(Protocol provided in Appendix 1)
During this phase of rehabilitation the subject
experienced two episodes of syncope. One episode
occurred immediately after a physical therapy
appointment, the other occurred at home. The subject was seen by a cardiologist who stated no immediate concern and believed this to be secondary to
dehydration and deconditioning. Once the clinicians
were aware of the subject’s reports of syncope and
occasional lightheadedness, the physical therapists
adapted the clinical interventions to include multiple timed rest breaks after challenging exercises
(up to two minutes in length). After the initial two
episodes of syncope, the subject and family denied
any other incident. The physical therapists slowly
decreased the timed rest breaks during the sessions
and the subject did not report any additional episodes of lightheadedness or syncope throughout the
rest of the plan of care.
At 12 weeks post-surgery, the subject demonstrated
full left knee AROM and full strength throughout
the lower quarter with manual muscle testing. Balance was tested using a single limb standing test and
the subject was able to hold for over thirty seconds.
The surgeon cleared the subject to begin running
and plyometric progression. Examples of plyometric exercises included jump downs, broad jumps,
lateral bounding and line jumps. As the subject

demonstrated a moderate amount of dynamic knee
valgus bilaterally and faulty landing mechanics,
increased time was spent focusing on safe lower
extremity mechanics.
The subject was discharged from physical therapy
after 15 total sessions. Functional testing per the
modified protocol (Appendix 1) on day of discharge
included a single limb hop for distance test. The
limb symmetry index was 100%. She was pain free
with all activity and had successfully returned to
playing golf. She demonstrated independence with
her home exercise program as well as confidence in
ways to progress the program. She was encouraged
to call the physical therapists with any questions or
concerns with her individualized program. Her parents were in agreement with the plan and all were
satisfied with the subject’s current level of function.
OUTCOMES
There were three different patient reported outcome
measures used during the treatment of this subject
which included the PSFS, NPRS and the ability to
participate in golf. The PSFS is a self-report measure
that has subjects list up to five activities that are difficult for them to complete or that cause a reproduction of pain.7 Although the PSFS can be broadly
used with many conditions, the PSFS is a useful tool
for measuring knee dysfunction. When using this
outcome measure with orthopedic knee conditions
the PSFS has a test-retest reliability of 0.84 and good
construct validity, and the standard error of measure is 1.0 point.7 The minimal clinically important
difference (MCID) is three points.7
The subject in this case report had an initial PSFS
score of 4/30. Her listed activities included walking (2/10), jogging (1/10) and golf (1/10) as the subject did not want to return to soccer. The total score
on the PSFS increased to 30/30 at discharge which
shows a clinically significant change in overall function. (Table 2)
The NPRS was also used during the treatment of
this subject. The NPRS is an easily administered
measure that assesses the subject’s average amount
of pain in the last 24 hours. They are asked to rate
their pain on an 11-point scale with “0” being no
pain and “10” being extreme pain. This can either
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Table 2. Change in outcomes.

be completed via a single 10 cm line or asked verbally. In this subject’s case it was addressed verbally
at every treatment session. In patients who have
knee pain, it has been suggested that the MCID is
1.2 points.8 Although the subject never complained
of high amounts of pain, her initial pain rating was
3/10 and decreased to 0/10 at the left lateral knee at
discharge.
DISCUSSION
Proximal tibiofibular joint instability is a condition
that is rarely encountered by the physical therapist.
This diagnosis receives little attention in the literature, but can cause pain and functional deficits for
months after injury due to the fact that it is under
recognized and often misdiagnosed.3 Even when
correctly diagnosed, management is controversial.6
Conservative options have included avoidance of
athletics, taping, bracing, strapping, and strengthening of the hamstrings, gastrocnemius and soleus
muscles. Surgical techniques have included arthrodesis of the superior tibiofibular joint, resection of the
proximal aspect of the fibula and temporary internal
fixation, all of which have early and late complications such as peroneal nerve injury, post-operative
ankle pain and instability and knee instability.9 Due
to these mixed results, soft tissue reconstruction of
the PTFJ ligaments has been recommended for adolescent patients.3,9 This technique has been reported
to be safe and effective, however, the post-operative
rehabilitation has not been described.
In this case report, the authors demonstrated that
using a modified ACL program was safe and effective following soft tissue PTFJ reconstruction for
this subject. The treatment program resulted in full
functional recovery for this subject and allowed the

subject to return to her desired sport at her final follow up assessment. The modified ACL protocol was
chosen because it most closely matched the specific instructions and restrictions provided by the
surgeon.
Three months after surgery, the subject demonstrated clinically significant improvement on the
PSFS, reporting 0/10 pain on the NPRS, full pain
free knee range of motion, and normal lower quarter strength with manual muscle testing. She did not
report any instability at her PTFJ. The subject was
able to complete a unilateral squat without excessive dynamic valgus and was cleared for jogging and
chipping from the physician. Her progress during
rehabilitation was slowed down due to her activityrelated fear and two episodes of syncope.
There are several limitations to this case report that
limit the strength of the results. This report is only
on one individual’s condition and response to treatment and therefore cannot be generalized. Because
of the inherent design and limitations of a case
report, a cause and effect relationship cannot be
inferred from the treatment and the subject’s successful outcomes. Additionally, the subject’s young
age and activity level were favorable conditions for a
successful outcome.
CONCLUSIONS
Although PTFJ instability is rare it is important to
have a well-documented and progressive plan for
progressions with these patients to achieve best outcomes. These results suggest that using a modified
ACL protocol may be a viable treatment option following PTFJ reconstruction for an adolescent athlete. This is a case report on one subject following
PTFJ reconstruction, and there is a paucity of literature on this condition. Therefore further research,
including controlled clinical trials and documentation of long-term outcome data, are warranted.
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Appendix 1. Modiﬁed ACL Reconstruction Rehabilitation Protocol
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Appendix 1. Modiﬁed ACL Reconstruction Rehabilitation Protocol (continued)
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Appendix 1. Modiﬁed ACL Reconstruction Rehabilitation Protocol (continued)
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INJECTIONS WITH EARLY REHABILITATION TO
EXPEDITE GRADE III MEDIAL COLLATERAL LIGAMENT
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ABSTRACT
Background: Medial collateral ligament (MCL) injuries are one of the most commonly treated knee pathologies in sports medicine. The MCL serves as the primary restraint to valgus force. The large majority of
these injuries do not require surgical intervention.
Case Subject Description: A 30-year-old professional wrestling athlete presented to the clinic with acute
complaints of right medial knee pain resulting from a traumatic valgus force. Physical exam revealed Grade
3 MCL injury. Magnetic resonance imaging confirmed clinical diagnosis of a Grade 3 proximal MCL tear.
This athlete had sustained a prior grade 3 ACL injury with Grade 3 distal MCL injury which required surgery to reconstruct the ACL and repair the MCL 13 months prior, in November of 2015.
Outcomes: The subject was successfully treated with a series of three sequential Leukocyte Rich Platelet
Rich Plasma (LR-PRP) Injections spaced evenly one week apart in addition to an early physical therapy
regimen. The total treatment time was cut down from an expected 35-49 days to 31 days.
Discussion: When paired with the appropriate rehabilitation treatment progression, the use of LR-PRP
injections in the treatment of an isolated MCL tear was beneficial for this subject.
Conclusion: The results of this case report indicate that the use of LR-PRP and early rehabilitation shows
promise in treating an acute grade 3 MCL injury. Future research utilizing randomized controlled trials are
needed.
Level of Evidence: Case Report, 4
Key Words: Knee, Leukocyte-Rich PRP, medial collateral ligament
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BACKGROUND
Medial collateral ligament (MCL) injuries are one
of the most commonly treated knee pathologies in
sports medicine.1,2 The MCL serves as the primary
restraint to valgus force at both 5˚ (57.4%) and 25˚
(78.2%) knee flexion.3 The large majority of these
injuries do not require surgical intervention. Furthermore, anatomically, a proximal injury is more
favorable than a distal injury in regards to healing
rate and regaining stability utilizing a conservative
treatment approach.2 Shelbourne et al2 has classified
these injuries as follows: Grade 1: No laxity with a
solid endpoint, Grade 2: Some medial laxity and a
firm endpoint, Grade 3: Complete disruption of the
medial collateral ligament with substantial medial
opening.2 Conservative care is the standard for
grades 1 and 2 injuries. Treatment of grade 3 injuries
remains controversial, however good outcomes have
been reported with conservative care.5 Additionally,
the treatment for distal versus proximal MCL injuries does vary based on the extent of the injury, with
distal grade 3 often requiring surgery.2 Holden et al4
reported return after MCL injury in as early as 10
days for Grade 1, and four weeks for a Grade 2. Kim
et al.5 reported a five to seven week recovery period
for a Grade 3 injury. A general rule of thumb with
MCL injury recovery is two weeks off per grade,
although time lost from sport can vary significantly
depending on lesion location, treatment progression, and demands of the sport.5,6
Platelet rich plasma (PRP) injections are becoming
an increasingly popular adjunct to non-operative
treatment protocols. PRP is autologous blood drawn
with the intent to concentrate platelet levels higher
than physiologic levels, in which, the concentration
is typically three to five times higher than physiologic baseline.7 Growth factors and other molecules
are contained within the alpha granules of platelets
that are involved in tissue repair and pain modulation, among other functions.8-11 A few key factors
found involved in tissue repair are transforming
growth factor-beta 1 (TGF-B1), insulin-like growth
factor (IGF), and, thrombospondin-1.11 PRP injections are initiated with intent to facilitate the healing cascade within the MCL due to the presence of
growth factors they subsequently introduced to the
site.12 The use of ultrasound to guide the PRP injection allows the physician performing the injection to

evaluate the ligament as well as ensure that the PRP
is injected within the site of ligament injury. The
treatment hypothesis was that the use of a threeinjection series of ultrasound guided leukocyte rich
PRP (LR-PRP) injections in combination with an
early physical therapy program would expedite the
healing of the MCL and overall return to participation. The use of three injections was based on the
non-invasive ability to monitor ligamentous healing
via ultrasound imaging and the clinical expertise of
the surgeon and physician performing the injections.
The rehabilitation focused on immediate motion to
facilitate collagen synthesis and alignment,13 preventing further quadriceps muscle atrophy, restoring lower extremity strength, as well as enhancing
the neuromuscular stabilization of the knee and full
body kinesthetic awareness. Bracing was used to in
conjunction to help control valgus stress on the MCL
outside of the clinic.
CASE DESCRIPTION
A 30-year-old professional male wrestling athlete
presented to the clinic 1/31/17 with acute complaints of right medial knee pain resulting from a
traumatic valgus force that occurred the previous
night 1/30/17. The subject of this case report also
trained aggressively with weight lifting exercises,
cardiovascular exercise, and in Crossfit. The subject had a pertinent past medical history of a right
ACL reconstruction with patellar tendon autograft,
medial meniscus repair, and distal MCL repair with
suture anchor fixation performed in November of
2015. The subject was ambulating with a modified
three point gait utilizing bilateral axillary crutches
with antalgia and weight bearing as tolerated in
a hinged knee brace locked at 0˚. Clinical exam
revealed an active range of motion from 5-120˚, 2
cm of swelling measured at the joint line, a negative Lachman’s exam with firm end feel, and a grade
2+/3 positive valgus stress test at 5˚ and 30˚ of knee
flexion. Strength testing and functional testing were
deferred due to the acuity of the injury. The magnetic resonance imaging (MRI) depicted a proximal
Grade 3 MCL tear in isolation. Due to the proximal location of the isolated injury, non-operative
treatment, via an early physical therapy program,
was chosen. In combination with the early physical therapy program, serial LR-PRP injections were
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Table 1. Acute Phase rehabilitation following LR-PRP
injection to the knee medial collateral Ligament

Figure 1. Right MCL soft tissue integrity at the time of initial
Leukocyte Rich-Platelet Rich Plasma injection on 2/1/17. The
red arrow pointing towards MCL ﬁbers in disarray.

performed, timed a week apart for three weeks total
under the guidance of ultrasound.
TREATMENT PROGRAM
The initial LR-PRP injection was performed on
2/1/17. Figure 1 depicts the soft tissue integrity of the
MCL at the time of the initial LR-PRP injection (Figure 1). Immediately following the LR-PRP injection
the rehabilitation process began in physical therapy.
Weight bearing activity in the clinic was performed
under the supervision of the physical therapist (PT)
without bracing. Weight bearing activity outside of
therapy took place in a hinged knee brace locked
at 0˚ until adequate quad control was demonstrated
during ambulation, without knee buckling.
The rehabilitation program was separated into three
phases, the acute phase, the intermediate, and, the
advanced phase. The first three days post-injection
consisted of the acute phase rehabilitation (Table
1). The acute phase rehabilitation consisted of ice
for pain relief, passive range of motion (PROM)
performed on the right knee by the physical therapist (PT). Initial passive range of motion was
performed 10-110˚. Neuromuscular electrical stimulation (NMES) was used during quadriceps setting,
straight leg raises, and 90-40˚ knee extensions via
a hand trigger that allowed the patient to maintain
constant muscle stimulus throughout the duration
of each exercise repetition. Straight leg adduction
raises were avoided in this phase to decrease valgus
stress at the knee. Weight shifting was performed in

a staggered stance, shifting in an anterolateral and
posterolateral direction on each leg. Partial squats
were initiated on a force plate with visual biofeedback to emphasize symmetrical lower extremity
loading. Class IV therapeutic laser treatment was also
utilized each session for seven minutes at 13.5 Watts
(LiteCure,Dover,DE). On day four post-injection,
the intermediate phase was initiated for three more
days. During this phase the subject was progressed
to upright stationary bicycling, isotonic multi-hip
machine hip abduction and extension strengthening
exercises, seated hip internal and external rotation
with elastic band resistance, hip bridging, double leg
dynamic balance on an unstable foam surface, and
double leg balance on a rocker board with light perturbations (Table 2).
A second injection was performed seven days later
(2/8/17) with simultaneous re-assessment of soft
tissue integrity with the use of ultrasound imaging (Figure 2). Once again this was followed by the
acute phase rehabilitation for three days and again
followed by a progression to the intermediate phase
rehabilitation up until the next injection. The final
injection of the series was performed seven days
after (2/15/17) the second injection, with final visual
assessment of the MCL (Figure 3). The final injection was followed by the acute phase rehabilitation
for three days, then the intermediate phase rehabilitation for five days, followed by a gradual progression into the advanced phase rehabilitation began on
day six after the third injection was completed.
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Table 2. Intermediate Phase rehabilitation following
LR-PRP injection to the knee medial collateral Ligament

Figure 3. Right MCL soft tissue integrity at the time of the
third and ﬁnal Leukocyte Rich-Platelet Rich Plasma injection
on 2/15/17. The arrow pointing to further signs of tissue
remodeling.

unstable surfaces. Finally, lower extremity vertical
and lateral plyometrics were also introduced during
this phase (Table 3.)
Cessation of treatment was determined by a clinical exam, which included improved valgus stability with firm end point, return of normal strength,
completion of a functional rehabilitation program,
satisfactory physical performance during dynamic
functional activity, and close communication
between the subject, the referring physician, and
the physical therapist.

Figure 2. Right MCL soft tissue integrity at the time of the
second Leukocyte Rich-Platelet Rich Plasma injection on
2/8/17, The red arrow pointing to signs of tissue remodeling.

The advanced phase rehabilitation was comprised
of a progression into increased dynamic functional
activity and strengthening. Cone marching drills
were performed going forward, backwards and laterally. Running in the Alter G treadmill (Alter G, Fremont, CA) was introduced, initially with one minute
intervals of work and two minutes of rest, to continuous running. A progression of weight resisted single
leg strengthening was initiated in this phase along
with a progression of dynamic single leg balance on

OUTCOMES
The final range of motion measurements were 5-0140˚ on the right knee (affected knee) compared
to 5-0-145˚ on the left knee (uninvolved knee). In
total, treatment spanned 31 days, with the subject
being discharged 32 days after the initial injury. The
total treatment time was cut down from the average
expected duration of 35 to 49 days5 before return to
full activity, to 31 days. The subject demonstrated a
non-antalgic symmetrical walking and running gait,
negative valgus stress tests at both 5˚ and 30˚, weight
bearing symmetry with squatting, and the ability to
perform vertical and lateral plyometric jumps and
hops without pain or apprehension. The subject was
able to return to professional wrestling full time,
unrestricted weightlifting, and training for Crossfit
competition.
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Table 3. Advanced Phase rehabilitation following LR-PRP
injection to the knee medial collateral ligament

use of a series of three, evenly spaced, sequential
injections.14 This is the first case report to outline
the post-injection rehabilitation. The authors believe
the expedited complete recovery of this subject back
to high level sport activity was achieved due to several key treatment interventions. It is believed the
use of LR-PRP, with laser therapy15-17 and immediate
motion created an optimal environment for healing.
In addition, early lower extremity muscle strengthening diminished muscle atrophy, and the use of
hip/core control exercises in combination with proprioception and neuromuscular dynamic stabilization drills promoted dynamic joint stability.
Limitations of this case report include, a joint opening measurement, via ultrasound imaging, was not
obtained pre or post-treatment to provide further
objective evidence of benefit. A validated patient
reported outcome questionnaire was not utilized to
track progression through rehabilitation. Strength
testing via handheld dynamometry was not conducted. A specific return to activity battery of tests
such as Biodex testing, single leg press tests, and hop
tests were not performed. Finally, this case report
reflects a sample size of one and the results cannot
be generalized.

DISCUSSION
MCL injuries are a commonly treated musculoskeletal pathology seen in orthopedic and sports medicine clinics. A Grade 3 MCL injury is commonly
associated with an absence from sport or full athletic
participation for five to seven weeks as cited in the
literature.5 When paired with the appropriate rehabilitation treatment progression, the use of LR-PRP
injections in the treatment of an isolated MCL tear
appears to have been beneficial for this subject. In
the elite professional athlete, return to participation
4 to 18 days sooner than expected, the cost effectiveness of LR-PRP injections could be significant when
lost wages, lost ticket sales, lost advertising costs, lost
merchandise sales, and the cost of prolonged treatment are considered. This is the second published
case report to the authors’ knowledge examining the

CONCLUSION
The use of LR-PRP injections is becoming more common place in the orthopedic and sports medicine
practice. In this case report, the use of three serial
LR-PRP injections in combination with an early
rehabilitation program was shown to be beneficial
for the treatment of an isolated Grade 3 MCL injury.
Optimal timing of LR-PRP injections, dosing, and
long term efficacy remains in question as well as the
optimal timing and dosing of the rehabilitation regimen. Future research utilizing LR-PRP should investigate and outline both the injection protocol as well
as the rehabilitation protocol used.
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EVIDENCE-BASED PROCEDURES FOR PERFORMING
THE SINGLE LEG SQUAT AND STEP-DOWN TESTS
IN EVALUATION OF NON-ARTHRITIC HIP PAIN:
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ABSTRACT
Background: Functional performance tests are commonly utilized in screening for injury prevention, evaluating for athletic injuries, and making return-to-play decisions. Two frequently performed functional
performance tests are the single leg squat and step-down tests.
Purpose: The purpose of this study was to systematically review the available psychometric evidence for
use of the single leg squat and step-down tests for evaluating non-arthritic hip conditions and construct an
evidence-based protocol for test administration.
Study Design: Review of the Literature
Materials/Methods: A search of the PubMed and SPORTSDiscus databases was performed. Psychometric
evidence of reliability, validity, and responsiveness to support the use of the both tests were collected. The
protocols used for administering these tests were extracted, summarized, and combined.
Results: Of the 3,406 articles that were reviewed, 56 total articles met the inclusion criteria and were
included in the review. Evidence for reliability and validity was available to support the use of the single
leg squat and step-down tests. Both tests assess for neuromuscular control of the hip and surrounding
muscular structures. Evaluation of these functional movement patterns enable the clinician to assess for
limitations that may cause an increase in hip pain and dysfunction.
Conclusions: The single leg squat and step-down tests can assess for kinematic and biomechanical deficiencies and may be useful in the evaluation process for individuals with non-arthritic hip pain. The
authors of this review present a comprehensive evidence-based protocol for standardized performance of
these tests.
Level of Evidence: 2b
Keywords: Functional performance testing, non-arthritic hip pain, standardized protocol
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INTRODUCTION
Functional performance tests are used to evaluate
basic dynamic movement patterns that are commonly part of more complex activity. Such tests
typically combine range of motion, strength, and
proprioceptive assessment. They allow for the
simultaneous evaluation of movement in all three
(frontal, sagittal, and transverse) planes of motion.
These functional performance tests can be useful
in sports medicine to screen for injury prevention,
evaluate athletic injuries, and help in return-to-play
decisions.1-3 The single leg squat test (SLST) (Figure 1) and step-down test (SDT) (Figure 2) are two
well-known tests described in the published literature and used in clinical practice.4,5 The SLST and
SDT have been used in the evaluation of individuals
with lower extremity dysfunction, most commonly
among patients with knee pathology.6-15 However,
these tests also assess for several deviations in hip,
pelvis, and trunk performance that are considered
important when assessing individuals with hip
pain.16,17
The overall movement pattern during descent for
both the SLST and SDT include hip and knee flexion with anterior pelvic tilt, flexion at the trunk,
and hip adduction with knee internal rotation and

abduction.17-19 While these two tests are similar, they
have been shown to produce different patterns of
movement and stresses at the hip.20,21 Therefore,
both the SLST and SDT could potentially be used to
assess for kinematic and biomechanical deficiencies
and be useful in the evaluation process of individuals with hip-related dysfunction. Static measures of
range of motion performed standing or supine may
not accurately depict the biomechanical demands
of dynamic movements. It is currently unclear how
the implementation of the SLST and SDT in clinical
evaluation of non-arthritic hip patients is best accomplished, but there is promise regarding the potential of routine addition of these tests for advancing
the understanding of non-arthritic hip dysfunction.
Additional examination of strength, flexibility, and
endurance could be necessary to specifically identify the underlying pathologies, however, the inclusion of the SLST and SDT in clinical practice may be
particularly helpful in the examination of patients
with non-arthritic sources of hip pain. There is a
need for an evidence based standardized protocol for
administering the SLST and SDT in individuals with
non-arthritic hip pain.
The purpose of this study was to systematically
review the literature to identify the psychometric

Figure 1. The Single Leg Squat Test. (A) – Initial test position. (B) – Squat position.
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Figure 2. The Step-Down Test. (A) – Initial test position. (B) – Step down position.

evidence to support the use of and the best methods
for administration of SLST and SDT in evaluation of
patients with non-arthritic hip pain. The results of
this study will allow for the development of a standardized protocol for administering the SLST and
SDT in clinical practice and future research studies
involving non-arthritic hip conditions.
METHODS
Search Strategy for Identiﬁcation of Studies
A search of the PubMed and SPORTDiscus databases
was performed to include articles from January 1997
to March 2017. Articles were identified that offered
psychometric evidence for reliability, validity, and
responsiveness regarding the administration of the
SLST and SDT for examination of trunk and lower
extremity function. The following key words were
used in combination for searching the electronic
databases: “single leg squat” AND “step down.” The
primary author reviewed the abstracts of all references retrieved from the search and duplicates were
removed. From this search, full length articles were
retrieved and reference lists for these articles were
also reviewed for additional relevant articles.

Research articles were included if they met the following criteria: 1) written in English, 2) published in
a peer-reviewed journal after 1997, and 3) described
the use of the SLST and/or SDT test in evaluation
of strength, balance, postural control, or range of
motion in the trunk, pelvis, hip, or knee. Studies
were excluded if they assessed only the ankle or foot
during performance of the tests, or the performance
of testing was completed on patients with degenerative disorders (i.e. osteoarthritis).
Data Extraction – Reliability & Validity
Statistical analysis of reliability including testretest, intra-rater, and inter-rater, and was recorded
from each evaluated research article.2,22,23 Reliability was recorded as an interclass correlation coefficient (ICC) for interval or continuous data and the
Cohen’s Kappa statistic for categorical or nominal
data.24-26 Both the ICC and Kappa coefficient are valued on a scale of 0.0 to 1.0, with values closer to 1
showing higher reliability.27 A value for either the
ICC or Kappa that is equal to or greater than 0.75 is
considered excellent, between 0.40 and 0.74 is considered moderate, and less than 0.40 is considered
poor.24
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validity, 15 articles addressed reliability, and 14
addressed both reliability and validity. There were
no articles that addressed the responsiveness of testing for either the SLST or SDT.
There was no evidence of reliability in administration
or evaluation procedures for either the SLST or SDT
specifically in patients with documented hip dysfunction. Evidence of reliability for the visual assessment
of overall quality of movement for both the SLST
and SDT in both healthy subjects and those with
documented knee injuries is shown in Table 1. Both
the SLST and SDT were found to be reliable when
the evaluation was based on the evaluators overall
impression of test performance as well as evaluation
of specific biomechanical deviations for posture and/
or movement of the trunk, pelvis, hip, and knee.29-32

Figure 3. Results of Literature Search for Single Leg Squat
and Step-Down Tests. SLST – single leg squat test; SDT – stepdown test.

There was no evidence of validity in administration
of the SDT specifically in patients with documented
hip dysfunction. One study for the SLST demonstrated evidence of validity in administration for
patients with hip dysfunction.16 Both tests demonstrated evidence of validity in kinematic and muscle function assessment in healthy patients. Table 2
presents the evidence related to validity in evaluation of hip function for both the SLST and SDT.

Validity for the SLST and SDT was assessed by
comparing the performance of individuals with a
documented lower extremity condition to healthy
individuals and/or comparing performance on
another test that shares similar characteristics with
the SLST and SDT.28 This relationship is commonly
expressed through correlation coefficients, comparing the performance of each clinical test with other
values, such as muscle strength and lower extremity
range of motion.

Results attained from studies on the SLST2,18,29,33-41
(Table 3) and SDT6,13,29,33,39,40,42-44 (Table 4) were used
to create a standardized protocol and scoring criteria for both functional performance tests for use
in examination of individuals with non-arthritic
hip pain. Evaluation for the proposed protocol was
based on an overall impression of the trials (including balance and evaluation of the arm strategy),
posture or movement of the trunk, posture of the
pelvis, hip joint movement and posture, and knee
joint movement and posture.29-32

RESULTS
A total of 3,406 research articles were identified
in the initial search. After applying the inclusion/
exclusion criteria and subsequent evaluation of reference lists, a total of 56 studies were included in the
review. Search results included 37 articles describing the SLST, 14 describing the SDT, and 5 articles
describing a combination of the SLST and SDT as
shown in Figure 3. A total of 27 articles addressed

DISCUSSION
This literature review identified evidence of reliability and validity for the SLST and SDT, with a large
proportion of the literature determining these psychometric properties in the healthy population. While
there was only one study that offered evidence of
validity for the SLST in individuals with non-arthritic
hip pain, there was evidence that both tests may be
useful in evaluating for range of motion, strength,
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Table 1. Studies offering evidence of reliability in overall quality of movement
for SLST and SDT

and proprioceptive deficiencies of the hip and surrounding muscular structures. These tests assess for
several deviations in trunk, pelvis, and hip performance that are considered important when assessing individuals with non-arthritic hip pain. From the
identified articles, a standardized protocol and scoring criteria was created for administering the SLST
and SDT based on the best available evidence.
The SLST demonstrated moderate to excellent reliability for evaluation of test performance. Visual
assessment of overall quality of movement for the

SLST showed a 73-87% agreement for inter-rater and
intra-rater reliability (Kappa= 0.61 – 0.80) based on
a five-point scoring criteria.29 Moderate to excellent
reliability was also present in the inter-tester evaluation of adolescent trunk, hip, and knee postural orientation utilizing a four-point scoring criteria (Kappa =
0.54 – 0.86).45 Visual observation of dynamic knee
valgus and frontal plane projection angle (FPPA) was
also shown to be reliable in evaluation of asymptomatic patients during performance of the SLST.4,35,46-49
While the SLST test has been shown effective in the
pass/fail evaluation of an individual’s trunk, hip,
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Table 2. Studies offering evidence of validity for kinematic evaluation of the trunk, pelvis, hip, and knee.

Table 3. Single Leg Squat Test Protocol
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Table 4. Step-Down Test Protocol

knee, and lower leg movement patterns, a more
objective set of criteria is necessary for reliable identification of specific biomechanical deficiencies in
multiple planes.30 Kinematic evaluation of the trunk,
pelvis, hip, and knee utilizing an electromagnetic
tracking system demonstrated excellent intra-rater,
intrasession reliability (ICC = 0.83 – 1.00) and intrarater, intersession reliability (ICC = 0.82 – 0.96).50
In addition to evidence of reliability, the SLST was
valid in the evaluation of dynamic lower extremity
control and hip muscle function.16,29,51 Individuals
with documented hip chondropathy were shown to
have an overall decrease in balance, as determined
by the amplitude and velocity of center of pressure
movement when performing the SLST compared to
healthy individuals.16 Increased hip external rotation
range of motion may also predict balance impairments for those with non-arthritic hip pathologies.16
Moderate, negative correlations between test performance and muscle function of the hip abductors
(r = –0.37, p < 0.05).53 Hip abduction (r = 0.466,

p = 0.002), hip external rotation (r = 0.464, p =
0.003), hip extension (r = 0.396, p = 0.012) and core
musculature (r = 0.426, p = 0.006) were shown to
have moderate, positive correlations to the frontal
plane projection angle during performance of the
SLST.54 Individuals who were graded as having a
“poor” SLST showed weakness and slower activation
of the hip abductors specifically the gluteus medius
as measured by electromyographic activity,29 with
an increase in hip adduction and flexion motions
compared to those that were graded as “good” based
on visual observation56 Greater strength in the hip
abductors and an increase in depth of knee flexion
was shown to be related to a decrease in the valgus
motion of the knee during the SLST.53 The increase
in coactivation of gluteal and hip adductor muscles
was shown to also cause a decrease in valgus motion
of the knee during the SLST as measured by electromyographic activity and an electromagnetic motion
tracking system.57,58 The SLST was shown to induce
less hip adduction but more hip external rotation
and knee abduction compared to the SDT.17
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Although the evidence for reliability and validity of
the SDT is less than that for the SLST, the SDT was
shown to have moderate to excellent reliability for
test performance. The SDT showed excellent interrater reliability for overall quality of movement
(Kappa = 0.81, 0.68 – 0.94), as well as moderate to
excellent interrater reliability for trunk alignment
(Kappa = 0.72, 0.57 – 0.87), pelvic plane (Kappa =
0.71, 0.52 – 0.90), and knee positioning (Kappa =
0.87, 0.75 – 0.99) during performance in individuals
with patellofemoral pain.59,60 Intra-rater reliability
for SDT performance in individuals with patellofemoral pain syndrome and healthy subjects was also
shown to be excellent (ICC = 0.94, SEM = 0.53).6
The overall movement quality of the SDT has been
shown to have moderate (Kappa = 0.67, 80% agreement)43 to excellent inter-tester reliability (Kappa =
0.80, 85% agreement)31 based on a five point scoring criteria in healthy individuals.43 Moderate interrater reliability for the SDT was even shown amongst
142 physical therapists who evaluated 15 healthy
subjects on a three level rating criteria (ICC =
0.61, 74% agreement).61 Kinematic evaluation of
the trunk, pelvis, hip, and knee utilizing an electromagnetic tracking system demonstrated excellent
intra-rater, intrasession reliability (ICC = 0.83 –
1.00) and intra-rater, intersession reliability (ICC =
0.82 – 0.97).50
The available studies demonstrated evidence of
validity for evaluation of hip and trunk muscle
function. Hip abduction (r = 0.446, p<0.001) and
external rotation (r = 0.448, p<0.001) strength were
positively correlated with performance of the SDT.42
Those evaluated as having “good” movement quality
had significantly stronger hip abductors, increased
knee active range of motion, and increased hip
adduction range of motion than those with “moderate” movement quality.31 “Moderate” quality of
movement patterns also had an increased contralateral pelvic drop (p= 0.01) and increased knee
external rotation (p = 0.04) compared to those that
were evaluated as “good.”62 The SDT was found to
be more biomechanically demanding when compared to the SLST, however, the differences between
the two were not statistically significant (p range =
0.36 – 1.00).19 Although similar in performance,
when compared to the SLST the SDT demonstrated

significantly greater knee flexion (p<0.001), as well
as hip flexion and adduction (p≤0.013) during test
performance.17,19 The frontal plane projection angle
of the hip was also significantly higher during the
SDT than in the SLST (p<.001) as observed with 3-D
imaging, surface electromyographic activity, and
ground reaction forces.19 Examination of test performance for both functional tests have shown an
increase in hip abductor strength and degree of knee
flexion to have a significant effect on decreasing hip
adduction and valgus motion at the knee.17,54 The
SLST and SDT are beneficial in evaluating patients
through visual observation of pelvic tilt and rotation
as well as trunk stability.42,50,52
This literature review was used to assimilate current evidence to construct standardized protocols
for administering the SLST and SDT for use during
the examination of individuals with non-arthritic hip
pain. The proposed protocols for both the SLST and
SDT reflect the authors’ interpretations of best available evidence of reliability and validity extracted from
the current peer-reviewed literature. Evaluation was
based on an overall impression of each repetition
(including balance and evaluation of the arm strategy), posture or movement of the trunk, positioning
of the pelvic plane, hip joint movement and positioning, and knee joint movement and posture.29-32
The accumulation of procedures utilized for both
the SLST and SDT were extracted and analyzed by
the authors from the current peer-reviewed literature in order to assess for reliability and validity.
These results were summarized and combined to
create a recommended protocol and evaluation procedure for clinical utilization of the SLST and SDT
in individuals with non-arthritic hip pain. The standardized protocol and scoring criteria for both the
SLST and SDT can be found in Table 3 and Table 4,
respectively.
There are limitations present in the current review
that need to be considered when interpreting the
results and recommendations. The proposed protocols for administration of the SLST and SDT are
based on the authors interpretation of the current
peer-reviewed literature. These recommendations
may not be the only viable options for administration of the SLST and SDT during assessment of
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individuals with non-arthritic hip pain. Different
techniques for test performance as well as differing
landmarks for the visual evaluation criteria could be
utilized with effectiveness. Other functional performance tests may be beneficial in the evaluation of
individuals with intra-articular conditions of the hip.
Caution should also be exercised when generalizing
the results of the current review to other populations. Future studies are needed to demonstrate the
diagnostic accuracy of the SLST and SDT in evaluation of individuals with non-arthritic hip pain. The
use of three-dimensional motion analysis technology and electromyographic assessment could also
add quantitative analysis to validate the use of the
SLST and SDT in this population.
CONCLUSIONS
Evidence was available to support the reliable and
valid use of the SLST and SDT. Both tests have been
utilized to assess quality of movement in the hip and
surrounding structures. These tests are indicative of
the weight-bearing demands and dynamic muscular
control needed for sports related movements. The
best procedures used during research to assess reliability and validity of the tests were extracted, analyzed, summarized, and combined in order to create
suggestions for practical, clinical procedures for utilization during administration of the SLST and SDT in
examination of individuals with non-arthritic hip pain.
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A REVIEW OF OUTCOME MEASURES FOR MUSCLE
STRUCTURE AND FUNCTION, TENDON STRUCTURE,
AND NEURAL AND PAIN ASSOCIATED MECHANISMS
Myles Murphy, PT1-3
Ebonie Rio, PT, PhD4,5
James Debenham, PT, PhD1
Sean Docking, PhD4
Mervyn Travers, PT, PhD1,6
William Gibson, PT, PhD1

ABSTRACT
Introduction: Alterations in tendon structure and muscle performance have been suggested as mechanisms driving improvement
in pain and function with mid-portion Achilles tendinopathy (AT). However, few trials have used consistent outcome measures to
track differences in muscle structure and function, tendon structure and neural and pain associated mechanisms.
Objectives: 1) Identify the outcomes measures used in trials utilising loading protocols for mid-portion AT that assess muscle
structure and function, tendon structure and neural and pain associated mechanisms in order to report on the reliability of the
identified measures, and 2) Propose a summary of measures for assessment of muscle structure and function, tendon structure
and neural and pain associated mechanisms in patients with AT.
Design: Literature Review
Data Sources: Three electronic databases were searched from inception until May 2016 for studies using loading protocols for
mid-portion AT.
Eligibility Criteria: Randomized and non-randomized trials of loading protocols for mid-portion AT.
Results: Twenty-eight studies were included; seven assessed muscle, 21 assessed tendon and two assessed neural and pain associated mechanisms. Evidence suggests that isokinetic dynamometry, eccentric-concentric heel raise tests, single leg drop countermovement jumps or hopping are the most reliable ways to assess muscular adaptation. Assessment of tendon structure is unlikely
to have any benefit given it does not appear to correlate to clinical outcomes. The neural and pain associated mechanisms have
not been thoroughly investigated.
Conclusion: Further research needs to be done to determine the role of muscle, tendon and neural adaptations using reliable
outcome measures during the management of mid-portion AT.
Level Of Evidence: Level Five.
Key Words: Achilles; outcome measures; reliability; tendinopathy; tendon structure; tendon function
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INTRODUCTION
Achilles tendinopathy (AT) is a common runningrelated injury, with a prevalence of 6.2-9.5% in
recreational runners.1 AT can present as either
mid-portion or insertional tendinopathy. Midportion tendinopathy affects the mid-portion of
the tendon approximately 2-4 cm proximal to the
insertion whereas insertional tendinopathy affects
the tendon insertion onto the calcaneus.2 Clinically,
AT is characterised by pain and stiffness with these
symptoms affecting athletic function.3,4 Mid-portion
and insertional AT are considered different clinical
entities,5 and accordingly, the scope of this review
focusses purely on mid-portion AT.
Both researchers and clinicians are challenged by
mid-portion AT.6 Exercise rehabilitation, specifically
either eccentric only or isotonic resistance loading
protocols, appear to be effective interventions over
time.2,7 While these programs appear effective, a
proportion of patients who complete loading protocols
continue to experience symptoms at five year follow
up.8,9 One potential explanation for this relates to
the incomplete understanding of the mechanisms
underpinning this therapy.10 Several theories
have been alluded to in the literature including 1)
alterations in tendon structure11 2) alterations in
muscle performance12 and 3) alterations in pain
mechanisms.13 Evidence supporting these theories
however, is either sparse or conflicting and without
clear guidance on what outcome measures should
be used to assess muscle (structure and function),
tendon and neural contributions.
The most commonly cited mechanism underpinning
improvements in AT following a loading program
is improvements in the material and mechanical
properties of the tendon.11,14 This is based on the
theory that disorganized fibrillar structure observed
within tendinopathic tissue may be responsible for
the pain associated with tendinopathy.3,4 For instance
in the pathological tendon, a decrease in tendon size
and signal on Magnetic Resonance Imaging (MRI) has
been proposed to reflect positive improvement in the
tendon.11,14 This theory has recently been challenged
as the majority of work in this area indicates that
changes in tendon structure and volume do not
explain improvements in pain and function when

assessed with greyscale ultrasound (US), ultrasound
tissue characterisation (UTC) and MRI.15,16 Given
the lack of correlation between tendon structure
on imaging and improvement in pain and function,
recent attention has been directed towards possible
adaptations that may occur in either the muscular12
and/ or neural and pain associated mechanisms.13
The muscular system, specifically plantar flexor
performance, may act as a ‘stress shield’ for the
Achilles tendon,17 which is believed to optimize
the stretch shortening cycle.18 A growing body of
biomechanical literature supports the premise
that muscle performance and musculotendinous
behaviour are intimately linked, and can be
modulated by training. In response to loading,
muscle performance improves in timeframes of
seconds to weeks, mediated initially by neural
mechanisms,19 then subsequently by functional and
structural changes within the muscle itself.20 For
example, maximal voluntary isometric contraction
has been shown to immediately increase following
a single bout of isometric loading in patients with
patellar tendinopathy and this was associated with
a decrease in excess cortical motor inhibition.21
However, these findings have yet to be replicated
in mid-portion AT. Medial gastrocnemius fascicles
have been shown to have an intimate relationship
with the stiffness of the muscle-tendon unit and can
be considered in series with the Achilles tendon.22
Longer gastrocnemius fascicle length has also
been shown to correlate with improved physical
performance in running athletes.23 In healthy
individuals, muscle strength improves within days
following resistance training.19 These improvements
are due to a plethora of suggested neural mechanisms
such as increases in motor unit firing rates, double
discharges of individual motor units, increased
excitability of the motor cortex and cross transfer/
cross education.19 Changes in sensory receptors may
also lead to a disinhibition or increased expression
of muscle force.19 Despite these early changes in
motor output, true muscular hypertrophy appears
only after approximately three weeks of a resistance
training protocol.20 Given that clinical improvements
in response to loading interventions are typically
observed prior to this time point, it is likely that
other mechanisms driving this improvement are
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involved here also. The early improvement in pain
and function without frank adaptation in muscular
tissue implicates neural mechanisms as a likely
mechanism underpinning this clinical observation.
The drivers of pain in both upper limb and lower limb
tendinopathy remain poorly understood, although
evidence exists supporting peripheral tendon-based
nociceptive contributors as well as input from the
central nervous system (CNS).10,24,25 Furthermore,
a case control study specific to patellar and AT
demonstrated a predominantly peripheral pain
state.26 Importantly, immediate improvements in
self-reported pain have been demonstrated following
exercise rehabilitation for other conditions such as
knee osteoarthritis.27 When it comes to measuring
pain and function, it has also been highlighted
that the reliability and validity of many outcome
measures used within intervention studies for midportion AT have not been established.28 This means
that the findings of research and clinical assessment
may potentially be inaccurate or misleading.28
Thus, it is vital that outcome measures across all
assessment domains are valid and reliable in order to
produce high quality research which usefully informs
our understanding of changes in muscle structure
and function, tendon structure, and neural and pain
associated mechanisms in mid-portion AT rehabilitation.
One challenge in understanding these mechanisms
is that few trials have used consistent outcome
measures to quantify the changes in muscle structure,
muscle function, and tendon structure. The chosen
outcome measures also lack sufficient reliability
allow confidence in the results. It is important
that clinicians and researchers are familiar with
the outcome measures that have been used in
clinical trials including their reliability, as suboptimal outcome measures can produce results with
questionable utility. However, while reliable measures
are important for researchers it is also important for
clinicians to know which measures are accessible for
everyday practice. This may in turn reduce barriers
to implementation of these measures.29
AIMS
The objectives of this literature review are: 1) Identify the outcomes measures used in trials utilising

loading protocols for mid-portion AT that assess muscle structure and function, tendon structure and neural and pain associated mechanisms in order to report
on the reliability of the identified measures, and
2) Propose a summary of measures for assessment of
muscle structure and function, tendon structure and
neural and pain associated mechanisms in patients
with AT.
METHODS
Criteria for considering studies for this
review
Types of studies
Both non-randomized cohort studies and randomized
controlled trials were included if a loading protocol
was used to treat mid-portion AT. Case reports, clinical
observations, and systematic reviews were excluded.
Types of participants
Physically active and sedentary participants aged 18
years and over identified as having mid-portion AT
for greater than three months were included. Studies
including participants with insertional AT or other
causes of pain (differential diagnoses) anywhere in
the Achilles region were excluded from the review.
Types of interventions
Intervention studies using either isometric, eccentric,
concentric or isotonic (eccentric and concentric) loading protocols were included. Studies that employed
an isometric, eccentric, concentric or isotonic loading
program in conjunction with a placebo therapy (for
example sham laser treatment) were included.
Types of outcomes measures
Only studies that used an outcome measure of muscle structure and function, tendon structure, and
neural and pain associated mechanisms in mid-portion AT were included.
Search methods for identiﬁcation of studies
Electronic Searches
Searches using free text terms (Table 1) were used
to identify published articles on the following electronic databases; PUBMED, CINAHL (Ovid) and
CINAHL (EBSCO). Only peer reviewed, human,
clinical trials and cohort studies were included.
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Table 1. Systematic Review Search Strategy

Searching other Resources
Reference lists from reviews and retrieved articles
were checked and citation searches on key articles
performed. The list of included studies was evaluated by content experts to help identify any additional relevant studies.
Data collection and analysis
Selection of Studies
One review author (MM) searched and assessed the
titles and abstracts of potential studies identified
by the search strategy for their eligibility. Studies
were exported to reference management software
EndNote X8.0.2 (Clarivate Analytics, 2017) and
duplicates were removed. If the eligibility of a
study was unclear from the title and abstract the
full paper was assessed. Studies that did not match
the inclusion criteria for this review were excluded.
Studies were not anonymised prior to assessment. A
PRISMA study flow diagram was used to document
the screening process.30

RESULTS
Selection of Studies
A total of seven studies were included that contained
a measure of muscle structure or function.31-37 A total
of 21 studies were included that contained a measure
of tendon structure.9,11,14,15,33,38-53 A total of two studies
were included that contained a measure of neural
and pain associated mechanisms.8,51 Given overlap in
some studies a total of 28 studies were included for
analysis. The study selection process is demonstrated
in the Prisma Flow Diagram (Figure 1).

Data abstraction and management
One review author (MM) extracted data from all
included studies using a standardized and piloted
data extraction form on Microsoft Excel (Microsoft,
2016). The following information was recorded; primary author, year of publication, study design, study
population (diagnosis), sample size, loading intervention (e.g. heavy eccentric calf training), outcome
measures used, number of follow up points and time
(weeks) at each follow up point.
Data synthesis
Reliability was reported if provided by the study
using the outcome measure. If the study provided
a reference to psychometric properties, the referenced study was used to extract the data.

Figure 1. PRISMA Study Flow Diagram.
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Data Extraction
Data were extracted from 28 studies, of which some
studies assessed a combination of muscle strength
and function, tendon structure and neural and pain
associated mechanisms. The characteristics of the
included studies are presented in Appendix A.
MUSCLE STRUCTURE AND FUNCTION
Data Synthesis
The outcome measures used to assess muscle structure and function are presented in Table 2. Three
separate measures are shown to represent muscle
function; categorized into those looking at muscle
strength, endurance, or power production
Structure
Ultrasound (US) has been used to examine muscle
structure in a single clinical trial.32 US assessment of
the calf muscle complex has shown excellent reliability
when assessing gastrocnemius thickness (Intrarater ICC=0.96-0.99, Inter-rater ICC=0.97-0.99),55
gastrocnemius fascicle length (Intra-rater ICC=0.91)54
and gastrocnemius pennation angle (Intra-rater
ICC=0.69-0.82, Inter-rater ICC=0.70-0.96).55

Strength
Isokinetic dynamometry, albeit at different speeds,
has been used to measure strength in three clinical
trials31,33,36 while the eccentric-concentric toe/
heel raise strength tests have been used in one
clinical trial.34 Excluding isokinetic dynamometry
at 225 degrees/second, all other speeds tested
showed superior (good to excellent) reliability
when compared to the eccentric-concentric heelraise tests. Specifically, isokinetic dynamometry at
120deg/s shows excellent reliability (r=0.94).59 The
eccentric-concentric heel-raise test also shows good,
yet inferior, reliability (ICC= 0.76-0.86)60 when
compared to isokinetic dynamometry.
Endurance
To measure muscle endurance, isokinetic
dynamometry has been used in one clinical trial33
and heel-raise test for endurance have been used
in two clinical trials.34,35 The reliability of slow,
endurance based isokinetic dynamometry has
not been assessed in the ankle, however the heelraise test for endurance shows good reliability
(ICC=0.78-0.84).60

Table 2. Outcome measures assessing muscle structure and function
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Power Production
Power production has been assessed using a variety
of different tests measuring multiple variables (e.g.
height, air time etc) with the Sargent jump test
being used in one clinical trial,36 the one legged
counter movement jump (CMJ) being used in two
clinical trials,34,35 the one legged drop CMJ being
used in one clinical trial34 and hopping used in two
clinical trials.34,37 The Sargent jump test (Test-retest
ICC=0.96)62 reported marginally better reliability
than one legged CMJ (Test-retest ICC=0.91-0.93),35,60
one legged drop CMJ’s (r=0.0.88-92)60 and hopping
(Test-retest ICC=0.83-0.94).60
TENDON STRUCTURE
Data Synthesis
The outcome measures used to assess tendon structure are presented in Table Three. Three separate
measures are shown; categorised into those looking
at structure, para-tendinous substances, and tendon/ paratenon microcirculation.
Structure
Tendon structure has been measured using Greyscale
US in 10 clinical trials,9,39,41,42,46,48-52 Doppler US has

been used in seven clinical trials,9,39-41,43,47,53 UTC has
been reported in two clinical trials15,42 and MRI has
been used in two clinical trials.11,14 Excellent intrarater reliability was seen when classifying tendon
structure into echo-types using UTC (ICC=0.950.99).65 MRI assessment of tendon volume showed
excellent intra-rater (r=0.98-0.99)11 and interrater(r=0.96-0.99)11 reliability. MRI assessment of
Mean Achilles Tendon Signal has shown excellent
intra-rater (r=0.84-0.97)11 and inter-rater reliability
(r=0.78-0.95).11 Grading tendon structure on Doppler
US using the Modified Ohberg Score (0 =no vessels
visible, 1+ =1 vessel, mostly anterior to the tendon,
2+ =1 or 2 vessels throughout the tendon, 3+ =3
vessels throughout the tendon, or 4+ =more than 3
vessels throughout the tendon) showed good interrater reliability (ICC=0.85).64 Tendon thickness
measured by greyscale US has shown good intrarater (ICC=0.78-0.90)67 and inter-rater (ICC=0.720.73)67 reliability.
Para-tendinous substances
One clinical trial has measured paratendinous
substances using micro-dialysis.45 The variability
of assessing interstitial carboxyterminal propeptide

Table 3. Outcome measures assessing tendon structure
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of type I collagen (PIPC) was shown to be good
(CV=2.7% at 214μg/L)45 and the variability of
assessing interstitial carboxyterminal telopeptide
region of type I collagen (ICTP) was also shown to
be good (CV=4.9% at 6.1μg/L).45
Tendon/ paratenon microcirculation
Tendon and paratenon micro-circulation has been
measured by assessing non-invasive combined laser
Doppler and flowmetry in one clinical trial. The
intra-tester (CV=5%)66 and inter-tester (CV=3237%)66 variability has shown to be good.
NEURAL AND PAIN ASSOCIATED
MECHANISMS
Data synthesis
The outcome measures used to assess domains
within the nervous system are listed in Table 4.
Peripheral sensitivity
There is a dearth of information assessing the neural
and pain associated mechanisms in clinical trials
in AT. Mechanosensitivity has been assessed using
Pressure Pain Thresholds (PPT) in one clinical trial.51
PPT’s using manual algometry have been shown to
have excellent intra-rater reliability (ICC=0.96)68 in
the Achilles tendon.
DISCUSSION
Muscle structure and function
Structure
In patients with AT, medial gastrocnemius fascicle
length significantly increases within six weeks of
beginning an eccentric calf program and correlates
with improvements in pain and function.32 However,
while US measures of fascicle length are reliable54
these investigators did not establish the reliability
of the measure themselves32 leading to potential
bias. The role of soleus fascicle length has not
been investigated yet in mid-portion AT. Whilst US
is reliable for assessing calf muscle architecture,

changes in calf muscle thickness have not been
shown to correlate to improvement in pain and
function in mid-portion AT leaving questions
regarding its utility.32 MRI has not been used in
clinical trials to assess muscle structure but it is
highly reliable in assessing the muscle volume of
the gastrocnemius (Intra-rater ICC=0.99-1.00, Interrater ICC=0.99)70 and soleus (Intra-rater ICC=0.991.00, Inter-rater ICC=0.99).70 US and MRI are
appropriate for use in assessing muscle structure
in research. However, access to these measures and
the training required to report on them is likely a
significant barrier to use. Quantification of muscular
hypertrophy or architectural changes will not likely
occur for at least three weeks following the inception
of a loading protocol.20,32 Therefore, any future work
investigating these changes require appropriate
timeframes for follow-up.
Strength
A variety of different assessments have been used
to quantify muscle strength in mid-portion AT.
Varied speeds for isokinetic dynamometry have
been reported and speed of isokinetic dynamometry
should therefore be selected based on the role
of the muscle to tie into function. The required
speed for performing a heel raise is 6.3-6.5 rad/s,71
walking is 4.2 rad/s,72 transitioning from walking
to running is 6.6 rad/s,73 running is 8.4-9.0 rad/s74
and jumping is 16 rad/s75 (Figure 2). Given the large
angular velocities required in the ankle for function,
isokinetic dynamometry at 120 deg/s appears to
be the fastest, yet most reliable form of measuring
strength. However, even at this velocity it does not
mimic functional speeds. More functional strength
measures such as the eccentric-concentric heelraise test may better mirror the required angular
velocities60 and can be used clinically by recording a
three-repetition maximum using weights equipment
such as a Smith machine. The eccentric-concentric
heel-raise test has also been validated in mid-portion
AT and is able to differentiate between participants

Table 4. Outcome measures assessing the neural and pain associated mechanisms
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Figure 2. Peak Ankle Angular Velocity during Functional Tasks.71-75,78

more painful and least/ non painful side (p=
0.001-0.006).60 Isokinetic dynamometry has also
only assessed plantar flexor strength in a straight
knee position which biases the gastrocnemius.76
To bias the soleus when assessing plantar flexion
with isokinetic dynamometry, the knee must be
flexed to greater than 45 degrees.77 However, it
should be stated that neither of these positions
eliminate the other plantar flexor muscles and
purely act to selectively bias towards one muscle.77
Further research is needed to determine relevant
contributions of the gastrocnemius or soleus in
explaining the mechanisms in improvement in pain
and function with mid-portion AT. An additional
barrier is that isokinetic dynamometry is expensive
and often not available in clinical settings. While
isokinetic dynamometry remains the gold standard,
the eccentric-concentric heel-raise test with its high
test-retest reliability and good validity represents a
more feasible clinical test.

following the commencement of the loading program
may highlight the neural contribution to strength19
whilst testing after this time likely includes the
contribution of muscular hypertrophy to strength.20

Given the immediate improvements in pain
and function observed in several interventional
studies,15,37 performing strength testing at multiple
time points may provide information around
different contributors to clinical improvement.
Though pain is more complex than this, if we
consider strength specifically, testing at four weeks

Power production
A systematic review demonstrated sensory and
motor deficits are present bilaterally in patients with
unilateral tendon pain and disability however, this
review only included one paper specifically on AT.24
Functional tasks including jumping and hopping are
often the most aggravating tasks in mid-portion AT60

Endurance
The heel-raise test for endurance has good reliability60
and given the simplicity of the test it represents the
best outcome measure for assessing plantar flexor
endurance in both research and clinical practice.
However, significant variability exists in how this
test can be performed and this may impact its utility
both clinically and in research.76 It is also important
to note that no differences were seen when using the
heel-raise test for endurance in participants with AT
between painful and non-painful/ least painful sides
(P=0.077).60 Further research into the reliability of
endurance based Isokinetic Dynamometry needs to
be performed before it can be recommended for use
in research or clinical practice.
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therefore choosing the appropriate measure to assess
this functional deficit is important for both clinicians
and researchers. In participants with AT, significant
unilateral differences during hopping were observed
when comparing the painful to the non-painful/ less
symptomatic limb; height (p=0.006), plyometric
quotient (p=0.001) and visual analogue scale (VAS)
pain score (p=0.000).60 Significant differences
were also seen during a one-legged drop CMJ task;
height (P=0.049), contact time (p=0.008) and VAS
pain score (p=0.001).60 However no significant
differences were seen with a normal CMJ; height
(p=0.665) and VAS pain score (p=0.012).60 Given
the significant differences between limbs, unilateral
functional tests are likely more sensitive to detecting
deficits in function than bilateral tests.
The single leg drop CMJ or hopping appear to be
the most appropriate measures of power production
given the high test- retest reliability they demonstrate
and that they correlate to deficits seen in people
with AT.60
For the one-legged drop CMJ and Hopping tests
reported by Silbernagel et al.60 a jump mat is required;
however, this is expensive. Recently smartphone
applications have been validated against jump mats
(p<0.001) and been shown to have excellent testretest reliability (ICC=0.997)79 and are more easily
accessible for both clinicians and researchers.
Tests of power production represent functional performance and improve due to a combination of muscular
and neural factors. These could be assessed as early
as four weeks as improvements in muscle strength
are potentially correlated to improvements in power
production which may be reflected by an increase in
the Victorian Institute of Sports Assessment-Achilles
(VISA-A). However, due to a test of power likely being
correlated to muscle strength and pain it is unlikely to
provide specific insight into mechanisms underpinning the improvement patients obtain with loading
programs. This distinction may or may not be important for the patient but improvement in functional
capacity may encourage rehabilitation adherence. It
would also be of great interest to the clinician and the
researcher who wish to assess which components or
deficits need to be addressed to optimise outcomes in
the clinic and in trials.

Tendon structure
Structure
Both UTC and MRI are not easily accessible
for researchers and clinicians. However, these
modalities are the most reliable investigations to
assess tendon structure and, unlike conventional
US, allow for quantification of tendon structure.
These measures have been correlated to symptoms
in some studies,11,14,65 however they have also been
shown to have a poor relationship to improvement
in others.15,42 Doppler US has also been shown
to have no correlation to patient symptoms or
improvement.16 Given improvements are seen on the
VISA-A as early as two weeks following the inception
of a loading protocol,15,37 determining whether
or not tendon structural adaptations correlate to
these improvements would require assessment
to be completed when the improvement in pain
and function is first seen. Radiological imaging for
tendon pathology is known to be highly assessor
dependant with poor inter-rater reliability.65 The
reliability of grading radiological imaging in tendon
pathology has also been demonstrated to be better
with more experienced radiologists.80 Given the
extent of variation due to different assessors the use
of previous reliability studies to justify a new trials
reliability should be discouraged and should always
be re-examined in an effort to reduce potential bias.
Follow up imaging is not indicated for clinicians
treating patients with loading protocols given the poor
access, reporting difficulties, patient compliance, and
cost. Specifically, differences in tendon structure on
imaging do not correlate to improvements in clinical
status and therefore are not recommended in the
management of mid-portion AT.16
Para-tendinous substances and
Tendon/paratenon microcirculation
Measures of para-tendinous substance and microcirculation are expensive and can be invasive, but
they may provide some insight into the mechanisms playing a role in tendinopathy. However, the
authors suggest this would be a research application
only due to cost and accessibility.
Neural and pain associated mechanisms
Central nervous system mechanisms modulating
pain have been shown to be important in chronic
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musculoskeletal pain conditions such as rheumatoid
arthritis, osteoarthritis and fibromyalgia,81 yet little
research using these outcomes has been performed
in AT. A recent systematic review demonstrated
nervous system sensitization in persistent
tendinopathy, however identified no Achilles tendon
studies and only one patellar tendon study out of 16
studies.25
Pressure pain thresholds have been used to assess
peripheral and central sensitization,82 however PPTs
have also been reported as a potentially poor marker
of central and peripheral sensitivity.83 Given the
conflicting evidence it is unclear as to how much
useful insight PPTs offer into the mechanisms
underlying the improvements patients report with
loading programs. However, since PPTs have been
assessed using manual algometers in one clinical trial
and have been shown to have excellent reliability
they represent the best (currently available) measure
to assess mechanosensitivity of the Achilles tendon.
No clinical trials of loading programs in mid-portion
AT have investigated the contribution of different
CNS driven mechanisms involved in modulating
pain. Three cross sectional studies of patients with
AT have identified alterations in 1) endogenous
analgesia,68 2) fear of movement8 and 3) altered tactile
acuity (as a suggested reflection of somatosensory
cortical reorganisation).84
Endogenous analgesia is typically assessed via the
conditioned pain modulation paradigm (CPM).
Endogenous analgesia measured via the CPM effect is
a centrally driven mechanism that modulates pain.85
Briefly, this requires measurement of the PPT of the
Achilles tendon before and during/ after a painful
stimulus (e.g. immersion of the participant’s hand
in cold water) is applied in a remote area from the
painful site.68 The change in the PPT is known as the
CPM effect and a reduction in mechanosensitivity
during/ after the painful conditioning stimulus is
regarded as normal.68 One study has demonstrated
people with mid-portion AT have deficient CPM
compared with controls68 suggesting that further
investigation into the role this may play in people
with mid-substance AT is needed. However, the
pain map provided in this study included people
with heel and posterior ankle pain beyond what is

currently considered diagnostic of mid-portion AT5
leading to considerable heterogeneity of the group
and likely involving other differential diagnoses.
‘Fear of movement’ or kinesiophobia is a centrally
driven mechanism which may result in restriction
of activity and has been shown to be predictive of
long term disability in persistent pain conditions,
such as chronic low back pain.86 The Tampa scale
of Kinesiophobia is one way of measuring fear of
movement and has been shown to be have moderate
to good test-retest reliability (r=0.64-0.80).69
However, it has only been used in long term follow
up of patients with AT and not at baseline8 so it is not
possible to make inferences on its prognostic value
and therefore future prospective studies quantifying
its role in mid-portion AT are needed.
Impaired tactile acuity is theorised to reflect many
mechanisms, including altered cortical representation
of the painful region.87 A systematic review of 16
studies found that tactile acuity is impaired in
persistent pain conditions such as arthritis, complex
regional pain syndrome and chronic lower back
pain.87 Recently, tactile acuity has been shown to
be impaired in mid-portion AT when compared to
the unaffected limb and healthy controls.84 Further
research is needed to investigate whether alterations
in tactile acuity contribute to initiation of the pain
experience or are a consequence of it. Given that
no investigations of CNS-driven mechanisms of
pain modulation, such as the CPM effect or fear
of movement, have been completed with loading
protocols in mid-portion AT, future investigations
should determine if differences occur with loading
protocols and what the most optimal timeframes are
to assess these differences.
Pressure pain thresholds and the CPM effect can be
difficult to assess clinically and therefore may only
be plausible for researchers. For clinicians, clinical
tools to examine of fear of movement may provide
insight into the role of CNS driven mechanisms that
modulate pain.
LIMITATIONS
The reliability of the tests used to assess muscle
structure and function, tendon structure and neural
and pain associated mechanisms have been reported
for the selected outcome measures in most studies.
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However, a small proportion of assessments used
did not have the reliability assessed in a mid-portion
AT population. It is unclear whether the reliability
of these tests needs to be assessed in this population to remain a valid measure. It is also possible
that as a measure of structure and function the tests
remain valid across heterogenous populations but as
this cannot be certain it may introduce bias.
CONCLUSION
Many different outcome measures have been used to
assess muscular adaptations, tendon adaptations and
neural and pain associated mechanisms in clinical
trials treating mid-portion AT with loading protocols.
Isokinetic dynamometry at 120 deg/s and eccentricconcentric heel-raise tests are the suggested best
measures of plantar flexor muscle strength, US is
capable of measuring muscle architectural properties and the single leg drop CMJ or hopping are the
best measures of power production. UTC or MRI
are acknowledged as the best ways with which to
classify tendon structure and tendon signal. However, given the lack of relationship between tendon
structural change and symptoms they are not recommended for clinical use. Endogenous analgesia
assessed via the CPM paradigm may be completed
simply using a tonic stimulus (such as cold-water
immersion) with PPT assessed via manual algometry pre and post application of this tonic stimulus.
It is important for clinicians and researchers to be
aware of the outcome measures that have been used
as well as the reliability of these measures. By identifying consistent measures that are available to both
clinicians and researchers we may be able to gain
further insight into the mechanisms responsible for
improving pain and function in mid-portion AT.
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ABSTRACT
Chronic ankle instability (CAI) is a common dysfunctional state in the basketball population accompanied
by pain, weakness and proprioceptive deficits which greatly affect performance. Research evidence has
supported the use of blood flow restriction (BFR) training as an effective treatment strategy for improving
muscle strength, hypertrophy and function following injury in a variety of patient populations. In managing CAI, it is important to address proximal and distal muscle weakness, pain, and altered proprioception
to reduce the likelihood of re-occurring ankle injury. The ability to mitigate acute and cumulative strength
and muscle volume losses through the integration of BFR after injury has been supported in research literature. In addition, applications of BFR training for modulating pain, improving muscle activation and
proximal muscle strength have recently been suggested and may provide potential benefit for athletes with
CAI. The purpose of this clinical commentary is to discuss background evidence supporting the implementation of blood flow restriction training and use a theoretical model for managing CAI as well as to suggest
novel treatment strategies using this method.
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BACKGROUND AND PURPOSE
Chronic ankle instability (CAI) consists of characteristic sequelae including recurrent sprain, pain,
instability and avoidance of activities1 and is typically defined as mechanical or functional instability.2 Mechanical instability is anatomical laxity in
the stabilizing structures around the ankle mortise
where functional instability is a subjective feeling of
giving away despite the lack of displacement beyond
the normal physiological range of talar motion.3 It
can be a particularly debilitating condition in the
athletic population, with an associated high risk for
re-injury.4,5,6 Time loss from sport due to this injury
is typically associated with increased pain and crepitus as well as decreased strength, proprioception,
range of motion and balance.7,8 Multiple proprioceptive impairments have been linked to persistent
functional instability including altered muscle spindle activation of the peroneal musculature, abnormal reflex responses to inversion or supination and
proximal kinetic chain deficits as exhibited by presence of neural inhibition and associated weakness
in the hip abductors.9,10,11 Furthermore, deficits in
postural control and ankle arthro-kinematic motion
quality were identified in athletes with CAI using
accelerometry.12 Repeat episodes of ankle sprains
commonly occur in CAI and appear to further exacerbate instability, associated functional deficits and
the ability to maintain a competitive status.5

articular changes and chondral lesions within the
ankle joint which can manifest as chronic pain.14
The combination of altered somatosensory afferent
signaling and efferent motor control deficits resulting from ankle ligament sprains negatively affects
the ability to produce desired protective motor
responses in the event of an inversion mechanism.15
The resulting injury pathology then can further
exacerbate faulty mechanical patterns and subsequent pain presentation associated with repetitive
injury and articular changes.15
Muscle inhibition which occurs following an ankle
sprain has been documented.8 Perron et al. have
found that significant strength deficits exist up to six
months following injury and may contribute to the
high recurrence of lateral ankle sprain.16 Furthermore, increased resting motor thresholds have been
demonstrated in the peroneus longus muscle, bilaterally, in subjects with CAI.17 This would indicate
deficits in corticomotor excitability of the peroneus
longus to control subsequent inversion mechanisms
which may result in re-injury.17 Decreased corticomotor excitability was also moderately correlated
to self-reported function which would indicate that
subjects’ perceptions of functional limitations likely
manifests in resulting neuromuscular deficits and
poor motor control.17

The multidirectional and repetitive movement
aspects associated with the sport of basketball can
predispose these athletes to ankle injuries. While
jump landing has been identified as the most common mechanism of injury in this population, change
of direction, cutting and pivoting movements also
contribute to injury occurrence.5 Over half of total
time missed due to injury in this population has
been attributed to ankle injury.13 Both elite and recreational basketball players of both genders with a
previous ankle injury have also been identified as
being at 4.9 times greater risk for subsequent ankle
injury.5 Therefore, it appears that CAI leads to significant time lost in sport and previous injury can
result in greater re-injury risk.

Altered neuromuscular recruitment and motor control patterns are not strictly isolated to the ankle joint
in presentations of CAI. Proximal muscle weakness
can contribute to functional deficits which persist
following an ankle sprain.9 In particular, weakness
of the gluteal musculature can contribute to altered
landing mechanics as a result of poor shock absorption and decreased force attenuation throughout the
lower quarter.18 In the case of basketball athletes,
landing has been identified as a common mechanism of injury for ankle sprains so failing to address
these limitations is problematic.5 Therefore, it is
important to focus on the entire kinetic chain during the rehabilitation process with strategies which
effectively address these underlying neuromechanical deficiencies and altered movement patterns.

Increased pain associated with CAI greatly affects
a basketball athlete’s ability to return to sport and
perform at an elite level. CAI typically presents with
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use a theoretical model for managing chronic ankle
instability in the basketball athlete to suggest novel
treatment strategies using this method.
DESCRIPTION OF TOPIC: THEORETICAL
APPLICATIONS FOR CAI
The inability to utilize loads sufficient to induce
strength and hypertrophy responses after ankle
injury due to pain or healing processes may limit
rehabilitation progression. Recently, blood flow
restriction (BFR) training has emerged as a novel
treatment technique due to its ability to create robust
muscle anabolic responses similar to high load training while utilizing very low loads.19 BFR has shown
to be an effective treatment strategy for diminishing disuse atrophy and weakness during periods of
immobilization as well as increasing strength and
hypertrophy in post-op patient populations.20,21,22
Additionally, BFR has been shown to enhance function in blast trauma patients and injured military personnel23 as well as improve performance outcomes
as part of a comprehensive strength and conditioning program in the high-performance athlete.24,25
American College of Sports Medicine guidelines recommend utilization of 60-80% of a one rep max (1
RM) load targeting major muscle groups 2-3 days per
week in order to achieve strength and hypertrophy
gains from resistance training.26 However, similar
gains utilizing BFR have been shown within a twoweek training period at loads of much lower intensity
(20-30% 1 RM).27,28 Although the exact mechanism
is not fully understood, increased muscular fatigue
under hypoxia, cellular swelling and upregulation of
muscle protein synthesis via mammalian target of
rapamycin complex 1 and mitogen-activated protein
kinases (MTORC1/MAPK) which are responsible for
protein synthesis and cell signaling, have been suggested to play a role.29,30,31 While most of these aforementioned studies focused on the lower extremity
in general and post-operative conditions, currently
no studies examining the utilization of BFR with CAI
have been published.
Chronic Pain Management
Chronic pain which results from CAI can be debilitating if not properly managed. Recently published
clinical trials that have assessed pain have reported
significant reductions in pain if BFR is incorporated

into the intervention. Giles at al found that, when
compared to standard quadriceps strengthening, low
load exercise with BFR greatly reduced pain in daily
living in subjects with patellofemoral pain (PFP)
following an eight-week program.32 The conceptual
understanding for these changes is that subjects
were able to improve quadriceps muscle strength
with BFR while tolerating loads lower than those
required to make similar gains utilizing traditional
quadriceps strengthening activities.32 Given the
association of quadriceps muscle weakness and PFP
and the increases of knee extensor torque with significantly decreased reported pain in this BFR study
group, it has been hypothesized that BFR training
can potentially modulate pain through central and
neural adaptations which influence strength gains.32
Additionally, subjects with anterior knee pain demonstrated an acute reduction in pain immediately
after BFR resisted quad exercises up to 45 minutes
post treatment.33 Although, mechanisms behind
a potential reduction in pain through the application of BFR have not been elucidated, intensity of
exercise may play a role in the endogenous opioid
response.34 Despite BFR being performed under low
loads, when performed under continuous occlusion (ie..no deflation cycles during rest periods), the
metabolic stress produced in the working muscle is
similar to exercise at much higher loads.35 This may
allow patients in the early stages of rehabilitation
or with chronic painful injuries to promote cortical
release of opioids to allow for tolerance of rehabilitation programs. Although not directly related to pain
inhibition, increases in corticomotor excitability
have been demonstrated for up to 60-minutes post
continuous BFR exercise possibly due to altered sensory feedback via group III and IV afferents.36 Future
BFR studies are warranted that assess pain in clinical
populations and the peripheral and central mechanisms of pain modulation that may be involved.
Muscle Inhibition
The work by Brandner et al. provides promise as to
the applications of BFR as a potential neuromodulator.36 Following an acute bout of upper extremity
exercise utilizing BFR, corticomotor excitability of
the biceps brachii rapidly increased and remained
elevated for up to 60 minutes post exercise.36 It
is theorized that these adaptations result from
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increased excitability of corticospinal circuits which
results in long-lasting adaptations similar to those
which occur following heavy-load resistance training.36 Further research evidence is needed to suggest
whether utilization of BFR can potentially improve
motor recruitment and neural excitability of inhibited or weak musculature following injury, such as
CAI as addressed conceptually in this commentary.
Kinetic Chain Considerations and Proximal
Strengthening
BFR training would appear to be an effective treatment strategy that can be implemented to improve
proximal muscle strength. Abe et al. found significant increases in gluteal muscle strength and hypertrophy following a two-week BFR program compared
to a control group, implementing BFR with exercises that included the low load squat and leg curl.37
Despite distal occlusion, proximal gains may result
from fatigue of musculature below the cuff requiring
more recruitment of synergistic proximal muscles,
a backflow effect into musculature above the area
of restriction or a potential systemic effect secondary to the anabolic cascade created by BFR.38,39,40,41
Potential benefits of proximal effects from this training strategy may allow safe implementation during
both early rehabilitation and return to sport specific
exercises which challenge proprioception and balance to incorporate proximal and distal effects.
DISCUSSION: CLINICAL INTEGRATION
With a comprehensive understanding of the research
evidence behind BFR training, one can then attempt
to translate this information into applied clinical
practice. Loenneke et al. proposed a clinical integration model which advocates for utilization of BFR
throughout various phases of injury rehabilitation.42
The four proposed phases of BFR implementation
include: 1) BFR alone during periods of bed rest, 2)
BFR combined with low-workload walking exercise,
3) BFR combined with low-load resistance exercise,
and 4) low-load BFR training combined with traditional high-load resistance exercise.42 In cases of prolonged immobilization or restricted weightbearing
where BFR walking may not be appropriate, low-load,
resisted, open kinetic chain exercises, such as ankle
ROM, leg lift (Figure 1) and bridge variations may
be used safely and effectively with implementation

Figure 1. Open kinetic chain leg lift variation for hip muscle
strengthening with BFR (Delﬁ Medical Innovations Inc. Vancouver, BC Canada).

of BFR (Table 1) to attenuate muscle atrophy and
weakness commonly associated with disuse.20,21 For
optimal motor control in these early stages of rehab,
it is important integrate external focus of attention strategies which have been shown to increase
muscle excitability.43,44 These strategies may include
use of a metronome for repetition pacing or biofeedback, especially during exercises which actively
recruit the peroneal and gluteal muscles which have
been identified as commonly inhibited and weakened muscle groups in CAI.9,17,43,44
The proprioceptive, balance and motor control deficits
associated with CAI have been well documented.8,15,17
Exercises which challenge the proprioceptive system
on both stable and unstable surfaces with altered
visual and somatosensory feedback have been effective for reducing the recurrence of ankle sprains.45
Examples would include single leg static balance on
an unstable surface, multidirectional weight shifting
activities and reactive drills (Figures 2 and 3). These
exercises can target basketball specific demands by
integrating passing (Figure 3), ballhandling and reactive movement drills utilizing verbal or visual cues,
with resources such as a light reactive system (Figure 2) or a laser pointer, in order to emphasize an
external focus of attention. Exercise progressions
would include band-resisted movements replicating
basketball specific patterns such as jab steps, close
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Table 1. Integration of BFR with Rehabilitation for Ankle Instability.

Figure 2. BFR static single leg balance on unstable surface
with integration of light system (Dynavision D2 -Dynavision International, LLC West Chester Township, OH; Delﬁ
Medical Innovations Inc. Vancouver, BC Canada)

Figure 3. BFR single leg stability with reactive passing component (BOSU® Ashland, OH; Delﬁ Medical Innovations Inc.
Vancouver, BC Canada).
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Figure 4. BFR band resisted drop step squat (Delﬁ Medical
Innovations Inc. Vancouver, BC Canada).

out steps, drop step squats and lateral slides (Figure
4). These exercises can be safely integrated with BFR
training to further enhance proximal strengthening
and neuromuscular control (Table 1).
BFR training can both complement and enhance
the conditioning aspects of a return to play rehab
program. A BFR treadmill walking protocol, performed six days per week for two weeks, resulted in
significant improvements in maximal aerobic capacity, maximal ventilation and anaerobic capacity in
male collegiate basketball athletes.46 The protocol
consisted of five periods of three-minute working
sets at 4-6 km/h and 5% grade with 60 second interset rest.46 Similar findings occurred, in addition to
increased size and strength of the leg muscles, following both BFR cycling and low-intensity walking
programs.47,48 This indicates that, when utilized as
part of a non-impact conditioning program, BFR
training can improve overall cardiovascular fitness
when combined with aerobic activity. This is especially important during rehab phases where limitations in mobility and dynamic loading do not permit
the athlete to run or perform on-court conditioning
activities. Athletes with CAI who sustain recurrent
ankle injuries would likely benefit from such a program during periods when dynamic loading activities are limited in order to promote tissue healing
and recovery from acute injury.

As the athlete progresses back into sport specific
activities, BFR training can still play an integral role
in developing strength and performance attributes
when combined with a traditional strength and conditioning program. Implementation of BFR would
follow a high load-low load model whereas BFR
exercises would be implemented intra-session in a
low-load strategy following traditional high load resistance exercises to enhance hormonal responses and
strengthening benefits following the session.49 An
example as it applies to the lower extremity would be
completing modified bodyweight squats or leg press
exercise at 20% maximal load utilizing BFR at the end
of a lifting session which consisted of near maximal
(80% max) squat and deadlift exercises. This strategy
would be especially beneficial in transferring BFR
training adaptations which occurred during the rehab
process over to individualized strength and conditioning programs that are implemented upon return to
play in athletes with CAI. Lastly, nutritional considerations must be addressed in the rehabilitating an
athlete using BFR as part of a comprehensive performance enhancement program. Due to the increased
protein synthesis response following BFR training, it
is important the athlete consume 20-35 grams of protein post-activity for muscle tissue healing and recovery.50 Whey protein is preferred due to both its rapid
digestion and absorption as well as greater leucine
content which further enhances protein synthesis.50
SAFETY CONSIDERATIONS
Safety is of paramount concern when considering
rehabilitation programs for injured individuals. BFR
utilizes non-traditional methods of building strength
and inducing muscle hypertrophy, so reasonable
vigilance is required of rehabilitation professionals
to maintain safety.
In the instance of tourniquet systems, research on
safety and efficacy has consistently been monitored with technological advancements.51,52,53 In
the surgical environment, tourniquets are applied
for upwards of several hours at a time to provide a
bloodless operating field.51 Generally, it is suggested
that tourniquet time is minimized as much as possible during surgeries such as total knee arthroplasty (TKA) to mitigate risks such as deep vein
thrombosis (DVT), wound infection, hematoma, and
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ecchymosis.53 Similar risks can be expected during
BFR training as with the use of tourniquet devices
including pneumatic cuffs and straps. However, at
lower levels of constriction and reduced tourniquet
time, these risks are likely minimal.
Research on safety during BFR and exercise is currently limited, however several measures have
been examined with regard to outcomes of exercise
with BFR training versus regular exercise. A recent
review by Loenneke and colleagues examined
peripheral blood flow hemodynamics with BFR and
determined that changes in blood flow appear to
occur in a “similar fashion as regular exercise”.54 Furthermore, Lida et al observed certain central cardiovascular responses to BFR and found that subjects
exhibit elevated cardiac markers (blood pressures,
heart rate) in occlusive protocols compared to control groups.55 However, these values are still far less
than those performing high intensity exercise, and
low-intensity exercise (20% 1RM) with occlusion
may be a safe alternative.55
The potential for thrombosis and clotting can be a
serious risk when considering patients in a rehabilitative state. Complete vascular occlusion can be experienced with strenuous, high-intensity exercise with
tourniquets and has been shown to increase the formation of thrombus.56 However, reported issues of
thrombosis with BFR are as little as 0.06% in some
studies.57 Others have found that neither prothrombin
time (PT) nor D-dimer levels increased following BFR
training.58 This may be due to the fact that occlusion
levels during most researched BFR protocols do not
promote maximal occlusion, given that the device has
a means of pressure regulation. suggesting cuff pressures be relative to cuff width and limb circumference
to protect the neurovasculature of the extremity.54,59,
60
Nerve conduction velocity (NCV) can be affected
significantly by tourniquet pressure, giving rise to further research into electrophysiological changes during BFR.61 The use of wide tourniquets significantly
reduces pressures needed for vascular occlusion and
has been recommended in clinical settings.62 Additionally, personalized BFR utilizes Doppler technologies
to individualize tourniquet pressures for each patient,
providing further safety benefit.63
Ultimately, further investigation into BFR protocols
and their safety is warranted. However, most protocols

have demonstrated positive efficacy and good safety
with very few ill effects. Under skilled supervision
and with appropriate equipment, BFR can be used as
a safe alternative to traditional high-intensity exercise
to develop strength and muscular hypertrophy.
SUMMARY
BFR training could theoretically be safely and
effectively implemented as part of a rehabilitation
program addressing deficits associated with CAI.
Benefits of BFR training include minimizing muscle weakness and atrophy associated with the acute
phase of injury, potentially modulating pain related
to injury conditions, facilitating tissue healing and
enhancing muscle hypertrophy and strength gains
when combined with low load exercise. Evidence
also suggests that BFR training can enhance both
aerobic and anaerobic properties when integrated as
part of a cycling or walking protocol. These strategies
and suggestions provided in this commentary could
be especially helpful in cases of CAI where recurrent
injury due to both local and proximal weakness, pain,
and both decreased proprioception and function contribute to periods of low loading or limited sports specific activities during rehab where tissue healing and
recovery is prioritized. Safety of the athlete should be
prioritized through utilization of appropriate medical
devices by trained medical personnel.
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