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SYSTEMATIC REVIEW

THE RELIABILITY OF THE STAR EXCURSION BALANCE
TEST AND LOWER QUARTER Y-BALANCE TEST IN
HEALTHY ADULTS: A SYSTEMATIC REVIEW
Cameron J. Powden, PhD, LAT, ATC1
Teralyn K. Dodds, DAT, LAT, ATC2
Emily H. Gabriel, PhD, LAT, ATC3

ABSTRACT
Background: Dynamic balance is often an important criterion used during lower extremity musculoskeletal injury prediction, prevention, and rehabilitation processes. Methods to assess lower extremity dynamic balance include the Star Excursion Balance Test (SEBT) and Lower Quarter Y-Balance Test (YBT). Due to the importance of dynamic balance it is imperative
to establish reliable quantification techniques.
Purpose: To conduct a systematic review to assess the reliability and responsiveness of the SEBT/YBT.
Study Design: Systematic Review.
Methods: Electronic databases (PubMed, MEDLINE, CINAHL, and SPORTDiscus) were searched from inception to August
2018. Included studies examined the intra- and inter-rater reliability of the SEBT/YBT in healthy adults. Two investigators
independently assessed methodological quality, level of evidence and strength of recommendation with the Qualtiy
Appraisal of Reliability Studies (QAREL) scale. Relative intra and inter-rater reliability was examined through intraclass correlation coefficients (ICC) and responsiveness was evaluated through minimal detectable change (MDC). Data was analyzed
based on reach direction (Anterior, Posteromedial, and Posterolateral) and normalization (normalized and non-normalized).
Additionally, data were then synthesized using the strength of recommendation taxonomy to provide a grade of
recommendation.
Results: A total of nine studies were included in this review. Six studies examined the inter-rater reliability and seven
assessed intra-rater reliability. The included studies had a median QAREL score of 66.89% (range = 55.56% to 75.00%) and
59.03% (range = 33.33 to 66.67%) for inter and intra-rater reliability respectively. Median ICC values for inter-rater reliability were 0.88 (Range = 0.83 – 0.96), 0.87 (range = 0.80 – 1.00), and 0.88 (range = 0.73 – 1.00) for the anterior, posteromedial, and posterolateral directions respectively. Median ICC values for intra-rater reliability were 0.88 (Range = 0.84 – 0.93),
0.88 (Range = 0.85 – 0.94), and 0.90 (Range = 0.68 – 0.94) for the anterior, posteromedial, and posterolateral directions,
respectively.
Conclusions: There is grade A evidence to support that the SEBT/YBT have excellent inter and intra-rater reliability when
used in healthy adults. Furthermore, minimal detectable change values have been provided that can be used in practice to
aid clinical decision making. Future research is needed to assess the reliability, responsiveness, and validity of the SEBT/
YBT in pathologic populations.
Level of Evidence: 1a
Keywords: Dynamic balance, intra-rater reliability, inter-rater reliability, test-retest reliability, movement system

1

Department of Athletic Training, University of Indianapolis,
Indianapolis, IN, USA
2
Department of Applied Medicine and Rehabilitation, Indiana
State University, Terra Haute, IN, USA
3
Department of Athletic Training, Mercer University, Macon,
GA, USA
Conﬂict of Interest Statement: The authors have no conﬂicts
of interest to disclose.

CORRESPONDING AUTHOR
Cameron J. Powden, PhD, LAT, ATC
Department of Athletic Training
University of Indianapolis
1400 Hanna Ave
Indianapolis, IN, 46227
Phone: (317) 788-2516
E-mail: powdenc@uindy.edu

The International Journal of Sports Physical Therapy | Volume 14, Number 5 | October 2019 | Page 683
DOI: 10.26603/ijspt20190683

INTRODUCTION
It is estimated that approximately three to five million sport related injuries occur each year and primarily occur within the lower extremity.1,2 These
injuries result in significant time loss, medical
costs, and often long term consequences such as an
increased risk of osteoarthritis when joint trauma
has occurred.3 Due to the prevalence and burden of
lower extremity injuries, it is imperative to develop
screening tools to identify those at risk of injury
and implement proper preventative interventions.
Effective injury screening tools and subsequent
preventative strategies can ultimately reduce the
incidence of injuries, time loss from participation,
and healthcare costs associated with the short and
long-term treatment of these injuries.4,5 Dynamic
balance is thought to be essential for those participating in physical activity.6,7 Therefore, deficits in
balance have been widely investigated as a predictor
of lower extremity injury.6-8 Furthermore, dynamic
balance is regularly used during the rehabilitation
process to track progress and make return to play
decisions.8,9 The established clinical importance of
dynamic balance for injury prediction, prevention,
and decision making necessitates the establishment
of reliable measurement tools.
The Star Excursion Balance Test (SEBT) and lower
quarter Y-Balance Test (YBT) are two of the most
prominent tools in the literature to measure dynamic
balance of the lower extremity.10 The SEBT began as
a star comprised of four lines, all crossing at the same
center point.11 To complete the test, an individual
stands at the center of the star then reaches with the
contralateral leg as far as possible along one of the
eight reach directions, while maintaining single leg
squat stance.11 The distance reached is measured in
centimeters and typically normalized to the participant’s height or leg length to quantify dynamic balance; however it can also be completed without leg
length normalization.11 In its current form, the SEBT
has been reduced to three directions due to redundancy (Figure 1).12 Additionally, an instrumented
version, the YBT, was created with the intention to
improve the reliability and uniformity of administration of the test.13 Similar to the SEBT, the YBT
consists of three reach directions (anterior, posteromedial, posterolateral) which require participants to

Figure 1. Star-Excursion Balance Test and Y-Balance Test
Examples, A) Setup, B) Anterior Reach (ANT), C) Posterolateral Reach (PL), D) Posteromedial Reach (PM).

move in similar patterns (Figure 1). Although the
movements necessary for both tests are similar,
research has indicated the anterior reach distances
have been different when comparing the two tests. 13
Therefore, the two instruments may not be directly
comparable. Clinicians and researchers commonly
use the SEBT and YBT to assess dynamic balance,
track changes in performance after the introduction
of an injury prevention or rehabilitation program,
and to identify those that may be at a heightened
risk of injury.8,14,15
With the SEBT and YBT commonly being used to
assess dynamic balance, ensuring consistency is
essential for clinical decision-making. Currently,
there have been a variety of SEBT and YBT methodologies evaluated in the literature to assess the
reliability of these tests.16-22 Although there are several reliability studies, it is challenging to draw conclusions from the literature because of the varied
assessment techniques and lack of evidence consolidation. Therefore, the purpose of this systematic
review was to collect, critically appraise, and synthesize the published evidence describing the interrater and intra-rater reliability of the SEBT and YBT
to measure dynamic balance in healthy adults.
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METHODS
Search Strategy
The PRISMA guidelines were followed to conduct a
systematic search of the literature to identify studies
assessing intra-rater and/or inter-rater reliability of
the SEBT and YBT as well as report those findings. 23
Electronic databases were searched using combinations of key words related to the SEBT and/or YBT
and reliability (Table 1). Boolean operators “OR” and
“AND” were employed to combine search terms.
The Boolean phrase and systematic search was
derived and completed by investigators (CJP, TKD).
The databases PubMed and EBSCO Host (CINHAL,
MEDLINE, SportDiscus) were searched from inception through August 2018. Furthermore, the search
was limited to full-text manuscripts written in English, which used human participants.
Eligibility Criteria
Investigators (CJP, TKD) reviewed identified studies
against eligibility criteria. Studies were screened for
eligibility based on the criteria below. Initially, potential eligibility was determined by titles and abstracts.
In cases in which eligibility was uncertain, the full
text of the manuscript was reviewed for inclusion.
Inclusion Criteria
The following inclusion criteria were used to select
and screen studies for inclusion:

• Study purpose: Studies were included if the primary aim was to evaluate the intra-rater and or
inter-rater reliability of the SEBT and or YBT.
• Type of participants: Studies on adult (≥18 years
of age) human participants were included. No
restrictions were made in regards to health status
of the participants.
• Type of outcome measures: SEBT and or YBT.
Composite scores in the directions of Anterior
(Ant), Posteromedial (PM), and Posterolateral
(PL) were included for the review.
• Only peer reviewed, full text studies were included
for the review.
Exclusion Criteria
The following exclusion criteria were used to screen
studies for inclusion:
• Studies that did not evaluate reliability using intraclass correlation coefficients (ICCs) or provide the
data needed to calculate this statistic.
• Studies which included participants that were
under the age of eighteen.
• Studies not published in English.
• Studies that did not use the SEBT or YBT to assess
dynamic balance in the lower extremity

Table 1. Search Strategy, Keywords, and Search Terms Used.
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Data Extraction
Two reviewers (CJP, TKD) extracted data during the
primary review. The extracted data included: study
design, aims, population demographics, clinician
demographics, methodology of the SEBT and YBT,
reliability outcomes, statistical evaluations, and
limitations. Discussion and the use of another independent reviewer (EHG) was used to resolve any
discrepancies in interpretation if needed.
Assessing Quality of Studies
The methodological quality of the included studies
was assessed using the Quality Appraisal of Reliability Studies (QAREL) scale. The QAREL is specifically
designed for reliability studies and evaluates statistical methods as well as internal and external validity.24,25 The QAREL consists of an 11-item checklist,
all 11 items are weighted equally and scored using
Yes, No, Unclear, or N/A in accordance with scoring
guidelines.24,25 Included studies were considered to
be of high quality if ≥60% of the checklist items were
assigned as Yes.24,25 Initially, two reviewers (CJP,
TKD) scored the selected studies independently.
Reviewers then met to develop a consensus for each
study. Any disagreements that could not be brought
to consensus through discussions were resolved
using a third reviewer (EHG). Percent agreement
was calculated to determine the initial agreement
between the reviewers for each QAREL item.
Data Analysis and Synthesis
Inter and intra-rater reliability of the SEBT and YBT
were assessed using separate analyses of the anterior,
posteromedial, and posterolateral directions. Studies
could be included in both or one analysis based on
the data presented. Relative reliability was evaluated
through calculated or reported Interclass Correlation Coefficients (ICC) for both the inter-rater and
intra-rater analyses. The confidence interval at 95%
around the ICC was included when reported. Interclass Correlation Coefficients were interpreted in
this manner: poor=0.00-0.25, fair=0.26-0.50, moderate=0.51-0.75, and good=0.76-1.00 reliability.26
Standard error of measurement (SEM), a measure of
measurement dispersion around a “true” score,26 was
used to examine absolute reliability. In cases where
the SEM was not reported, it was calculated using the
standard deviation and the square root of one minus

the ICC if the required data was reported (SEM =
SD*√1-ICC).26 Furthermore, minimal detectable
change (MDC) was used to determine the amount of
change needed to exceed measurement error at the
95% confidence level. In instances where the MDC
was not reported or it was reported at a level of confidence other than 95%, the investigators calculated
it if possible (MDC = SEM*√2*1.96). Descriptive
analysis, through the use of mean, median, standard
error, minimum, maximum, and z-skewness, were
used to synthesize the ICC and MDC values from
included studies (SPSS software, version 32.0; IBM
Corporation, Armonk, NY).
Level of Evidence and Grade of
Recommendation
Data were then synthesized using the strength of recommendation taxonomy (SORT). The SORT method
allows for the assessment of individual study level
of evidence and a grade of recommendation based
on quality, quantity, and consistency of the body of
literature.27 Individual studies were categorized into
Level 1, 2, and 3 evidence based on the quality of the
study.27 An A-level recommendation is determined
based on good quality patient-oriented evidence.27 A
B-level recommendation is based on limited-quality
patient-oriented evidence.27 A C-level recommendation is determined based on consensus, usual practice, opinion, and disease-oriented evidence.27
Sensitivity Analysis
The effect of quality criteria on the assumptions of
level of evidence for high quality studies (≥ 60%)
was tested by subjecting the criteria to changes
of ± 10% and determining the subsequent level
of evidence change. Separate sensitivity analyses
were conducted for intra- and inter-rater reliability for each direction (anterior, posteromedial, and
posterolateral).
RESULTS
Literature Search
Figure 2 displays a diagram outlining the results of
the search and study review process. A total of 93
studies were retrieved from electronic and hand
searches. Of those, nine studies were identified as
meeting the selection criteria. Eight studies were
identified through electronic search.16-20,22,28,29 One
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Figure 2. Flow Chart of Literature Review.

study was identified through hand search.2 Six studies examined inter-rater reliability.16,19-22,28 Seven
studies examined intra-rater reliability.19-22,24,30,31
General Characteristics
The study characteristics of included studies are
displayed in Table 2. All studies included participants free of lower extremity injury. Seven studies16-18,21,22,28,29 quantified the SEBT using a tape
measure and measurements in centimeters. Two
studies19,20 quantified the SEBT using the YBT instrumented kit and measured in centimeters.
Inter-rater Studies. Excellent inter-rater reliability
was demonstrated within each investigation regardless of use of SEBT or YBT or quantiﬁcation technique (normalized or non-normalized). Table 5 and
6 illustrate the mean, median, minimum, maximum,

standard error, and z-skewness of ICC and MDC values for both quantiﬁcation techniques and each
reach direction. Anterior reach inter-rater reliability
had a median ICC of 0.88 (Range = 0.83 – 0.96). Posteromedial reach inter-rater reliability had a median
ICC of 0.87 (range = 0.80 – 1.00). Posterolateral
reach inter-rater reliability had a median ICC of 0.88
(range = 0.73 – 1.00).
Intra-rater Studies. Excellent intra-rater reliability
was demonstrated within each investigation regardless of use of SEBT or YBT or quantiﬁcation technique (normalized or non-normalized). Table 4 illustrates the mean, median, minimum, maximum
standard error, and z-skewness of ICC and MDC values for both quantiﬁcation techniques and each
reach direction. Anterior reach intra-rater reliability
had an overall median ICC of 0.88 (Range = 0.84
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Table 2. Characteristics of Included Studies.

– 0.93). Posteromedial reach intra-rater reliability
had an overall median ICC of 0.88 (Range = 0.85 –
0.94). Posterolateral reach intra-rater reliability had
an overall median ICC of 0.90 (Range = 0.68
– 0.94).
Methodological Quality
The two reviewers (CJP, TKD) agreed on 109/110
(99%) items on the QAREL checklist. The one difference in QAREL score was resolved by discussion
between the reviewers.
Inter-rater Studies. There were a total of four high
quality studies19-22 and two low quality studies.16,28
Quality appraisal tool for studies of diagnostic reliability scores for the inter-rater reliability studies
ranged from 55.56% to 75.00% with a median of
66.69%. The internal validity portion of the scale
ranged from 0% to 50% with a median of 40%.

Primarily, the included studies suffered from a lack
of blinding of the raters to their own ﬁndings, others, and additional cues as well as a lack of testing
order variation. The external validity portion of the
scale ranged from 66.67% to 100.00% with a median
of 100.00%.
Intra-rater Studies. There were a total of three high
quality studies18,19,21 and four low quality studies.16,17,28,29 Quality appraisal tool for studies of diagnostic reliability scores for the intra-rater reliability
studies ranged from 33.33% to 66.67% with a median
of 59.03%. Primarily, the included studies suffered
from a lack of blinding of the raters to their own ﬁndings, others, and additional cues as well as a lack of
testing order variation. The internal validity portion
of the scale ranged from 0% to 50% with a median of
40%. The external validity portion of the scale ranged
from 66.67% to 100% with a median of 66.67%.
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Table 3. Quality Analysis of Reliability Studies Using the Quality Appraisal of Reliability Studies Tool.

Table 4. Pooled Intraclass Correlation Coefﬁcients (ICC) and Minimal Detectable Change (MDC).

Level of Evidence
Inter-rater reliability. The results of this review indicate that there is Grade A evidence to support excellent inter-rater reliability of the SEBT/YBT. This recommendation is based on consistent ﬁndings from
four high quality studies19-22 and two low quality
studies16,28 that are all level 2 investigations.

Intra-rater reliability. The results of this review
indicate that there is Grade A evidence to support
excellent intra-rater reliability of the SEBT/YBT.
This recommendation is based on consistent ﬁndings from three high quality studies18,19,21 and four
low quality studies16,17,28,29 that are all level 2
investigations.
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Table 5. Intra-Rater Reliability Statistics and Minimal Detectable Change.

DISCUSSION

intra-rater reliability of the SEBT/YBT. This recommendation does not change when using normalized
or non-normalized quantification techniques as well
as when evaluating each reach direction. The findings demonstrate that the SEBT/YBT can be used
consistently between one or more clinicians as well
as over time. Additionally, summated MDC scores
are provided that can be used to help guide clinical
decisions by enhancing the determination of when
patient change has occurred that exceed the error
associated with the test. Furthermore, the results of
the sensitivity analysis demonstrate that primarily
high level of evidence supports the reliability and
usefulness of the SEBT/YBT.

Summary of Results
The purpose of this systematic review was to determine the inter- and intra-rater reliability of the
SEBT/YBT. The results demonstrate that there is
Grade A evidence indicating excellent inter- and

Methodological Considerations
Included studies assessed the reliability of the SEBT/
YBT in healthy populations. Primarily, healthy adults
with a mean age range from 19 to 31 years old were

Sensitivity Analysis
Changing the quality criterion for determining high
or low quality studies by ±10% did not affect the recommendation for inter-rater reliability. The recommendation for intra-rater reliability would change to
a B if the criterion were increased by 10% because
the authors’ recommendation would be based upon
the findings from one high quality study21 and six
low quality studies.8,16-18,28,29 This indicates that the
current available evidence is generally high quality
and that the findings of this review are not likely
biased by lower quality evidence.
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Table 6. Inter-Rater Reliability Statistics and Minimal Detectable Change.

included. The activity level of the participants included
in this review varied. The majority of the participants
in this review were general population or recreationally active. One study’s participants19 consisted of
recreational collegiate soccer players while another
study’s participants20 were individuals actively participating in military training. However, regardless of
these variations there were consistent reliability measures demonstrated by the included studies. Based on
the characteristic that all participants were healthy, it
is unclear how lower extremity pathology may affect
SEBT/YBT reliability. Additionally, there is limited
evaluation of the SEBT/YBT outside of a physically
active collegiate population. Therefore, further evaluations are needed to determine the reliability and utility of the SEBT/YBT in a wide range of populations.
Instrumentation techniques used to conduct the
SEBT/YBT varied slightly between studies. The

most common quantification technique used a tape
measure attached to the floor.16-18,21,22,28-30 The other
method used quantified the SEBT/YBT using the
Y-Balance instrumented kit.19,20 Other methodological variations that were noted between the studies
included normalization of reaching limb, number of
practice and test trials, and body positioning during
the SEBT/YBT. The reliability of the SEBT/YBT was
found to be excellent regardless of the quantification technique that was used. Five studies16,19,20,22,28,29
allowed the participants to complete between one
and six practice trials before completing the trials
for collection. Body positioning of the participants
while completing the SEBT/YBT varied between the
studies. Six studies16-18,21,22,30 required that the participants’ hands must remain on hips while reaches
were completed. Two studies18,30 required the heel
of the stance leg to remain flat on the ground while
the reaches were completed. Additionally, the
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positioning of the foot on the tape measure/block
during testing varied between studies. The foot
was most commonly placed behind or in front of
the intersection of the reach directions16,18-20,28 or so
the foot was bisected by the reach directions.17,21,22,30
When conducting the SEBT/YBT clinicians should
allow for four practice trials. Studies in which at
least four practice trials were permitted, saw more
consistent results in fewer collected trials.16,19,20,22
Although there were several methodological differences between the studies in terms of quantification technique, normalization, practice trials, and
body position, these differences did not appear to
affect the reliability of the SEBT/YBT. It is important
to note though that if a clinician is using the nonnormalized method, results can only be compared
within the same patient and not across patients.
Thus, it is important for a clinician to be consistent
in the methodology used in their practice.
Practical Implications
The results of this review indicate that quantification technique, normalization, practice trials,
and body positioning do not appear to affect intra
or inter-rater reliability. The results indicate that
clinicians can perform the SEBT/YBT using their
preferred technique with a high degree of consistency between clinicians and over time. However,
clinicians should use the same methodology when
attempting to compare scores as the use of different measurement techniques may produce different raw values. Furthermore, normalization to leg
length should occur to allow for comparison across
patients. In summary, the results indicate that the
SEBT/YBT is a reliable tool that can provide comparable results between multiple raters during preparticipation injury screening as well as throughout
the rehabilitation process.
The following summary MDCs should be used in
clinical practice to determine patient change that
exceeds the error associated with the SEBT/YBT.
When evaluating changes in normalized reach distances over time MDCs of 5.87%, 7.84%, and 7.55%
should be used for anterior, posteromedial, and
posterolateral reach directions, respectively. When
evaluating changes in non-normalized reach distances MDCs of 6.37cm, 7.12cm, and 8.76cm should

be used for anterior, posteromedial, and posterolateral reach directions, respectively. For example,
if a patient’s anterior reach increases or decreases
5.87% or more for a normalized reach, the change
can be considered true change and potentially clinically meaningful change. The same is true for an
increase or decrease in anterior reach of greater than
6.37cm for a non-normalized reach, the change can
be considered true change and potentially clinically
meaningful change. The ability to determine change
that exceeds dynamic balance measurement error
can assist a clinician in making prevention, rehabilitation, and return to play decisions. However, it is
important to note that the included MDCs are based
on healthy participants and that these values may
not translate to pathologic populations.
Limitations of Review
This systematic review is not without limitations.
Following the inclusion criteria, only healthy adult
participants were included in the review. Due to
this, five studies30-34 were excluded due to the participant group including individuals under the age
of 18 years. This review did not include any studies in which the participant group was pathologic
or injured due to limitations in the literature. By
excluding these studies the authors may have unintentionally limited the scope of the reliability of the
SEBT/YBT. Future research should investigate the
reliability of the SEBT/YBT within participants with
pathologic conditions or injuires. Lastly, this investigation was only able to assess ICCs and MDCs of
the SEBT/YBT. Important clinical statistics such as
minimally clinically important difference should be
investigated in future studies.

CONCLUSION
The results of this systematic review demonstrate
that there is Grade A evidence to support excellent
inter- and intra-rater reliability of the SEBT/YBT.
These results infer that the SEBT/YBT should be
used clinically to assess dynamic balance and provide consistent and repeatable results between one
or more clinicians. Due to all of the included studies
assessing dynamic balance in healthy populations,
future research should determine the reliability of
the SEBT/YBT in a pathologic population.
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LOWER QUARTER- AND UPPER QUARTER Y BALANCE
TESTS AS PREDICTORS OF RUNNING-RELATED
INJURIES IN HIGH SCHOOL CROSS-COUNTRY
RUNNERS
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ABSTRACT
Background: While cross-country running is a popular interscholastic sport, it also has a high incidence of running-related injuries
(RRIs). Recent literature suggests that functional tests may identify athletes at increased risk of injury. The Y-Balance Test (YBT)
is an objective measure used to assess functional muscle strength, balance, and expose asymmetries between tested limbs.
Purpose/Hypothesis: The purpose of this study was to determine if the YBT could predict RRI in high school cross-country runners. It was hypothesized that an asymmetric right (R)/left (L) YBT reach distance for the lower or upper extremities would be
associated with an increased risk of RRI.
Study Design: Prospective observational cohort
Methods: One hundred forty-eight athletes (80 girls, 68 boys) who competed in interscholastic cross-country in Southern California
during the 2015 season participated in the study. Prior to the cross-country season, the runners completed Lower-Quarter YBT
(LQ-YBT) and Upper-Quarter YBT (UQ-YBT) testing to assess lower and upper extremity asymmetry, respectively. The runners
were prospectively monitored for RRI occurrence throughout the season using the Daily Injury Report form.
Results: Forty-nine runners (33.1%) incurred a RRI during the 2015 season, with the lower leg (shin/calf) and knee the most common RRI sites. Girls had a higher RRI occurrence (38.8%) than boys (26.5%) (p=0.12). Boys had greater raw scores for LQ-YBT R
and L anterior (ANT), posteromedial (PM), posterolateral (PM) and composite reach distances than girls (p<0.05). With the exception of normalized superolateral reach distance, boys had significantly greater scores for raw and normalized R and L UQ-YBT
reach distances and raw composite scores than girls (p<0.05). After adjusting for prior RRI, while boy runners with a LQ-YBT PM
reach difference ≥4.0 cm were five times more likely to incur a RRI (Adjusted odds ratio [AOR]=5.05, 95% CI: 1.3-19.8; p=0.02),
girl runners with a UQ-YBT inferolateral (IL) reach difference ≥4.0 cm were 75% less likely to incur a RRI (AOR=0.25, 95% CI:
0.1-0.7; p=0.005). By lower extremity body region, boy runners with a UQ-YBT superolateral (SL) reach difference ≥4.0 cm were
seven times more likely to incur a hip/thigh/knee RRI [AOR]=7.20, 95% CI: 1.1-45.6; p=0.002).
Conclusion: Greater lower extremity (PM) or upper extremity (SL) reach distance asymmetry, as measured by the LQ-YBT or UQYBT, respectively, were associated with RRI in boy high school cross-country runners.
Level of Evidence: 2b
Keywords: Asymmetry, cross-country, high school, prospective, running-related injury, Y-Balance Test
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INTRODUCTION
As participation in high school cross-country has
become increasingly popular, an incidental increase
in running-related injuries (RRIs) has also been
observed. Since 1983, a positive trend has been
observed in cross-country participation with over
480,000 high school athletes (222,516 girls, 257,691
boys) involved in the sport during the 2015-16 school
year.1 Over one-third of all high school cross-country
athletes will sustain a RRI during a sport season,
with females consistently incurring an injury more
frequently than males.2-5 The lower-extremity is the
most commonly injured body location, with the shin,
knee, and ankle the most prevalent sites of RRI for
both sexes with few sustaining low back, head, neck,
and trunk injuries.2-5 The cause of RRIs among high
school runners is likely multifactorial in nature.
Extrinsic factors such as training errors (improper
training mileage, variation of distance runs, etc.),
irregular terrain, and low step rate may contribute
to injury.4,6-8 Among intrinsic factors, the report of a
previous injury has been the most consistently associated factor with musculoskeletal injuries.5,7-9 An
abnormal Q-angle, navicular drop, smaller calf girth,
high or low BMI, menstrual irregularity, and low bone
mineral density have also been identified as risk factors among high school cross-country runners.4,5,10-15
The Y-Balance Test (YBT), based on the Star Excursion Balance Test,16 is a clinically inexpensive and
objective measure used to assess functional lower
extremity muscle strength, balance, and expose
asymmetries between tested lower limbs that may
lead to injury.17-20 The YBT has been used to assess
movement coordination and strength for the upper
and lower extremities.17-27 The lower quarter YBT
(LQ-YBT) measures anterior (ANT), posteromedial
(PM), and posterolateral (PL) reach distances while
the upper quarter YBT (UQ-YBT) assesses medial
(MED), inferolateral (IL), and superolateral (SL)
reach distances.16,17 For the lower quarter, a >4.0
centimeter (cm) reach distance between tested
limbs, and composite reach distances less than 94%
or less than 89% of the lower limb length have been
associated with an increased risk of sport-related
injury.17,21,25 The purpose of the UQ-YBT is to expose
asymmetries and imbalances that may significantly
impact neuromuscular control of the upper extremities and trunk.18 Limited evidence is available on the

relationship between UQ-YBT scores and sports- or
servicemember-related injuries.27
As the LQ-YBT incorporates the use of neuromuscular factors such as proprioception, coordination,
strength, flexibility, core stability, postural control,
and single limb balance, it may be more efficacious
than static balance tests previously used, such as
postural sway and timed single leg stance in identifying athletes at risk for injury.20,28,29 Further, as hip
muscle weakness has been associated with development of patellofemoral pain syndrome in high school
runners, and that a positive relationship between
hip muscle strength and LQ-YBT has been observed,
the potential use of the LQ-YBT to predict RRI in
runners appears plausible.30,31 Similarly, as the UQYBT was developed to identify asymmetries of core
stability,24 and that deficiencies in the core muscles
can result in injury in runners,32 it also appears probable that the UQ-YBT could identify runners at risk
of RRI. In a cross-sectional study of 22 injured and
22 matched uninjured male and female runners,
Meardon et al. did not find any significant mean differences between the injured and non-injured runners for any of the three SEBT leg-length normalized
reach directions.20 To date, no study has reported
the association between LQ-YBT or UQ-YBT scores
and RRI exclusively for high school cross-country
runners. Therefore, the purpose of this study was
to determine if the YBT could predict RRI in high
school cross-country runners. It was hypothesized
that an asymmetric right (R)/left (L) YBT reach distance for the lower or upper extremities would be
associated with an increased risk of RRI.
METHODS
Subjects & Setting
The study prospectively observed male and female
high school cross-country runners between the ages
of 13 and 19 years of age from four Southern California high schools during the 2015 season. One hundred
forty-eight runners (68 males, 80 females) participated in the study. All runners met inclusion criteria,
indicating that they were a member of a participating high school cross-country team, and did not have
symptoms related to a RRI within two weeks prior
to the start of the study. The study was approved by
the San Diego State University Institutional Review
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Board. Written parental consent and runner assent
were provided by all study participants.
Questionnaire
At the beginning of the 2015-2016 cross-country season, each runner completed a pre-season questionnaire providing demographic information, height,
weight, and occurrence of RRIs within the prior year.
Lower and Upper Extremity Limb Lengths
Lower and upper limb lengths were measured to
normalize LQ-YBT and UQ-YBT scores, respectively.
Lower extremity limb length was measured with
the runner in supine position on a mat table, from
the most inferior aspect of each anterior superior
iliac spine to the most distal portion of the medial
malleolus, using a cloth tape measure.16,17 For upper
extremity limb length, the participant stood with
the arm (being measured) at 90 degrees abduction
in the coronal plane and the elbow fully extended.
The measurement was taken from the C7 spinous
process to the most distal tip of the third phalange
using a cloth tape measure.18
YBT Protocol
LQ-YBT. The LQ-YBT consisted of unilateral lower
extremity reaches in the ANT, PM and PL directions.16,17 After written instructions were given and
the test was demonstrated by one of the instructors,
the runners were asked to keep their stance heel
down and hands on hips while performing each
reach direction with the non-stance leg in socks or
barefoot. After a one-minute rest period, the runner
completed three formal testing trials for each of the
ANT, PM, and PL directions.16,17 A trial was considered invalid if the runner (1) did not return to starting position, (2) placed the reach foot on the ground,
(3) raised or moved the stance foot so that the entire
foot did not maintain contact on the platform, (4)
placed weight on the reach plate, or (5) kicked the
plate with the reach foot.16,17 Due to the nature of the
prospective design to have the runners tested prior
to season start, and the time constraints to measure
large groups of runners from the teams participating
in the study, the runners performed three practice
trials on each leg in each of the three reach directions prior to formal testing. During formal testing,
runners were allowed four invalid trials before they

failed in that reach direction. The greatest reach distance out of three valid trials for each leg in each
direction was used for data analysis.
UQ-YBT. Like the protocol for the LQ-YBT, prior to
testing, all runners were provided written instructions and then observed a demonstration performed
by one of the investigators.18 In their socks or barefoot, the runners then assumed a pushup position
with feet no greater than shoulder width apart.
While maintaining the pushup position, the runner
used his/her free hand to maximally reach, slowly
and under control, in each of three directions MED,
IL, and SL in a sequential order without the free
hand touching down or runner assuming a resting
position.18 Runners were given three practice trials
for each arm prior to formal testing. A trial was discarded and repeated if the runner (1) failed to maintain balance on the stationary hand without touching down between reaches, (2) lifted or moved the
balance hand from the platform from the starting
position, (3) failed to return the reach hand to the
starting point, (4) failed to maintain contact with the
sliding target before it came to rest, such as shoving
the target instead of maintaining control, or (5)
pushed/tapped the plate forward with the reach
hand.18 The best of three valid trials in each direction for each arm was used for analysis.
Reliability of LQ-YBT & UQ-YBT Measures
Prior to the cross-country season, a pilot study was
conducted to establish the reliability of the LQ-YBT
and UQ-YBT. The intra- and inter-rater reliabilities
for all reach directions for the LQ- and UQ- YBT
measurements were established using a convenience sample of ten uninjured subjects. The interrater intraclass correlation coefficient (ICC 3, 1) for
all three directions for both lower and upper extremity measures ranged from 0.99 to 1.00.
Injury Surveillance Protocol
A pre-season meeting was held with each cross-country coach and/or athletic trainer for education and
training in the use of the Daily Injury Report (DIR)
form.4,5 The coaches tracked and recorded in the DIR
each of their runners’ daily participation in practices
and competitive events as well as absences and limitations due to injury. The season started on the first
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day of official practice and ended on the last day of
regular or postseason competitive event. A runningrelated injury (RRI) was defined as any reported
muscle, bone, or joint problem/injury to the low back
or lower extremity (hip, thigh, knee, lower leg [shin,
calf], ankle, or foot) that required the runner to be
removed from a practice and/or competitive event
or miss a subsequent practice and/or competitive
event.4,5 The coaches and/or certified athletic trainers recorded the body part injured and days lost due
to the injury, with a day lost defined as any day where
the runner did not participate in a practice and/or
competitive event without any restrictions. While
the coaches and/or athletic trainer were instructed
to contact investigators with any questions/issues in
reporting injuries, the investigators periodically contacted the coaches/athletic trainers to ask if they had
any questions regarding the DIR as well as to ensure
that the DIR was being completed on a daily basis.

asymmetry.20,34 For each direction, ROC analyses were
used to determine an appropriate cut-point between
right and left reach distance was used to classify a
runner as asymmetric. The best cut-off was the same
cut-point as reported by Plisky et al., (>4.0 cm),17 and
therefore was used to assess the injury risk association. Similarly, a cutoff point of >12.0 cm was used
for right to left composite score difference to classify a
runner at increased risk of RRI.17 ROC analyses were
used to determine a cut-point for normalized composite score for right and left limbs to classify a runner at increased risk of RRI.17 Finally, multivariable
logistic regression was used to calculate the adjusted
ORs (AORs) and 95% CIs to assess the effect of prior
RRI on the association between reach direction asymmetry and increased likelihood of RRI.4,14,17 An alpha
level of 0.05 was used for statistical significance for all
analyses. All data were analyzed using SPSS for Windows, Version 22 (SPSS Inc., Chicago, IL).

Data Analysis
Mean and standard deviations of the runners’ age,
height, weight, and BMI were calculated by sex to
document the runner’s personal baseline characteristics. Mean baseline measurements for YBT scores,
and lower extremity (LE) and upper extremity (UE)
limb length measurements were compared by sex
using independent t-tests. Since reach distance has
been associated with limb length, reach distances
were also normalized to limb length and expressed
as a percentage by dividing reach distance by limb
length and multiplying by 100.17 Composite reach distance was calculated by the sum of the three reach
directions divided by three times the limb length,
multiplied by 100.17 An incidence risk ratio and 95%
confidence interval (CI) was calculated to compare
RRI risk between sexes.33 Only the runner’s initial
RRI was used in all data analyses. For each sex, univariate odds ratios (ORs) with 95% CIs were used to
compare initial RRI risks of runners with an asymmetric LQ- or UQ-YBT score, comparing the cumulative initial incidence in an exposed (i.e., asymmetric)
group, LQ- or UQ-YBT score, divided by the cumulative incidence in the baseline or referent (i.e., nonasymmetric) group.33 Univariate ORs and 95% CIs
were then calculated to determine if RRI to specific
lower body region groups, hip/thigh/knee and lower
leg/ankle/foot, were associated with reach direction

RESULTS
Baseline Characteristics of Runners
At baseline, the average age of the sample was 15.6
years old (Table 1). While boy runners were taller
(p<0.0001) and heavier (p=0.01) than girl runners,
there was no significant difference in BMI (p=0.19).
Of the 148 participants, 67 (45.3%) reported a prior
RRI, with girl runners reporting a higher occurrence
(64.2%) than boy (35.8%) runners.
The mean limb length, reach distances, reach distances normalized to limb length for the three lower
and three upper reach directions, and lower and
upper normalized composite reach are presented in
Tables 2 and 3, respectively. Boys had significantly
greater LQ-YBT raw scores than girls for all three
lower reach directions and composite score, but
when normalized for lower limb length, no significant differences were found (p>0.05). With exception of the normalized SL reach distance direction,
boys had significantly greater UQ-YBT scores than
girls for all three raw and normalized reach directions and raw and normalized composite scores.
Running-Related Injuries
Forty-nine (33.1%) of the 148 runners reported a
RRI during the 2015 cross-country season. Girls had
a higher incidence of RRI (38.8%) than boys (26.5%)
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Table 1. Baseline Characteristics of High School Cross-Country Runners (N=148).

Table 2. Mean Reach Distance and Limb Length of LQ-YBT of High School CrossCountry Athletes (N=148).

(p=0.12). The lower-leg (38.8%) was the most common site injured followed by the knee (22.4%), and
hip/groin (18.4%) (Figure 1). No upper-extremity or
trunk RRIs were observed. Overall, no association
was found between prior RRI and RRI incurred during the 2015 cross-country season for all runners

(p=0.49); with similar findings for girl (p=0.50) or
boy (p=0.57) runners.
LQ-YBT and Risk of RRI
After adjusting for prior RRI, boy runners with a LQYBT PM reach difference ≥4.0 cm were five times
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Table 3. Mean Reach Distance and Limb Length of UQ-YBT of High School CrossCountry Athletes (N=148).

Figure 1. Cumulative incidence of running-related injury in high school cross-country runners (N=148).
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more likely to incur a RRI (Adjusted odds ratio
[AOR]=5.05, 95% CI: 1.3-19.8; p=0.02); no significant associations were found between RRI and LQYBT ANT or PL reach direction differences >4.0 cm
(p>0.05) (Table 4). None of the three LQ-YBT reach
direction differences >4.0 cm were associated with
RRI for girl runners (p>0.05). For girl and boy runners, no associations were found between RRI and
raw composite difference >12.0 cm for the lower
quarter or upper quarter, or for normalized right and
left composite reach scores for the LQ-YBT.
For both boy and girl runners, no associations were
found between lower extremity body region RRI and
any LQ-YBT reach direction difference >4.0 cm, raw
composite or normalized composite score difference
asymmetry (p>0.05).
UQ-YBT and Risk of RRI
After adjusting for prior RRI, girl runners with a UQYBT IL reach difference ≥4.0 cm were 75% less likely
to incur a RRI (Adjusted odds ratio [AOR]=0.25,
95% CI: 0.1-0.7; p=0.005); no significant associations were found between RRI and UQ-YBT MED
or SL reach direction differences ≥4.0 cm (Table 5)
(p>0.05). None of the three UQ-YBT reach directions differences ≥4.0 cm were associated with RRI

for boy runners (p>0.05). For girl and boy runners,
no associations were found between RRI and raw
composite reach difference, or right or left normalized composite UQ-YBT scores (p>0.05).
Boy runners with a UQ-YBT SL reach difference ≥4.0
cm were seven times more likely to incur a hip/
thigh/knee region RRI (AOR=7.20, 95% CI: 1.1-45.6;
p=0.002). For both boy and girl runners, no other
associations were found between lower extremity
body region RRI and any UQ-YBT reach direction
difference, raw composite or normalized composite
score difference (p>0.05).
DISCUSSION
The primary purpose of this study was to determine
if the LQ-YBT or UQ-YBT could predict occurrence
of RRIs in high school cross-country runners. Boy
runners with a ≥4.0 LQ-YBT PM reach difference
had an increased likelihood of any RRI. Similarly,
boy runners with a UQ-YBT SL reach difference
≥4.0 cm were more likely to have a hip/thigh/knee
injury. Conversely, girl runners with a UQ-YBT IL
reach difference ≥4.0 cm were less likely to incur a
RRI. No associations were found between RRI and
lower extremity body region RRI occurrence during
the season and for other LQ-YBT or UQ-YBT reach

Table 4. Relationship Between Lower Quarter YBT and Running-Related Injury Occurrence for High School
Runners (N=148).
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Table 5. Relationship Between Upper Quarter YBT and Running-Related Injury Occurrence for High School
Runners (N=146).

direction or composite score asymmetric differences
for girls or boy runners.
LQ-YBT & UQ-YBT Values
LQ-YBT. To the authors’ knowledge, there are no
published reports of LQ-YBT reach or composite score
values speciﬁc to high school cross-country runners.
Plisky et. al. examined lower extremity SEBT (precursor to the YBT) scores among high school basketball
players.17 For all normalized reach directions, the basketball players had higher scores than the runners in
the current study. From these results, the authors discern that proximal control and stability may be paramount when performing the YBT.19,20,35 Runners may
have weaker proximal muscles and therefore ﬁnd it
more challenging to balance and control the movements required to perform the YBT.36 This then suggests that the YBT may have a sport-speciﬁc component.32 Sports that bias quadriceps and gluteal
development will likely result in higher YBT scores,
as they mimic muscle movements observed during
testing.21,37 Similar to Plisky et al,17 the girls had lower
reach raw scores than boys for the three reach directions. However, when normalized for limb length,
few signiﬁcant differences were found. This suggests
normalization of data by limb length is important
when comparing reach scores by sex.

UQ-YBT. Similar to the LQ-YBT, to the authors’
knowledge, there are no published ﬁndings of UQYBT reach or composite score values in high school
cross-country runners. In the current study, the runners’ scores were highest for the MED reach direction and lowest during the SL reach direction. Boys
also yielded a greater composite score when compared to girls. Among high school baseball and softball players, Butler et al. reported no statistically signiﬁcant asymmetrical YBT values between the
dominant and non-dominant arm, and also found no
statistically signiﬁcant asymmetrical YBT reach and
composite score values between the dominant and
non-dominant arm between baseball and softball
players.24 Performance was greatest in the MED
reach direction, and the SL direction displayed the
poorest performance across gender and extremities.
Boys displayed a higher composite score of 87.1 cm
compared to girls at 86.3 cm, but this was not statistically signiﬁcant.24 Like the current study, they also
reported that while girls had lower UQ-YBT scores
than boys, the differences were not statistically
signiﬁcant.
YBT and RRI
LQ-YBT. Plisky et. al. found that high school basketball players with a greater ANT right/left reach
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difference >4.0 cm were 2.5 times signiﬁcantly
more likely to incur a lower extremity injury.17 Several other investigators have also reported that Division I athletes with greater asymmetry (i.e., LQ-YBT
>4.0 cm) in the ANT reach direction indicated a
higher predisposition for injury.25,38, Unlike these
prior studies, in the current study, the ANT reach
direction asymmetry was not associated with RRI.
Further, only boy runners with a PM reach direction
difference >4.0 cm were signiﬁcantly more likely to
incur a RRI. Unlike Plisky et al., no reach directions
>4.0 cm were associated with an increased likelihood of RRI for girl runners. In fact, all reach direction asymmetries demonstrated a protective effect
rather than an increased risk pattern. As this is the
ﬁrst study to report these associations with LQ-YBT
reach direction and injuries among high school runners or any other running population, to the authors’
knowledge, they cannot conﬁrm if these patterns
are consistent or dissimilar among runners. Further,
while the reasons for these protective effect patterns
among the girl runners are not clear, the authors
speculate that the LQ-YBT might not be an appropriate tool for predicting RRI in girl high school runners. Poor movement quality in running, especially
frontal plane movements such as repetitive knee
valgus during loading is detrimental to the health
condition and frequently contributes to injuries
such as patellofemoral pain syndrome and osteoarthritis.39,40 However, the LQ-YBT does not have a
frontal plane measure and as a result, qualitative
measures such as knee valgus are not being identiﬁed during testing. The current LQ-YBT protocol
does not prohibit any excessive lower limb movement (particularly valgus) in any of the three planes
of movement as long as the athlete maintains balanced or does not commit a testing error. While the
excessive movement in the frontal plane may be
allowable due to the dynamic nature in many ball
sports, this excessive movement would be considered abnormal in running biomechanics. Thus, a
runner with actual greater asymmetry in the frontal
plane, and therefore at risk for RRI, might demonstrate higher, symmetrical reach distances obtained
due to poor body mechanics; thus decreasing the
true risk association. These movements were
observed on many occasions but was not noted for
comparisons between the sexes. Future studies are

needed to determine frontal plane sensitivity of the
LQ-YBT with controlled and uncontrolled movement in the frontal plane of the stance leg. It is possible by improving sensitivity in the frontal plane
and limiting the amount of movements such as knee
varus and valgus, a more accurate evaluation of
asymmetry may be found and a more true injury
risk association observed.
UQ-YBT. In this study, while no UQ-YBT reach
direction or composite score asymmetry was associated with increased likelihood of any RRI, when
examined by lower extremity body region, boy runners with a SL reach direction difference >4.0 cm
were more likely to incur a RRI to the hip/thigh/
knee region. This ﬁnding seems plausible as the SL
reach may create more stress to “core” or proximal
lower extremity muscles like the hip, thigh or knee
as it places the runner in a “plank-like” position. As
the UQ-YBT is thought to expose asymmetries and
imbalances that may signiﬁcantly impact neuromuscular control of the upper extremities and
trunk,18 the SL reach may help to better identify
RRIs to the hip, thigh or knee that are more proximal. Some caution is advised, however, when interpreting the statistical (95% conﬁdence interval was
fairly wide indicating limited precision of the association) and clinical signiﬁcance of this ﬁnding as
they are based on a smaller group of runners with a
SL reach difference asymmetry and hip/thigh/knee
region RRI. Different from the boy runners, however, girl runners who had an IL reach difference
>4.0 cm were signiﬁcantly less likely to sustain a
RRI during the season. The reason(s) for this unexpected ﬁnding are not clear. One explanation may
be that the IL reach may allow more opportunities
for uncontrolled or relatively unnatural trunk ﬂexion movements that may increase the possibility for
the association between IL reach and RRI to be a
spurious or artifactual ﬁnding. Like the LQ-YBT for
female runners, more studies are needed to determine if this ﬁnding was indeed an artifact. Ideally,
that would include assessment of the quality of
movement, rather than allowing the runner to move
him/herself in any position to get the best reach distance, and may help to better understand the true
association. Like the LQ-YBT, to the authors’ knowledge, there have not been any prior reports on the
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relationship between UQ-YBT and RRI among high
school runners for comparison. Prior studies, including those conducted by Butler et al. examining high
school baseball and softball players, as well as collegiate swimmers, have observed inconclusive results
as well.23,24 Thus, as there is such limited evidence
on injury and UQ-YBT scores, future studies should
examine the association between asymmetrical
scores and injury occurrence.
Strengths
In the pilot study, the intra- and inter-rater reliabilities for all LQ- and UQ- YBT reach direction measurements ranged from 0.99 to 1.00, indicating that with
appropriate training the testers in this study were
highly consistent with little error. The high reliability
estimates are consistent with those reported in other
high school sports,16-18 and increased the confidence
of the reach direction measurements recorded for
the main study. Second, a prospective cohort design
was used, allowing establishment for baseline functional characteristics prior to testing. All runners
were uninjured at the time of testing, thus minimizing researcher bias during data collection. Third, this
study followed a structured sequence and all participating runners were trained in the testing procedure,
which helped reduce testing errors. Finally, this
study may be the first to report simultaneous examination of both the LQ-YBT and UQ-YBT and their
relationship to injury in any sport at any level.
Limitations
Several limitations in this study are noteworthy.
First, although the sample size was relatively large to
examine the primary hypotheses for any RRI, it did
not allow for adequate assessment of specific injuries by body location. Thus, specific body locations
were lumped into a proximal or distal body region
for examination to gain a better understanding of the
risk relationship between LQ-YBT or UQ-YBT reach
direction or composite scores. While the association between SL reach and hip/thigh/knee region
was found, there is still some over-generalization of
the RRI as the association is not based on a specific
body location/part injured. Thus, the authors highly
recommend that future studies should be designed
to study a large enough sample size of high school
runners that will capture the necessary number

of the specific RRI type (e.g., MTSS) to assess the
associations between that specific RRI and LQ- or
UQ-YBT. Second, it is likely that some injuries were
not reported in the DIR as some runners may have
felt that reporting their RRI might result in them
not being allowed to run in a practice or competitive event. Consequently, this may have partially
affected the true relationship between asymmetry
and likelihood of RRI. Finally, the commonly used
number of practice tests for the LQ-YBT and UQYBT were reduced from 4-6 to three due to the time
constraints to testing a large number of runners
prospectively prior to the season. The effect that
this may have had on the runner’s final testing is
unknown. It is possible that the common method
of six practice trials might not be representative of
the movement patterns present with the repetitive
demands of distance running. Future studies may
want to consider having the runner run for a certain
distance or time to fatigue the muscles prior to performing the tests.
Future Directions
To better examine the predictability of future RRI
using the LQ-YBT or UQ-YBT, future studies should
strive to obtain larger sample sizes of high school
runners, which would allow for examining relationships with specific running-related injuries as well
as provide a more representative sample of YBT performance among runners. It is recommended that
future studies incorporate a qualitative aspect while
assessing YBT performance, rather than only assessing maximum reach direction scores. Furthermore,
movement patterns specific to running mechanics
should be observed so that abnormal motion can
be identified and screened. Lastly, while the ROC
analyses indicated that a cut-point of >4.0 cm classified a runner at increased risk for RRI, this cut-point
might vary in different running populations. Thus,
future studies should continue assessing if a larger
or smaller cut-point might better identify runners at
increased risk for RRI.
CONCLUSIONS
The results of this study indicate that boy runners with a ≥4.0 LQ-YBT PM reach difference had
an increased likelihood of any RRI, and boy runners with a UQ-YBT SL reach difference ≥4.0 cm
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were more likely to have a hip/thigh/knee injury.
Conversely, girl runners with a UQ-YBT IL reach
difference ≥4.0 cm were less likely to incur a RRI.
No associations were found between RRI and lower
extremity body region RRI occurrence during the
season and for other LQ-YBT or UQ-YBT reach direction or composite score asymmetric differences for
girls or boy runners. These results partially supported the hypotheses that greater asymmetry, as
measured by LQ- or UQ-YBT right-left reach direction difference asymmetries (PM and SL, respectively), would be associated with greater risk of RRI
in high school cross-country runners; however, this
was observed in boys only.
REFERENCES
1. National Federation of State High School
Associations. High school sports athletics
participation survey, http://www.nfhs.org/
ParticipationStatistics/ParticipationStatistics
downloaded on 4/29/17.
2. Beachy G, Akau CK, Martinson M. High school
sports injuries: A longitudinal study at Punahou
School: 1988 to 1996. Am J Sports Med.
1997;25(5):675-681.
3. Rauh MJ, Margherita AJ, Rice SG, et al. High school
cross country running injuries: A longitudinal study.
Clin J Sports Med. 2000;10(2):110-116.
4. Rauh MJ, Koepsell TD, Rivara FP, et al.
Epidemiology of musculoskeletal injuries among
high school cross-country runners. Am J Epidemiol.
2006;163(2):151-159.
5. Rauh MJ, Barrack MT, Nichols JF. Associations
between the female athlete triad and injury among
high school runners. Intl J Sports Phys Ther.
2014;9(6):948-958.
6. Luedke LE, Heiderscheit BC, Williams DS, Rauh MJ.
Step rate and shin injury and anterior knee pain in
high school cross-country runners. Med Sci Sport
Exerc. 2016;48(7):1244-1250.
7. Rauh MJ. Summer training factors and risk of
musculoskeletal injury among high school crosscountry runners. J Orthop Sports Phys Ther.
2014;44(10):793-804.
8. Tenforde AS, Sayres LC, McCurdy ML, et al. Overuse
injuries in high school runners: lifetime prevalence
and prevention strategies. PM R. 2011;3(2):125-131.
9. Reinking MF, Austin, TM, Hayes AM. Risk factors for
self-reported exercise-related pain in high school
cross-country runners. J Athl Train. 2010;45(1):51-57.

10. Tenforde AS, Sayres LC, McCurdy ML, et al..
Identifying sex-speciﬁc risk factors for stress
fractures in adolescent runners. Med Sci Sports Exerc.
2013;45(10):1843-1851.
11. Rauh MJ, Koepsell TD, Rivara FP, et al. Quadriceps
angle and risk of injury among high school crosscountry runners. J Orthop Sports Phys Ther.
2007;37(12):725-733.
12. Bennett J, Reinking M, Pluemer B, et al. Factors
contributing to the development of medial tibial
stress syndrome in high school runners. J Orthop
Sports Phys Ther. 2001;31(9):504-510.
13. Bennell KL, Malcolm SA, Thomas SA, et al. Risk
factors for stress fractures in track and ﬁeld athletes.
A twelve-month prospective study. Am J Sports Med.
1996;24(6):810–818.
14. Plisky MS, Rauh MJ, Heiderscheit B, et al. An
epidemiological investigation of medial tibial stress
syndrome among high school cross-country runners.
J Orthop Sports Phys Ther. 2007;37(2):40-47.
15. Austin TM, Reinking MF, Hayes AM. Menstrual
function in female high school cross-country
athletes. Int J Adolesc Med Health. 2009;25(4):555-565.
16. Plisky PJ, Gorman PP, Butler RJ, et al. The reliability
of an instrumented device for measuring
components of the star excursion balance test. N Am
J Sports Phys Ther. 2009;4(2):92-99.
17. Plisky PJ, Rauh MJ, Kaminski TW, et al. Star
Excursion Balance Test as a predictor of lower
extremity injury in high school basketball players.
J Orthop Sports Phys Ther. 2006;36(12):911-919.
18. Gorman, PP, Butler, RJ, Plisky PJ, et al. Upper
Quarter Y Balance Test: Reliability and performance
comparison between genders in active adults.
J Strength Cond Res. 2012;26:3043-3048.
19. Sandrey MA, Mitzel JG. Improvement in dynamic
balance and core endurance after a 6-week corestability-training program in high school track and
ﬁeld athletes. J Sports Rehabil. 2013;22(4):264-271.
20. Meardon, S, Klusendorf, A, Kernozek, T. Inﬂuence of
injury on dynamic postural control in runners. Int J
Sports Phys Ther. 2016;11(3):366-377.
21. Butler RJ, Lehr ME, Fink ML, et al. Dynamic balance
performance and noncontact lower extremity injury
in college football players” an initial study. Sports
Health. 2013;5(5):417-422.
22. Gribble PA, Hertel J, Plisky P. Using the Star
Excursion Balance Test to assess dynamic postural
control deﬁcits and outcomes in lower extremity
injury: A literature and systematic review. J Athl
Train. 2012;47(3):339-357.
23. Butler R, Arms J, Reiman M, et al. Sex differences in
dynamic closed kinetic chain and upper quarter

The International Journal of Sports Physical Therapy | Volume 14, Number 5 | October 2019 | Page 705

24.

25.

26.

27.

function in collegiate swimmer. J Athl Train.
2014;49(4):442-446.
Butler R, Myers HS, Black D, et al. Bilateral
differences in the upper quarter function of high
school aged baseball and softball players. Int J Sport
Phys Ther. 2014;9(4):518-524.
Smith C, Chimera NJ, Warren M. Association of Y
Balance Test reach asymmetry and injury in
Division I athletes. Med Sci Sports Exerc.
2015;47(1):136-141.
Westrick RB, Miller JM, Carow SD, et al. Exploration
of the Y-Balance Test for assessment of upper
quarter closed kinetic chain performance. Int J Sports
Phys Ther. 2012;7:139-147.
Teyhen DS, Shaffer SW, Butler RJ, et al. What risk
factors are associated with musculoskeletal injury in
US Army rangers? A prospective prognostic study.
Clin Orthop Relat Res. 2015;473(9):2948-2958.

28. Emery CA. Is there a clinical standing balance
measurement appropriate for use in sports
medicine? A review of the literature. J Sci Med Sport.
2003;6(4):492-504.
29. McGuine TA, Greene JJ, Best T, et al. Balance as a
predictor of ankle injuries in high school basketball
players. Clin J Sport Med. 2000;10(4): 239-244.
30. Finnoff JT, Hall MM, Kyle K, et al. Hip strength and
knee pain in high school runners: a prospective
study. PM R. 2011;3(9):792-801.
31. Wilson BR, Robertson KE, Burnham JM, et al. The
relationship between hip strength and the Y Balance
Test. J Sport Rehabil. 2018;27(5):445-450.
32. Rivera CE. Core and lumbopelvic stabilization in
runners. Phys Med Rehabil Clin N Am. 2016;27(1):319337.

33. Rauh MJ, Macera CA, Marshall SW. Applied Sports
Injury Epidemiology. In: Magee DJ, Manske RC,
Zachazewski JE, Quillen WS. Athletic and Sport Issues
in Musculoskeletal Rehabilitation. St. Louis, MO:
Elsevier Saunders; 2011:730-772.
34. Brumitt J, Heiderscheit BC, Manske R, et al. Lower
extremity functional tests and risk of injury in
Division III collegiate athletes. Int J Sports Phys Ther.
2013;8(3):216-227.
35. McCann RS, Crossett ID, Terada M, et al. Hip
strength and star excursion balance test deﬁcits of
patients with chronic instability. J Sci Med Sport.
2017;20(11):992-996.
36. Miller MM, Trapp JL, Post EG, et al. The effects of
specialization and sex on anterior Y-Balance
performance in high school athletes. Sports Health.
2017;9(4):375-382.
37. McCann RS, Kosik KB, Terada M, et al. Associations
between functional and isolated performance
measures in college women’s soccer players. J Sport
Rehabil. 2017:51(2):105-112.
38. Chimera NJ, Warren M. Use of clinical movement
screening tests to predict injury in sport. World J
Orthop. 2016;7(4):202-217.
39. Petersen W, Ellermann A, Gosele-Koppenburg A, et
al. Patellofemoral Pain Syndrome. Knee Surg, Sports
Traumatol, Arthrosc. 2013;22(10):2264-2274.
40. Sharma L. The Role of Varus and Valgus in Knee
Osteoarthritis. Arthritis Rheumatism. 2007;56(4):10441047.

The International Journal of Sports Physical Therapy | Volume 14, Number 5 | October 2019 | Page 706

IJSPT

ORIGINAL RESEARCH

INTRA- AND INTER-RATER RELIABILITY FOR LIMB
LENGTH MEASUREMENT AND TRIAL ERROR
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ABSTRACT
Background: There has been an increased emphasis placed on outcome measures in healthcare recently. This emphasis, coupled
with a limited amount of clinically meaningful upper extremity closed-kinetic chain performance-based measures, has led to the
development of the Upper Quarter Y-Balance Test (YBT-UQ). Current literature has reported the established reliability of the testretest and inter-rater reliabilities of the YBT-UQ, but not the intra-rater and inter-rater reliability of limb length (LL) measurement
and trial error assessment (assessing whether a subject committed an error during the trial thus negating the results of that trial).
These components are important to the output of the measure and therefore need to be examined.
Purpose: To examine the intra-rater and inter-rater reliability of LL measurement and trial error assessment for the YBT-UQ.
Study Design: A test-retest design was utilized to evaluate reliability.
Methods: A convenience sample of healthy college students had their right upper extremity LL measured and performed the YBTUQ in order to establish intra-rater and inter-rater reliability of LL measurement and YBT-UQ trial error assessment. LL was measured from the C7 spinous process to the distal end of the third digit of the right hand per protocol for the YBT-UQ. Two YBT-UQ
practice trials were performed for each stance hand followed by three trials for each stance hand. The trial reach measurements
were recorded by each rater. A video recording device was used to record each trial and the video was viewed by each rater for trial
error assessment.
Results: The Intraclass Correlation Coefficient (ICC) values for intra-rater reliability for LL measurements were 0.986, 0.987, and
0.990 for each of the three raters respectively, indicating excellent reliability. The ICC value for inter-rater reliability for LL measurements was 0.990, also indicating excellent reliability. Trial error assessment intra-rater reliability Kappa values were 0.917,
0.869, and 0.951 for each of the three raters respectively, indicating very good agreement. The Kappa value for trial error assessment for all three raters, collectively, was 0.658 for the first assessment of trial errors and 0.643 for the second assessment of trial
errors, indicating good agreement between raters for each assessment of trial errors.
Conclusion: The YBT-UQ demonstrates a high degree of reliability in measurement of LL and agreement regarding trial errors
assessment on the population studied.
Levels of Evidence: 2b
Key Words: Movement System, outcome measure, upper extremity performance, upper quarter Y-Balance Test
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INTRODUCTION
Recently there has been an increased emphasis in
healthcare on collecting outcome measures in an
effort to improve patient care.1-3 Outcome measures
contribute to a systematic approach to assessing
patient progress and can be patient-reported (e.g.
numeric pain rating scale, lower extremity functional
scale, etc.), clinician-reported (e.g. range-of-motion,
manual muscle test, etc.), or performance-based
(e.g. single-leg hop test, closed kinetic chain upper
extremity stability test, etc.). Patient-reported outcome measures provide the patient with a standardized way to communicate their perception of the
symptoms, functional ability, and quality of life they
are experiencing related to the problem for which
they are seeking care.4,5 Patient-reported outcome
measures also provide important subjective information that can be useful in improving the process
of care.6 In contrast, clinician-reported outcome
measures provide a more objective way of measuring patient progress, particularly as it relates to the
impairment.7 Despite their value, patient-reported
outcome measures do not always correlate with
the patient’s functional level and clinician-reported
outcome measures (non-performance based) provide a very limited amount of information regarding patient functional status.7 Performance-based
outcome measures (considered a form of clinicianreported outcome measures) are designed to allow
the clinician to evaluate the patient’s functional
level.7 These measures are important in clinical
decision making, particularly as it relates the level
of activity at which a patient is performing.8 Without
the objective measure of a performance-based outcome, it is difficult to assess the limitations that may
be present or identify ongoing impairments related
to patient injury or dysfunction.9
Most performance-based outcome measures focus on
the lower extremity, with only three closed-kinetic
chain tests for the upper extremity described in the
literature: the closed kinetic chain upper extremity
stability test (CKCUEST),10-12 the one-arm hop test,13
and the Upper Quarter Y-Balance Test (YBT-UQ).14,15
The CKCUEST is used to determine deficiencies
in closed kinetic chain upper extremity functional
performance while providing objective data in order
to track a patient’s rehabilitation progress.10 Test

subjects assume a push-up position on the floor
(males) or a modified (kneeling) push-up position
(females) with the hands shoulder-width apart.10,16
Subjects alternate touching opposing hands for 15
seconds during a trial.10,16 The goal is for the subject
to get in as many touches as they can during the
allotted time and the average of 3 maximal trials is
the subject score.10,16
The one-arm hop test is used to assess the concentric and eccentric strength of the limb of the subject
as well as the subject’s ability to maintain control
under the axial load of their body weight in a onearm push-up position.13 The subject is asked to use
their stance arm to hop onto a 10.2 cm step and back
to the floor as quickly as possible for 5 continuous
repetitions. The time it takes the subject to complete
the 5 repetitions is recorded.13
The YBT-UQ challenges the stability and mobility of
the upper extremity in order to identify asymmetries that may place individuals at risk for an upper
extremity injury.14 The test is performed using a YBT
kit (although reliability has been reported by Cramer
et al17 for a modified version) that consists of a stance
platform to which three rods are attached in the
medial, inferolateral, and superolateral positions at
angles that form a “Y.” On each of the rods is a reach
indicator box that is to be pushed by the subject. The
subject has their right limb length (LL) measured
which is used in a formula that provides a standardized composite score. The subject assumes a push-up
position and performs four practice trials (two on the
right stance hand followed by two on the left stance
hand) prior to performing the actual testing (three trials on the right stance hand followed by three on the
left stance hand) on the YBT kit. Each trial consists
of the subject reaching in the medial, inferolateral,
and superolateral directions sequentially to push the
reach indicator boxes as far as they can. The subject
must maintain balance on the stance platform with
the contralateral limb without placing their reach
hand on the floor until they return to the starting
position.18 Test faults include using momentum to
move the reach indicator without maintaining contact with the hand, not returning to the start position
under control, touching down with the reach hand
prior to completing reaches in all directions, placing the reach hand on top of the reach indicator, not
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maintaining full contact with the stance hand on the
stance platform, and not maintaining contact on the
floor with both feet.15 Test faults negate the results
of the trial and the trial is repeated.15 After each successful trial, the reach distance is recorded for each
direction for each limb. The YBT-UQ tests the upper
extremities’ mobility of the reach hand and the stability of the stance hand, at end range. Additionally,
clinicians can standardize test results into a composite score for each subject by summing the furthest
reach distance for each direction, dividing that number by three times the upper limb length of the subject (measured from C7 to the distal tip of the right
third digit), and multiplying that by 100.15,18 By standardizing the test results into a composite score, it
allows for comparisons to be made while taking into
account differing limb lengths.
Both the CKCUEST and the one-arm hop test require
the subject to use power, speed, and stability in a
closed kinetic chain in order to complete them.14
However, due to the physical requirements of the
CKCUEST and one-arm hop test, testing is generally limited to use as return-to-play or performance
testing due to subject safety concerns. Additionally,
neither test places the subject in a position to challenge mobility as the amount of movement required
to perform the tests is limited; and the tests do not
challenge the subject at the limit of their stability
as they do not require the subject to move the free
arm as far as they can while maintaining their stability on the stance arm.14 Specific to the CKCUEST
is an inability for clinicians to assess limbs unilaterally as they function in the same capacity throughout the test.14 It has also been suggested that as
subject’s CKCUEST scores increase, the focus of the
test changes from stability and mobility to strength
and plyometrics.14 The YBT-UQ attempts to address
the limitations of other instruments by efficiently
and effectively assessing upper quarter function
by challenging stability and mobility unilaterally.14
Additionally, the YBT-UQ can be a useful tool for clinicians to evaluate progress at various points of the
injury spectrum.14 Although the YBT-UQ does not
identify a specific functional activity the subject is
unable to perform or a specific cause of an asymmetry, identification of a statistically significant asymmetry alerts the clinician to investigate further.

While the focus of most studies conducted on the
use of the YBT are for the lower quarter, limited
research regarding the YBT for the upper quarter is
present. Due to a limited number of performancebased outcome measures for the upper extremity10,13
and the limited ability of other measures to be utilized throughout the injury spectrum, it is imperative that the reliability of all aspects of the YBT-UQ
be established. While there is research on the testretest and inter-rater reliability of the YBT-UQ reach
measurements,14,18 there is currently no reported
intra-rater and inter-rater reliability for reporting
subject trial error assessment or limb length (LL)
measurements. Both subject LL measurements and
trial error assessment can impact a subject’s composite score, highlighting the significance of establishing their reliability in order to be able to accurately
calculate composite scores. Therefore, the purpose
of this study was to assess the intra-rater and interrater reliability of LL measurements and trial error
assessment for the YBT-UQ.
METHODS
Design and Setting
Three raters, certified athletic trainers with 7.67 ±
4.73 years of professional athletic training experience, conducted this study. All testers completed
the Functional Movement Systems (FMS) “Y-Balance ScreenTM” online course and completed a single
group training session of the YBT-UQ testing protocol prior to commencing this study. A convenience
sample of 12 subjects between 23 and 35 years of age
(6 males, 6 females, mean ages 32.9 ± 4.0 years and
29.7 ± 2.4 years; mean height 174.8 ± 5.2 cm and
170.2 ± 7.3 cm; mean weight 79.8 ± 4.2 kg and 77.4
± 12.7 kg) of various activity levels was recruited
from the University of Idaho (Table 1). All subjects were right hand dominant. Exclusion criteria
included upper extremity, spine, or lower extremity injury or pathology within the prior six months,
missing any limb, recovering from concussion, vestibular disorder, or currently experiencing inner
ear, sinus, or upper respiratory tract infection. Subjects were provided with an explanation of the testing procedures and informed consent was obtained
from each subject prior to testing. This study was
approved by the Institutional Review Board of the
University of Idaho.
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Table 1. Demographics, presented as means (SD).

Figure 1. Professional YBT kit.

Upper Quarter Y-Balance Test
The professional YBT kit is a high-end, urethane
coated, bamboo wood kit with laser engraved measurement marks (Perform Better, West Warwick, RI,
USA) and was used for testing (Figure 1). The professional YBT kit consists of a stance platform to which
three pieces of bamboo rods are attached in the
medial, inferolateral, and superolateral positions.
Three more pieces of bamboo rods are attached to
the each of the rods that are connected to the stance
platform to complete the length of the rods. The
angle between the medial rod and the inferolateral
rod is 135°, the medial rod and the superolateral rod
is 135°, and the inferolateral rod and superolateral
rod is 90°. Each rod is marked in 1.0 cm increments
for measurement. A bamboo reach indicator sits atop
each rod, and is free to move along the rod when
pushed by the subject. The reach indicator standardizes the distance the subject’s hand is above the
ground, as marked by a red target area on the reach
indicator (Figure 2). The subject’s LL is measured to
the nearest 0.5 cm using a tape measure from the
C7 spinous process to the distal end of the third digit
of the right hand with the shoulder abducted to 90°,

Figure 2. Reach indicator on the YBT kit.

the elbow in full extension, the wrist in a neutral
position, and the fingers in extension. This measurement is taken for the right arm only.
The subject always begins with their right hand as the
stance hand. The hand is aligned on the stance platform with the thumb adducted and behind the line on
the stance platform. Once the stance hand is appropriately positioned, subjects assume a pushup position
(i.e., the starting position) with their feet shoulderwidth apart, without shoes, with their stance hand on
the stance platform, and the reach hand starting on
the medial reach indicator. Subjects have their shoulders positioned over their hands to start.
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Figure 3. Reach directions: Medial (A), Inferolateral (B), Superolateral (C)

Subjects then use the free hand (reach hand) to maintain contact and push (not shove with momentum)
the reach indicator in the target area. Each trial consists of subjects reaching in the medial direction, the
inferolateral direction, and superolateral direction
sequentially without putting the reach hand on the
ground to rest, and by returning to the start position
under control (Figure 3). Two practice trials are completed with the right stance hand followed by two
practice trials with the left stance hand. After completion of the practice trials, subjects complete three trials on each stance hand and measures are recorded.
A trial is determined as a failed trial if any of the
following test fault criteria are present: a) failure
to maintain unilateral stance on the platform (e.g.,
touched down to the floor with the reach hand or fell
off the stance platform), b) failure to maintain reach
hand contact with the reach indicator in the target
area while it was in motion (e.g., used momentum to
move the reach indicator), c) used the reach indicator
for stance support (e.g., placed fingers or hand on top
of the reach indicator), d) failure to return the reach
hand to the starting position under control, or e) lifting either foot off of the floor. Subjects are allowed to
stop and remove themselves from testing at any time.
Procedures and Protocols
To establish intra-rater and inter-rater reliabilities,
subjects performed the YBT-UQ in the presence of
all three raters while being video recorded (Galaxy
Note 10.1 Tablet. Samsung, Seoul, South Korea). Each
rater independently administered LL measures for
each subject while being blinded to the measures of
other raters. Following LL measurements, all subjects viewed FMS video recorded instructions that
included a demonstration of the testing procedures
in the presence of all three raters.19 Following the
FMS video recorded instructions and demonstration,

subjects completed two practice trials of the test on
each limb in the presence of all three raters. Following the practice trials, subjects performed three trials on each stance hand in the presence of all three
raters, while being video recorded, and each rater
documented the measure for each reach direction
on each trial while being blinded to the measures
recorded by the other raters. The subjects repeated
the test in the same fashion following a rest period
of greater than 20 minutes (to allow for full recovery
from testing), but not more than 40 minutes (for testing efficiency). All raters recorded measurements
on a new data sheet for each trial in order to limit a
recall of the previously recorded measurements.
A video recording device was set up on a platform at
an anterior and oblique angle to record each subject
during each of their trials for each stance hand (Figure
4). The side to which the video recording device was
set was the same side as the stance hand. The video
recording device was set up at a height of 71.0 centimeters and 221.0 centimeters from the corner of the stance

Figure 4. Video recording device setup.
A.Video recording device setup for right stance hand
B.Video recording device setup for left stance hand
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platform. The angle of the video recording device was
set at 35.5° to the medial reach arm. All trials were
video recorded so that all raters viewed the tests at the
same angle for assessment of test faults. To determine
intra-rater reliability of test faults, all recorded videos
were viewed twice to record test faults on a score sheet,
with a one-hour break between viewings. The onehour break was taken to minimize a carryover effect
between the first and second viewings by the researchers on their scoring of a failed trial. Coupled with the
large number of trials to be scored during each viewing,
the memory recall of the scoring of the previous viewing was rendered negligible. For each viewing and each
subject, a new score sheet was utilized.
Statistical Analysis
Statistical analysis was performed using SPSS (Version 23. IBM Corporation, New York, USA) and Excel
(Version 16.0.4498.1000. Microsoft Corporation, Washington, USA). Intraclass correlation coefficients (ICC)
were used to determine intra- and inter-rater reliability
of LL measures and Cohen’s Kappa and Fleiss’ Kappa
were used to determine intra- and inter-rater reliability, respectively, of failed trials. The intra-rater and
inter-rater reliability for LL measures was assessed
using a two-way mixed, absolute agreement, single
measures ICC.20 Standard error of measurement (SEM)
was calculated for LL measures differences using the
following formula: SEM = SD √(1-ICC) where SD is
the standard deviation of the scores of all twelve subjects and the ICC is the reliability coefficient.21

RESULTS
Intra-rater reliability for LL measurements was
assessed (Table 2) with the values indicating a high
test-retest reliability for each rater. Inter-rater reliability for LL measures was assessed for all three raters reporting a single measures ICC of 0.990 (p <
0.001), 95% CI (0.981, 0.995), SEM of 0.039 (Table 3)
indicating a high reliability between raters. The high
ICC values fall into the excellent range22 and suggests that a minimal amount of measurement error
was introduced by the raters, which is further supported by the SEM values.
In order to determine the intra-rater and inter-rater
reliability for failed trial assessment, analysis using
the Kappa statistic was performed. Intra-rater reliability for failed trial assessment was assessed with
rater 1 reporting a Cohen’s Kappa of 0.917 (p <
0.001), rater 2 reporting a Cohen’s Kappa of 0.869 (p
< 0.001), and rater 3 reporting a Cohen’s Kappa of
0.951 (p < 0.001) demonstrating an excellent level of
reliability for each rater (Table 4).22 Inter-rater reliability for failed trial assessment was determined
utilizing Fleiss’ Kappa. Fleiss’ Kappa was assessed
for two separate viewings of video-recorded YBT-UQ
trials with the first viewing reporting a Fleiss’ Kappa
= 0.658 (p < 0.001), 95% CI (0.564, 0.753) and the
second viewing reporting a Fleiss’ Kappa = 0.643 (p
< 0.001), 95% CI (0.548, 0.737) with both viewings
indicating substantial agreement23 between all three
raters (Table 5).

Table 2. Intra-rater reliability of Limb Length measurements.

Table 3. Inter-rater reliability of Limb Length measurements.
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Table 4. Intra-rater reliability of trial error assessment.

Table 5. Inter-rater reliability of trial error assessment.

DISCUSSION
The YBT-UQ has been theorized to assess functional
movement, including the components of stability of
the stance arm and mobility of the reach arm in multiplanar motion.14 Scapular stability and mobility, thoracic rotation, and core stability are combined while
the subject attempts to reach as far as possible without losing their balance.14 This challenges the subject
to move away from their base of support, requiring proprioception, balance, strength, and range of
motion.14 As each limb performs separate tasks during
each trial, comparisons can be made from one limb
to the other for evaluation of symmetry.18 For more
broad comparisons (e.g. across groups) a normalized
composite score for each limb can be calculated that
takes into account LL and maximum recorded reach
distances for each reach direction. In order to compute correct composite scores, accurate LL measurements must be able to be obtained and subject trial
procedures that could alter the reach distance (meeting criteria of a failed trial) must be able to be recognized. Unreliability in taking LL measurements and
assessing trial errors can result in skewed measures,
ultimately impacting the reliability of the YBT-UQ.
Prior to this study, there was no reported reliability
of LL measurement or of failed trials assessment in
the literature. In order to be a viable assessment tool,
it was necessary to evaluate the reliability of these
important components of the YBT-UQ. The results of
this study demonstrated excellent22 intra- and interrater reliability for LL measurements, indicating the
measurements were consistent from one clinician
to the next and were repeatable for each clinician
administering the test according to the standard protocol with no intervention in between. This study

also demonstrated excellent22 intra-rater reliability
and substantial agreement23 for inter-rater reliability
for clinicians with minimal training when determining failed trials during testing.
Consistent results from rater to rater and for the
same rater in LL measurement and failed trials
assessment allows for the results from testing to be
compared both within and between subjects. Consistent results allow for the data to be normalized and
for comparisons to be made for various groups (e.g.
gender, sport). This also allows, as an extension, for
the YBT-UQ to be utilized as a performance-based
outcome measure throughout the injury spectrum.
With the reliability reported in this study, evaluators
can get an accurate and repeatable assessment of at
risk individuals or track a patient’s progress. This also
allows, as an extension, for the YBT-UQ to be utilized
as a performance-based outcome measure throughout the injury spectrum and lays the groundwork for
evaluating it as an injury risk assessment tool.
A limitation of this study was the standardized procedure requiring all participants to view the FMS video
recorded instructions and demonstrations prior
to completing the test. Future research of the reliability of the YBT-UQ without standard instructions
amongst individuals is needed. Another limitation to
the study was no comparison (for validity) to a “gold
standard” performance-based outcomes measurement, because there is not one agreed upon in the
literature. Finally, the testers in the study were novices in the use of the YBT-UQ, having had minimal
training and practice with the test. Future research
is needed to evaluate the impact of asymmetries
between limbs that are statistically significant.
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CONCLUSIONS
The protocol for administering the YBT-UQ is highly
standardized and simple. The standardization of the
test, coupled with the simplicity of the test, lead to
high intra-rater and inter-rater reliability of the YBTUQ reach measurements as reported in previous
studies and high intra-rater and inter-rater reliability
for LL measurements and failed trials assessment as
reported in this study. The high ICC values for interand intra-rater reliability and test-retest reliability
of the measurement of LL and discernment of trial
errors suggest that the YBT-UQ is highly reliable as
a functional assessment tool on the population studied. With minimal training, clinicians should be able
to implement and instruct subjects in the YBT-UQ in
their practice and obtain consistent results.
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RELIABILITY OF A CLINICAL SET-UP
Lasse Ishøi, PT, MSc1
Per Hölmich, MD, DMSc1
Kristian Thorborg, PT, MSportsPT, PhD1,2

ABSTRACT
Background: Evaluation of hip muscle function is considered an important part of the examination and treatment of
physically active subjects with hip and groin pain. However, methods to reliably measure explosive hip muscle
strength are lacking.
Hypothesis/purpose: The purpose was to investigate the reliability of a clinically available set-up using a fixated
handheld dynamometer to test isometric peak force and rate of force development of the hip abductors, adductors,
flexors, and extensors.
Methods: Seventeen subjects (males: 9, females: 8, mean aged 25.4 (+/- 4.2) y, with mean body mass of 73.9 (+/15.2) kg, and mean height 174.2 (+/- 12.4) cm) were included. One experienced tester performed all measures in a
randomized order. Three trials of isometric peak force and early- (0-100 ms) and late-phase (0-200 ms) rate of force
development for the hip abductors, adductors, flexors, and extensors were obtained using a fixated handheld dynamometer. The trial with the highest value for each measure was used for analysis. Test-retest sessions were separated
by 30 minutes of rest.
Results: No systematic between-session bias were observed for any of the measures. The relative intra-tester reliability (ICC2,1) for peak force, 0-100 ms rate of force development, and 0-200 ms rate of force development ranged from
0.93-0.96, 0.82-0.93, and 0.85-0.92, respectively, corresponding to good reliability for all force measures.
Conclusion: The present study shows that assessment of isometric hip muscle peak force, including early- (0-100 ms)
and late-phase (0-200 ms) rate of force development using a fixated handheld dynamometer have good intra-tester
reliability for testing of the hip adductors, abductors, flexors and extensors. Thus, in clinical research settings where
an isokinetic dynamometer may not always be readily accessible, the present test procedure can be used as a feasible
alternative to reliably provide objective of hip muscle function relevant for rehabilitation of patients with hip and
groin pain.
Level of evidence: Level 3, Reliability study
Key words: groin, handheld dynamometer, neuromuscular function, reproducibility, movement system
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INTRODUCTION
The assessment of muscular function is considered
an integrated part of the physical examination of
patients presenting with musculoskeletal pain. Specifically, in physically active subjects with hip and/
or groin pain, assessment and monitoring of hip
muscle strength is considered paramount to identify
muscular deficits around the hip joint and to tailor
treatment.1 Reliable and clinically applicable procedures to measure maximal hip muscle strength
have been developed using handheld dynamometry with and without external fixation.2-4 Thus, in
subjects with longstanding hip and/or groin pain,
assessment of maximal hip muscle strength has
been widely adopted clinically to quantify strength
profiles,5-8 to monitor progression and efficacy of
treatment,9,10 and as part of prevention strategies 11
and risk stratification.12,13 Furthermore, assessment
of maximal hip muscle strength has been applied to
evaluate the efficacy of various hip strengthening
protocols.2,3
In addition to the assessment of maximal muscle
strength, assessment of rate of force development,
defined as the change in force over time (Newtons
per second) may also have important clinical implications for patients and athletes.14 Additionally,
assessment of rate of force development may be
more sensitive to detect deficits in neuromuscular
function14-16 and may be more associated with certain explosive sport-specific activities14,17 compared
to measuring maximal muscle strength alone. As
most physically active subjects with longstanding
hip and groin pain often aim to return to vigorous
sport activities1,18 assessment of hip muscle rate of
force development could be a relevant parameter
to monitor during treatment. However, in subjects
with longstanding hip and groin pain, assessment of
hip muscle rate of force development data has only
been conducted sparsely.19 A reason for this may be
the lack of easy and clinically available procedures
to measure rate of force development, which traditionally have been performed using isokinetic dynamometry.15,16,19 The use of a handheld dynamometer
with the ability to track force over time may, however, provide an easy, inexpensive, reliable, and
valid way to quantify rate of force development in
hip muscles.20 Such devices have been available for
clinicians for many years, but have so far not been

investigated widely in relation to their use for obtaining valid and reliable rate of force development measures of the hip muscles in a clinical setting. Thus,
only a single study by Mentiplay et al.20 have investigated this, showing high intra-tester reliability and
concurrent validity, compared to isokinetic dynamometry, of hip muscle peak rate of force development obtained during a 200 ms time window.
However, as the muscle force generated in a certain
time epoch (e.g. 0-100 ms vs. 0-200 ms) is associated
specifically to intrinsic contractile properties and/
or peak muscle strength, respectively,21 evaluation
of different time epochs for hip muscle rate of force
development is needed to get a detailed quantification of muscular function.14 Furthermore, as the hip
testing positions in Mentiplay et al.20 was performed
without external fixation of the handheld dynamometer, this may easily affect reliability and validity if
testing is performed in strong and explosive individuals, such as athletes, where the muscle strength
of the athlete may exceed the tester’s strength.22
However, such bias can be effectively eliminated by
external fixation of the dynamometer.2
The purpose was to investigate the reliability of a
clinically available set-up using an external-fixated
hand-held dynamometer to test isometric peak force
and rate of force development of the hip abductors,
adductors, flexors, and extensors.
METHODS
Study design
The present study investigated intra-tester intra-day
reliability of peak force, 0-100 ms rate of force development (RFD100), and 0-200 ms rate of force development (RFD200) for assessment of the hip abductors,
adductors, flexors, and extensors, using an externalfixated handheld dynamometer. All tests were conducted by a single experienced tester (LI) who has
been part of the development of the testing protocol. Subjects were included by a convenience sampling based on advertisement at the Physiotherapy
Department at Metropolitan University College,
Denmark. The reporting follows the Proposed Guidelines for Reporting Reliability and Agreement Studies
(GRRAS).23 Approval was obtained by the Ethics Committee of the Capital Region, Denmark (16041360)
and the Data Protection Agency (AHH-2017-091). All

The International Journal of Sports Physical Therapy | Volume 14, Number 5 | October 2019 | Page 716

subjects gave their informed consent in accordance
with the Declaration of Helsinki.
Subjects
Seventeen subjects (males: 9, females: 8, mean age
25.4 (+/- 4.2) y, mean body mass 73.9 (+/- 15.2)
kg, mean height 174.2 (+/- 12.4) cm) were included
from the Metropolitan University College, Denmark.
Subjects between 18-40 years old were eligible for
inclusion. Exclusion criteria were: any current pain
in the hip and groin region, knee, or low back that
were considered by the subject to influence their
ability to perform a maximal muscle contraction of
the hip abductors, adductors, flexors, or extensors.
Data collection
All tests were conducted in a clinical examination
room at Metropolitan University College, Denmark
by a single experienced tester (LI). Peak isometric
force, RFD100 and RFD200 of the hip abductors, adductors, flexors, and extensors were recoded using a
handheld dynamometer with a sampling frequency
of 100 Hz (Hoggan MicroFET2, Scientific L.L.C.,
Salt Lake City, USA), which was calibrated prior to
testing of each subject. Peak force was measured as
Newton (N) 2 whereas RFD100 and RFD200 were measured as Newton/second (N/s).14 The testing protocol in the present study was inspired by a previously
published standardized procedure which used an
external-belt fixation of the dynamometer and has
shown high inter-tester reliability for peak isometric hip abduction (ICC: 0.85, SEM %: 7.9), adduction
(ICC: 0.94, SEM %: 6.2), flexion (ICC: 0.76, SEM %:
10.4), and extension force (ICC: 0.95, SEM %: 5) in
healthy athletes.2
For hip abduction/adduction the person being tested
was in supine position, with the test-leg placed at
the end of the examination table, and the opposite
leg slightly flexed. The dynamometer was placed 5
cm proximal to the proximal edge of the lateral malleolus or 5 cm proximal to the proximal edge of the
medial malleolus for hip abduction and adduction,
respectively.2,3 The dynamometer was externally fixated by the tester’s hand/arm placed between the
wall and the dynamometer (Figure 1A,B).
For hip flexion the person being tested was sitting at
the edge of the examination table, with the hips in

90 degrees of flexion. The dynamometer was fixated
5 cm proximal to the proximal edge of the patella
using a rigid belt fastened to a glass suction cup
on the ground (Figure 1C).2 For hip extension the
person being tested was in prone position, with the
legs placed at the end of the examination table. The
dynamometer was placed posteriorly at the ankle
5 cm proximal to the proximal edge of the lateral
malleolus. The subject was instructed to perform a
hip extension movement, rather than a knee flexion. The dynamometer was externally fixated using
a rigid belt fastened to a glass suction cup on the
ground (Figure 1D).2 During all test procedures,
subjects were instructed to stabilize themselves by
holding on to the examination table with both hands.
Only the dominant leg was tested.
Prior to each test of the hip abductors, adductors,
flexors, and extensors, two warm-up trials at 50%
and 100% of maximal voluntary isometric force
(MVC) were performed, followed by three valid
MVC trials at the rate of one trial every 60 s. To
emphasize the “rate of force development” part of
the MVC trials, subjects were instructed, prior to
each MVC trial, to push as “fast and hard against the
dynamometer as possible, and to keep pushing until
instructed to relax” (approximately 3-4 s).14 Standardized verbal encouragement was provided during
each MVC trial by the tester, as: ‘‘3-2-1-go-pushpush-push-and relax.’’ 2,3
The force output (Newton) of the dynamometer was
transmitted to a commercial software program (TBS,
Hoggan, Scientific L.L.C., Salt Lake City, USA) via a
Bluetooth connection, and subsequently extracted to
a custom-made spreadsheet (Microsoft Excel, USA)
for analyses of peak force and rate of force development (Supplementary file). Peak force, RFD100 and
RFD200 were identified from the trial with the highest value, respectively.2 Rate of force development
was calculated as the mean change in force per second during the time intervals 0-100 ms (RFD100) and
0-200 ms (RFD200), with the onset of force (t=0 ms)
set at 6.67 N above baseline force.14
The measurements were performed in a randomized sequence, with an identical sequence used during the retest session. Subjects rested 30 minutes
between the test-retest sessions.
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Figure 1. Testing set-up for testing of A) hip adductors, B) hip abductors, C) hip flexors, and D) hip extensors. Tests for hip adductors and abductors use an externally fixated dynamometer by the tester’s hand/arm placed between the wall and the dynamometer. Tests for hip flexors and extensors use a belt for external fixation.

Statistical methods
To assess for systematic bias between test sessions,
the between-session difference in mean values
were investigated using paired t-tests with a significance level set at p<0.05. The relative reliability
was assessed using ICC (2,1, consistency definition)
with corresponding 95% confidence intervals (95%
CI). The relative reliability was interpreted as poor
(ICC<0.50), moderate (0.50≤ICC≤0.75), or good
(ICC>0.75).24 Absolute reliability was assessed as 1)
the standard error of measurement (SEM) calculated
as: SD pooled x 1− ICC 25, and 2) the SEM % calculated as:
 SEM 
 x 100.26 Furthermore, SEM % was used to

 mean pooled 

calculate the minimal detectable change % (MDC
%) at an individual (MDCind %) and group (MDCgroup
SEM % * 1.96 * 2
n
where n is the sample, respectively.25,27 All statistical
analyses were performed in SPSS (v. 23, IBM Corporation, New York, USA).
%) level as SEM % * 1.96 * 2 and

RESULTS
Participants
Seventeen subjects were included in the analyses
of hip abduction and flexion peak force and rate
of force development, whereas 16 and 15 subjects
were included in the analyses of hip adduction and
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extension peak force and rate of force development,
respectively, due to technical errors related to the
dynamometer.
Reliability
No systematic bias in peak force, RFD100 or RFD200
were observed between the two test sessions for all hip
positions (p≥0.117; Table 1). The relative intra-tester
reliability (ICC 2,1) for peak force, RFD100, and RFD200
ranged from 0.93-0.96, 0.82-0.93, and 0.85-0.92, respectively, corresponding to good reliability for all force
measures (Table 1). The absolute intra-tester reliability (SEM %) for peak force, RFD100, and RFD200 ranged
from 5.9-7.6%, 10.6-15.5%, and 7.4-14.0%, respectively
(Table 1). MDCind % for peak force, RFD100, and RFD200

ranged from 16.4-21.0%, 29.3-43.1%, and 20.5-38.9%,
respectively, whereas MDCgroup % for peak force,
RFD100, and RFD200 ranged from 4.0-5.3%, 7.1-11.1%,
and 5.0-9.7%, respectively (Table 1).
DISCUSSION
The main findings the present study were that standardized measures of hip muscle peak force and
rate of force development (0-100 ms and 0-200 ms)
for abduction, adduction, flexion, and extension
were found to have good (ICC>0.75) 24 intra-tester
intra-day reliability. To increase the application of
these findings, a spreadsheet (Microsoft Excel, USA)
for calculation of rate of force development and
peak force based on the extracted CSV-file from the

Table 1. Intra-tester intra-day reliability of peak hip strength and hip rate of force development
using an external-fixated handheld dynamometer in healthy subjects (n=17).
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MicroFET2 software (Hoggan MicroFET2, Scientific
L.L.C., Salt Lake City, USA) is freely available as a
supplementary file (www.spts.org). Thus, rate of
force development and peak force can be calculated
by copy-pasting the force-time values from the CSVfile into the supplementary spreadsheet. The fact
that both peak force and rate of force development
measures could be derived using the same test setup adds to the applicability of this test procedure in
clinical and research settings. Furthermore, the absolute reliability, SEM % <10 for peak force and SEM
% ≤15.5 for rate of force development (0-100 ms and
0-200 ms) indicate that this simple and clinical available test set-up can be applied to measure hip muscle
function with acceptable measurement error.28
In research settings, evaluation of differences or
change is often of interest at a group level.27 The
MDCgroup % in the present study suggests that group
level changes exceeding 4.0-5.3% for peak force
and 5.0-11.1% for rate of force development can be
obtained with 95% confidence,27 indicating that the
set-up can be used to detect differences or changes
in hip muscle function considered to be clinically relevant. In contrast, in the clinical setting, monitoring
of peak force or rate of force development is often
of interest at an individual level, with the MDCind %
providing a 95% probability of an individual’s true
change score.25 However, with MDCind % values ranging from 16.4-21.0% for peak force and 20.5-43.1% for
rate of force development, clinically relevant changes
or differences <10-15% may seem difficult to detect
at an individual level. It should, however, be noted
that subjects with hip pain often display large deficits
in hip muscle peak force (approx. 10-25%),19,29,30 thus
improvements exceeding the MDCind % during rehabilitation is not unrealistic. Additionally, deficits in
hip muscle rate of force development up to 51% have
been observed in females with patellofemoral pain
syndrome.15 Nonetheless, the present study findings
indicate the that test procedure is more suitable to
be used in clinical research (or at a group level) settings compared to clinical settings, where subjects
are often measured on an individual basis.
Rate of force development
The novelty of the present study is the introduction of a simple and inexpensive procedure to measure early- (0-100 ms) and late-phase (0-200 ms) hip

muscle rate of force development using an externalfixated handheld dynamometer. Of note, the intratester reliability obtained in the present study is
comparable to more expensive and time consuming
test procedures using isokinetic dynamometry.14,20
Thus, this novel procedure is feasible to be included
in clinical practice where an isokinetic dynamometer may not be readily accessible, without compromising test-retest reliability. Furthermore, the
use of an external-fixated handheld dynamometer
in the present study makes the test procedure suitable to test even strong and powerful athletes, without introducing potential bias related to the tester’s
strength.2,22
The relative and absolute reliability of the rate of
force development measures obtained in the present study are comparable to a previous report.20 In
Mentiplay et al.,20 intra-tester reliability of muscle
peak rate of force development (steepest interval
on the ascending force curve) obtained during a 200
ms time window for hip abduction, adduction, flexion and extension showed ICC (2,1) values of 0.860.94 and SEM % values of 9.52-16.85. Noteworthy,
Mentiplay et al.20 did not use external fixation of
the dynamometer indicating that hip muscle rate of
force development may be obtained reliably without implementing external fixation. However, the
findings from Mentiplay et al.20 may not be readily
implemented in clinical practice and research settings, as this procedure seems to be dependent on
the tester’s strength in relation to the person being
tested.22 In line with this, Thorborg et al.22 observed
inter-tester systematic bias in measurements of peak
isometric hip muscle force performed with a handheld dynamometer between two testers with different upper-body strength, with the weakest tester
recording the lowest force values. As peak isometric
muscle force is associated with rate of force development,21 such bias will also likely affect measures
of rate of force development.14 Furthermore, even
small alterations of the joint angle in the beginning
of the contraction, which is present if the tester is
unable to entirely fixate the dynamometer by hand,
may result in attenuation of force and compromise
rate of force development values.14 Although small
movements are unavoidable seeking to minimize
this should be prioritized when measuring rate of
force development, highlighting the merit of an
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external-fixated dynamometer versus a procedure
where the dynamometer is handheld.14
Peak force
The relative and absolute reliability the hip muscle
peak force measures are comparable to previous
research using a test set-up with an external-fixated
2,31
or handheld dynamometer.3,4,20 Similar to Mentiplay et al.,20 the results of the present study suggest that peak hip muscle strength and rate of force
development can be obtained during the same test
set-up, without compromising reliability of peak
force.2-4,31 This has important clinical implications, as
only a single test set-up and procedure is needed to
quantify both peak hip force and rate of force development. This is interesting since the present study
adopted a test instruction (“push as fast and hard as
possible”) focusing mainly on obtaining maximal rate
of force development.14 However, the peak force values obtained in the present study are comparable
to previous reports focusing only on measuring hip
muscle peak forces in healthy young subjects indicating that the peak force measures are valid.2-4,31
Clinical relevance of assessing hip
muscle function
In athletes with longstanding hip and groin pain,
restoring optimal muscular function around the
hip joint is considered highly important.1 Although,
monitoring of peak isometric hip force is a cornerstone in the management of patients with hip and
groin pain,1 this may not reflect deficits in more
demanding muscular actions, such as eccentric 5 or
explosive muscle contractions.16 Since rate of force
development is largely determined by the neural
drive,14,32,33 assessment of this parameter may have
increased sensitivity to detect important muscular
deficits beside reduced peak force.16 Furthermore,
rate force development is associated with sport performance,17,34 and therefore has important clinical
implications in physically active subjects with hip
and groin pain.1,14 Of note, impaired early- (0-100 ms)
and late-phase (0-200 ms) rate of force development
for hip extension has been observed in subjects with
femoroacetabular impingement syndrome scheduled for hip arthroscopy.19 Such deficits may contribute to impaired sport performance often noted
following hip arthroscopy for femoroacetabular

impingement syndrome.18 Thus, assessment of hip
muscle rate of force development may be used to
guide and tailor treatment and the return to sport
process. In other patient groups, assessment of hip
muscle rate of force development has also been conducted to provide detailed insights of muscular function, which can be used to guide management.15,16
For example, in patients scheduled for total hip
arthroplasty, reduced hip abductor rate of force
development in the involved versus non-involved
leg has been observed despite no between-leg difference in peak force.16
Limitations
A limitation of the present study is the inclusion of
only 17 subjects, which is considered a small sample
size for reliability studies,35 thus may have affected
error of measurements. Furthermore, no concurrent
validity analyses compared to gold standard measures of peak force and rate of force development,
that is isokinetic dynamometry, were performed.14
However, concurrent validity of peak force and rate
of force development has previously been established for handheld dynamometry with and without external fixation.20,36 Thus, as this set-up applied
an external-fixated handheld dynamometer, which
allowed no-to-minimal movement of the dynamometer during testing, good concurrent validity of the
present test procedures are expected.14,20 Finally, the
present study adopted an intra-tester design only,
however inter-tester reliability is expected to be
good due to the use of an external-fixated dynamometer.2 However, technical issues such as dynamometer placement, joint angle position, and instruction
and encouragement during testing may affect intertester reliability. Thus, focusing on these technical
aspects are considered important when introducing
different testers.
CONCLUSION
The results of the present study indicate that assessment of isometric hip muscle peak force, including
early- (0-100 ms) and late-phase (0-200 ms) rate of
force development using an external-fixated dynamometer have good intra-tester reliability when
testing the hip adductors, abductors, flexors, and
extensors. Furthermore, the test procedures showed
an acceptable measurement error (SEM %: ≤15.5).
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Thus, in clinical research settings where an isokinetic dynamometer may not always be readily
accessible, the present test procedure can be used
as a feasible alternative to reliably provide detailed
insights of hip muscle function relevant for rehabilitation of patients with hip and groin pain.
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ABSTRACT
Introduction: Assessing readiness of return to sport after procedures such as anterior cruciate ligament (ACL) reconstruction is a complex process, complicated by the pressures that athletes face in returning to sport as quickly as
possible. Advances in motion analysis have been able to demonstrate movements that are risk factors for initial ACL
injury and subsequent reinjury after reconstruction. An inexpensive, objective measure is needed to determine when
athletes are ready to return to sport after ACL reconstruction.
Purpose: The aim of this study was to compare the use of a single camera, markerless motion capture technology to
3D motion capture during lower extremity movements that pose as risk factors for ACL injury.
Study Design: Cross Sectional Study
Methods: This study assessed the validity of the Microsoft Kinect™ against an established 3-dimensional motion
analysis system in 20 healthy subjects. Knee kinematics were assessed during impact activity in the coronal and sagittal plane specifically evaluating peak knee valgus and peak knee flexion during single leg hop and jump from box
exercises. Intraclass correlation coefficients and 95% limits of agreement (LoA) were determined for each kinematic
variable.
Results: For the single leg hop, the mean absolute difference in the sagittal plane was 10.4° (95% LoA [-11.7°, 26.8°]),
and in the frontal plane was 5.31° (95% LoA [-8°, 13.9°]). Similarly, for the jump from box landing on one leg, there
was a difference of 7.96° (95% LoA [-17.7°, 21.3°]) and 4.69° (95% LoA [-6.3°, 12.6°]) respectively. For the jump from
box, two-foot land, turn and pivot, the mean absolute difference between the systems was 7.39° (95% LoA [-17.8°,
19.7°]) in the sagittal and 4.22° (95% LoA [-5.9°, 11.6°]) in the frontal plane respectively. Intraclass correlation coefficients for each activity ranged from 0.553 to 0.759.
Conclusion: The results from the Microsoft Kinect™ were found to be in poor agreement with those from a standard
motion capture system. Measuring complex lower extremity movements with the Microsoft Kinect™ does not provide
adequate enough information to use as an assessment tool for injury risk and return to sport timing.
Level of Evidence: Level III
Key Words: Anterior cruciate ligament, knee, motion analysis, movement system, rehabilitation
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INTRODUCTION
Every year, high school and collegiate athletes suffer
season ending anterior cruciate ligament (ACL) injuries. The current estimated incidence of ACL injury
is approximately 200,000 annually with an increased
risk seen among athletes competing in high risk
sports such as soccer, basketball, football, and skiing.1 Assessing readiness of return to sport after ACL
reconstruction is a complex but well-studied process
that can be complicated by the pressures that competitive athletes face in returning to sport as quickly
as possible. Current concepts in rehabilitation for
return to sport have used objective and subjective
measurements and scoring systems such as global
rating scores, Knee Outcome Survey-Activities of
Daily Living (KOS-ADL) scales, quadriceps index,
Leg Symmetry Index, and varied types of hop testing. Each of these indices provide a measure of presence or development of neuromuscular abilities that
are thought to be relevant for safe return to sport.2,3
Despite the number of assessments that have been
described, there remain few objective and reliable
measures that are cost effective, easy to administer,
and can help healthcare providers determine when
athletes might be ready to safely return to sport after
ACL reconstruction.
Over the last decade, findings from motion analysis
studies have been able to correlate functional movements with both initial ACL injury risk as well as
reinjury after ACL reconstruction.4 Postoperative
patients with decreased neuromuscular control are
threatened by movement biomechanics that are
influenced by abnormal trunk and lower extremity
movements. These high-risk movements such as
single limb landing activity and anterior and lateral
jumping progression have been shown to accentuate
post reconstruction limb deficits.4 Injury and reinjury risk can potentially be decreased by deep knee
flexion exercises, balance and proprioception training, and improved trunk and hip control avoiding
quadriceps-dominant landing techniques.4
These abnormal movements have been studied
using multiple camera systems. Though widely
used in motion analysis laboratories, these systems tend to be expensive, costing thousands of
dollars depending of the system. This makes them
impractical and unavailable in most clinical settings.

Markerless motion capture systems such as the
Microsoft Kinect™ (Microsoft Corporation, Redmond,
USA), have recently become readily available, and
are less expensive and easier to set up and use than
traditional motion capture systems that require subjects wear retroreflective markers to track kinematic
segments. The Brekel software and Kinect™ hardware can be purchased together for just under $200.
These systems have been recognized as an appropriate tool for motion analysis in gait, trunk control,
and standing balance.5,6
The aim of this study was to compare the use of a
single camera, markerless motion capture technology to 3D motion capture during lower extremity
movements that pose as risk factors for ACL injury.
It was hypothesized that the markerless motion
capture would provide similar accuracy to standard
methods for assessing important lower extremity
motions related to ACL injury and rehabilitation.
METHODS
Twenty healthy volunteers were recruited to participate in the study. There were six females and 14
males, age 30.8 years (SD 5.9), height 1.75m (SD
0.1), weight 75kg (SD 12.2) all of whom were free
of any physical limitation that could prevent them
from jumping and landing on one or both legs. Each
subject signed an informed consent form approved
by Medical Ethics Committee of the University
of Washington Internal Review Board in Seattle,
Washington.
Coronal and sagittal plane knee kinematics were
assessed during impact landing activities. These
activities were: 1) dropping from a box that was 30
cm in height and landing on a single leg, tested bilaterally; 2) dropping from the same box, landing on
both feet then pivoting 90° using the test leg to push
off to the ipsilateral side, tested on both legs; 3) and
single leg hops tested on both legs. Each of these
activities and measurements were chosen based
on previously validated motions that would demonstrate deficiencies in ACL deficient and at-risk
populations.7
Each motion was concurrently recorded using an
8-camera motion capture system (Vicon Motion
Systems Ltd, Oxford, UK) using Nexus software
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(Vicon Motion Systems Ltd, Oxford, UK) and concurrently using Microsoft Kinect ™ (Microsoft Corporation, Redmond, USA) using Brekel Kinect™
software (Brekel 3D, Amsterdam, The Netherlands).
Each subject wore form fitting athletic attire and
was affixed systematically with reflective markers
on the lower extremities and trunk. The Kinect™
sensor was placed directly in front of the subject
approximately 2.5 meters away as they performed
the activity. (Figure 1) Each subject performed five

repetitions of the three previously described activities. Each of the activities were performed on both
legs and recorded as separate data for analysis, not
comparing the right leg against the left. Prior to performing each exercise, the subject was asked to perform a series of three stomps with their right leg.
This allowed the two measurement datasets to be
temporally aligned.
Data processing and analysis
Marker data were processed using Visual3D
(C-Motion Inc., Germantown, MD). All kinematics
were evaluated using the laboratory coordinate system. Peak knee valgus and peak knee flexion during
single leg hop and jump from box exercises was evaluated. Two-way, absolute agreement, single measures intra-class correlation coefficients (ICC) were
calculated (Table 1) and Bland Altman plots were
produced including 95% limits of agreement (LoA).
RESULTS
Intra-class correlation coefficients are presented for
each exercise and variable in Table 1. These ranged
from 0.553 to 0.759, representing good agreement.
Overall, the Kinect™ was found to systematically
underestimate the peak values for knee kinematics.

Figure 1. Testing setup with subject wearing markers and
orientation of both Kinect system and Vicon cameras.

The single leg hop saw the largest differences
between the two systems, with the mean absolute
difference in the sagittal plane being 10.4° (95% LoA
[-11.7°, 26.8°]), and in the frontal plane 5.31° (95%
LoA [-8°, 13.9°]). The Bland Altman plots for these
results are presented in Figure 2.

Table 1. ICC’s and 95% CI’s for kinematic measures.
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Figure 2. Bland Altman plot of knee ﬂexion (left) and valgus (right) for one leg hop exercise. The x-axis represents the mean value
of the measurement and the y-axis the difference between systems. The bold horizontal line is the mean difference between systems
while the dashed horizontal lines are the 95% limits of agreement.

Figure 3. Bland Altman plot of knee ﬂexion (left) and valgus (right) for jump from box, landing on one leg exercise. The x-axis
represents the mean value of the measurement, and the y-axis the difference between systems. The bold horizontal line is the mean
difference between systems while the dashed horizontal lines are the 95% limits of agreement.

For the jump from box landing on one leg, the mean
absolute differences between systems were 7.96°
(95% LoA [-17.7°, 21.3°]) in the sagittal plane and
4.69° (95% LoA [-6.3°, 12.6°]) in the frontal plane.
Bland Altman plots are presented in Figure 3.

the systems being 7.39° (95% LoA [-17.8°, 19.7°]) in
the sagittal and 4.22° (95% LoA [-5.9°, 11.6°]) in the
frontal plane. Bland Altman plots are presented in
Figure 4.

The jump from box with a turn and pivot demonstrated similar differences and variability between
systems, with the mean absolute difference between

DISCUSSION
It is estimated that up to 350,000 ACL reconstruction surgeries are performed every year.8 Even with
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Figure 4. Bland Altman plot of knee ﬂexion (left) and valgus (right) for jump from box, landing on both legs then pivoting. The
x-axis represents the mean value of the measurement, and the y-axis the difference between systems. The bold horizontal line is
the mean difference between systems while the dashed horizontal lines are the 95% limits of agreement.

appropriate reconstructive surgery, recovery, and
rehabilitation the risk of re-injury remain as high
as 37%.2 Of the athletes that do return to sport, as
few as 50% will return to their pre-injury level of
play up to three years later.9 Numerous studies have
attempted to establish criteria for return to sports.10
Hop tests, jump tests, and lower extremity functional tests each attempt to identify residual deficits
in the symmetry of the patient’s quadriceps/hamstring balance and neuromuscular control.11,12 Still,
there are limited objective measurements that can
easily be obtained in the clinical setting to determine an athlete’s readiness to return to the playing
field. This pilot study, using a healthy surrogate population, has attempted to use simple motion analysis to evaluate the biomechanics about the knee
during high impact activity. The goal of the study
was to evaluate an inexpensive and easily transportable system that can compare to the “gold standard”
Vicon motion analysis in assessing knee kinematics,
with the hope that it could potentially translate to
an objective strength and proprioceptive assessment
when comparing to the patient’s uninjured limb or
even pre-injury assessment.
Previous literature has predicted a second ACL
tear both in previously reconstructed knees as well

as the contralateral knee based on biomechanical
screening.13 Neuromuscular control and proprioceptive training have significantly decreased the incidence of injury and reinjury especially in female
athletes.14–16 A valgus moment imposed on an at-risk
knee is commonly associated with ACL rupture. One
of the goals of this study was to determine whether
the Kinect™ system was able to measure knee valgus
to a similar degree of accuracy as the 3-dimensional
gold standard for motion analysis, the Vicon system.
The Kinect™ was also used to examine sagittal plane
positioning of the knee. Young athletes that demonstrate quadriceps strength asymmetry one year after
returning to sport status post ACL reconstruction
continue to demonstrate decreased knee-related
function and lower proportions of functional recovery.17 The Kinect™ was used to assess peak knee
flexion with impact activities as a correlate of quadriceps and hamstring symmetry. Previous research
has determined this asymmetry to place athletes at
high risk of primary rupture and graft re-rupture
after primary reconstruction.18–20
Regarding the use of Kinect™ and low impact activity, it seems that there is evidence to validate its use
clinically. This inexpensive tool has been used reliably in gait and postural control analysis in children,
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adults, and patients with Parkinson’s disease.5,21,22
The vertical drop jump has been previous studied
using the Kinect™ V2 software,23 the authors finding
95% reliability based upon their intra-class correlation coefficients of 0.84 and 0.95 with knee valgus in
a validity study. Within the data presented for both
sagittal and coronal planes, the Kinect™ underestimated peak values as compared to the gold standard,
Vicon. In this study, the accuracy of the Microsoft
Kinect™ when peak coronal and sagittal knee movement was compared to the Vicon motion analysis
system proved to be poor. This data suggests that the
Kinect™ cannot be validated for use in the clinical
setting for high impact activities, as other authors
have suggested.5,21-24 Use of the Kinect™ for high
impact activity and ACL testing throughout the literature shows significant variability, making its use
unreliable. Specifically, for knee movement the
Kinect™ has reliability coefficients ranging from
0.44 to 0.88.24 Though this study was not designed
to compare reproducibility or reliability of a specific
motion, the presented data cannot reproduce the
previously cited reliability coefficients. Intra-class
correlation coefficients were calculated at peak knee
flexion, but none were above ICC > 0.76. In both
valgus moment and flexion measurements, the subjects showed up to 20 degrees of difference between
the Vicon and Kinect™. Returning an athlete to high
level sport after an ACL injury based on an assessment tool with this level of inaccuracy would warrant extreme caution.
Regarding limitations, this was a pilot study with a
relatively small cohort. Other than sample size, this
study’s limitations include using a healthy male
dominant population when ACL injuries are found to
occur in females at a disproportionately higher rate
than males. In order to justify the use of the Kinect™
as an assessment tool to guide return to sport, an
assumption has to be made regarding the degree
of difference that would be acceptable between
it and the gold standard. Though this study shows
statistically significant difference in the degree of
measurement, it does not prove any clinical significance. People at-risk of ACL injury may or may not
have a greater magnitude of angular deformity than
healthy control subjects but the findings suggest
that the Kinect™ is not sensitive enough to measure

differences that would be acceptable for high level
athletes. Lastly, as the Kinect™ program has been
discontinued by Microsoft, there is growing concern
for its availability for utilization as a clinical tool,
though hopefully this data does inform the next generation of markerless motion capture systems.
CONCLUSION
While the Kinect™ has validity for use in motion analysis in low impact activity, it demonstrated poor validity when compared to 3-D motion analysis during
lower extremity impact activity and complex movements. The use of Microsoft Kinect™ as a method to
assess risk of injury and readiness of return to sport
is not recommended in high level athletes. The Vicon
multicamera system remains the gold standard of
complex lower extremity motion analysis.
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ABSTRACT
Study Design: Repeated measures
Background: Both clinicians and researchers often utilize treadmills to analyze spatiotemporal and biomechanical factors during running. However, there is question of whether or not treadmill running mimics
overground running. The development of new wearable technology, such as pressure sensor insoles, presents an opportunity to compare the two running conditions.
Purpose: To compare the spatiotemporal factors between overground and treadmill running in collegiate
runners, using pressure sensor insoles.
Methods: Twenty-one collegiate runners (age 20.1 ± 1.5 years, 81% female) were recruited from a Division
I Cross Country team. Subjects participated in two 15-minute testing sessions. During the first session,
subjects ran at their “easy run pace” for 200 meters, while wearing pressure sensor insoles. During the
second session, subjects ran at a speed-matched pace on a treadmill for one minute at a level grade, and
one minute at a 1% incline. Cadence, stance duration and swing duration were processed using Moticon
Science Pro+ software (Munich, DE). Data between overground and treadmill running was compared
using repeated measures analysis of variance with α= 0.05.
Results: Compared to overground running, level and incline treadmill running was associated with
increased cadence (mean difference [MD]=3.55-3.22 strides per minute; p< 0.01), decreased stance duration (MD=14-16 ms; p< 0.01), and decreased swing duration (MD=11-12 ms; p< 0.05).
Conclusion: In collegiate runners, overground and treadmill running differ in spatiotemporal comparisons.
Levels of Evidence: 3
Key Words: Cadence, cross country, pedobarometry, running injury, movement system
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INTRODUCTION
Overuse injuries are unfortunately common in
runners. The overall incidence of running-related
injuries (RRI) ranges from 7.7 to 17.8 per 1000 exposure hours.1 Many extrinsic risk factors have been
hypothesized to contribute to RRIs, such as training
error, running surface, and running mode.2-4 Intrinsic risk factors such as genetics, biomechanical and
spatiotemporal running variables have also been
investigated.2,5,6
Spatiotemporal factors of running include stride
length, speed, cadence, stance duration and swing
duration. A complete stride cycle typically consists
of 30-35% stance phase and 65-70% swing phase.7
Stance duration, also known as ground contact time,
is inversely proportional to running speed, while
swing duration is directly proportional to speed.7
Cadence, defined as number of strides per minute,
can affect running mechanics, such as stride length,8
tibial acceleration,9 and foot inclination angles,9
thus altering braking forces and overall stresses to
the lower extremity.10,11 These changes are thought
to affect the distribution of forces in the foot, knee,
and hip, which can have implications for therapeutic settings.5,12
Treadmills serve as a useful tool for both clinicians
and researchers. Clinicians can utilize treadmills for
gait analysis and gait retraining. Due to advancements in video technology, clinicians can analyze
various 2D kinematic and spatiotemporal data during treadmill running.13 Additionally, treadmills
are a common platform for gait retraining, such as
cadence training9,11,14 and various motor learning
strategies.15-17 Researchers also utilize instrumented
treadmills for running analysis.18 However, there is
question of whether or not treadmill running resembles overground running. Several authors have found
both similarities and differences in biomechanical
and spatiotemporal factors between the two running
conditions.12,18-21 Yet, several limitations confound
the comparison of overground versus treadmill running, as described below.
Investigators have faced challenges in consistently
measuring natural running form during overground
running. For example, Riley et al19 and Cronin et
al21 implemented short, 15-meter runways, which

reduced the likelihood that participants ran with natural, “steady state” technique. Researchers have also
reported variability in intra- and inter-trial running
speeds, and when matching running speeds between
overground and treadmill running.19-22 Furthermore,
there is risk of a “targeting effect,” in which subjects
alter their technique to aim for the force plates.23
Due to these limitations, more research is needed
to validate the previous claims comparing these
running conditions. Finally, there is some speculation that treadmill running with approximately 1%
incline mimics overground running better than level
treadmill running, but the authors are not aware of
any studies that support this claim.
Wearable technologies such as plantar pressure
sensor insoles, present a novel, unique method to
compare natural running patterns in unrestricted
environments with treadmill-based assessments.24
The Moticon wireless pressure sensor insoles (Moticon Science, Munich, DE, Figure 1) have been developed with a minimalistic design to allow subjects
to move without constraints in a natural environment. Measurement reliability and validity for these
insoles have been previously reported for walking
and running gait. 25,26 Temporal parameters of walking gait using these devices have excellent concurrent validity against the instrumented treadmill for
cadence (95% limits of agreement [LoA] = -1.39 to
1.39 steps/min), right stance duration (LoA = -35 to
17 ms), and left stance duration (LoA = -33 to 18ms),

Figure 1. Moticon pressure sensor insoles.
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as well as excellent test-retest reliability (ICC = 0.910.93).25 Additionally, stance duration during walking
and running gait has been validated against AMTI
force plates (r = 0.86-0.94, LoA = 3 to 12%) and PedarX sensor insoles (r = 0.65-0.94, LoA = 4 to 12%).26
Pressure sensor insoles may address some of the challenges that treadmill running creates for researchers
and clinicians. While some sensor insoles have been
shown to be valid and reliable, few research studies
have utilized these novel devices to compare biomechanical and spatiotemporal factors between overground and treadmill running. This research aims
to compare the spatiotemporal factors between overground and treadmill running in collegiate runners,
using pressure sensor insoles.
METHODS
Design
The cohort study utilized a repeated measures
design to compare spatiotemporal properties of
running overground, on treadmill, and treadmill at
1% incline. The study was approved by the Institutional Review Board (IRB) at the University of South
Dakota (USD). All subjects signed an IRB-approved
informed consent form prior to participation.
Subjects
Subjects were recruited from the USD Division I
Men’s and Women’s Cross-Country team. Exclusion
criteria included inability to run due to injury or illness at the time of data collection.
Instruments
The Moticon wireless plantar pressure sensor insoles
contain 13 capacitive pressure sensors that cover
52% of the insole area and create minimal disruption
to the foot-shoe interface.25 Data were recorded at a
sampling frequency of 50 Hz. Five pairs of insoles
were used, ranging from US men’s sizes 5.5-11.5.
Data Collection
Subjects underwent two, 15-minute testing sessions,
each two days apart. Subjects were instructed to wear
the same pair of their personal running shoes during
both sessions to ensure consistency of measurement.
During the first testing session, subjects participated
in a 5-minute dynamic warm-up routine, consisting

Figure 2. Post-test questionnaire items rating the subjects’
perceived comfort and impact of sensor insoles.

of a 200-meter jog, A-skips, B-skips, high knees, and
butt kickers. Size-matched sensor insoles were placed
in the subjects’ shoes, replacing any sock liner or
foot orthosis, in order to record spatiotemporal data.
Subjects were instructed to run one lap around a
200-meter indoor track at the pace they would run
on long-distance runs, termed “easy run pace.” During the middle, straightaway portion of the run, a
50-meter time was recorded using a laser timing system (PowerMax Speed Timer, USA) and converted
into a treadmill running speed (miles per hour) using
50
the equation [
* 2.237]. Subjects then comtime(seconds)
pleted a post-test questionnaire that included perceived impact of the sensor insoles (Figure 2).
During the second testing session, subjects underwent a similar, standardized warm-up. After this,
subjects walked on a treadmill (Woodway Pro,
Waukesha, WI, USA) at 3.0 mph for one minute in
order to acclimate to the treadmill. Next, they ran
for one minute at their matched, “easy run pace,”
according to the speed conversion from the first
testing session. Finally, the treadmill incline was
increased to a 1% grade, and subjects ran for another
minute at the same speed. Following testing, they
completed a second post-test questionnaire.
All gait-related data were processed using Moticon
Science Pro+ software (Moticon, Munich, DE).
The Gait Report Function synthesized running
data for the three running conditions: overground
(track), treadmill at 0% incline, and treadmill at 1%
incline. This function calculates spatiotemporal (i.e.
cadence, swing and stance time) and kinetic data
(i.e. center of pressure progression, foot pressure
distributions, rate and magnitude of force development). In order to maintain consistency of data, a
six-second clip was processed during the middle portion of each run.
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Data Analysis
Spatiotemporal data were analyzed using SPSS Statistics 24.0 Software (IBM, NY, USA). The Shapiro-Wilk
test was conducted to test for normality. Descriptive
statistics of the perceived impact of insoles were
obtained. A one-way repeated measures analysis of
variance (ANOVA) with Bonferroni post-hoc analysis
was conducted to evaluate the null hypothesis that
there were no significant differences in spatiotemporal variables between the three running conditions. Statistical significance was set at α= 0.05.
RESULTS
Data from twenty-one of 23 experienced, collegiate
runners (age 20.1 ± 1.5 years, 81% female, 5.8 ±
3.9 collegiate seasons) were analyzed for this study.
One subject was excluded from analysis due to technical difficulties with data acquisition. Furthermore,
the Shapiro-Wilk test revealed an abnormal sample
distribution for the right swing phase of overground
running (W=0.67, p< 0.01). Visual observation
using the Q-Q plot and boxplot revealed one outlier
due to a data processing error. After the outlier was
removed from data analysis, all sample distributions
fell within acceptable ranges.
Descriptive statistics including gender, age, body
mass index, running experience, injury, and footwear, are provided in Table 1. Table 2 provides
descriptive statistics of survey responses of patientperceived sensor insole impact on comfort and
running technique. Subjects perceived minimal discomfort while wearing the sensor insoles during the
first (1.0 ± 0.7) and second (0.9 ± 0.8) testing sessions. Running technique was minimally impacted
during the first (0.7 ± 0.6) and second (0.7 ± 0.7)
sessions.

Table 1. Descriptive statistics (n=21).

Spatiotemporal descriptive statistics and ANOVA
results are reported in Tables 3 & 4, respectively.
Running overground, treadmill at 0%, and treadmill at 1% incline had statistically significant effects
on cadence (F=47.0, p< 0.01), stance duration
(F=17.2-18.8, p< 0.01), and swing duration (F=4.26.7, p< 0.05). Figure 3 compares the mean cadence,
stance and swing duration in each runner during the
three running conditions. When compared to running overground, cadence increased by 3.55 strides
per minute (p< 0.01) during 0% treadmill running
and 3.22 strides per minute (p< 0.01) during 1%
treadmill running. However, there was no statistically significant difference in cadence between 0%
and 1% treadmill conditions. Subjects also had significantly reduced stance duration on right and left
limbs during 0% treadmill running (mean difference: R 15 ms; L 16 ms, p< 0.01) and 1% treadmill
running conditions (mean difference: R 15 ms; L 14
ms, p< 0.01). No statistically significant difference

Table 2. Survey responses to perceived impact of sensor insoles during
running. Reported as mean rating, ±SD.
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Table 3. Descriptive statistics of spatiotemporal values while running overground,
treadmill at 0%, and treadmill at 1% incline. Reported as mean ± SD, except
Stance:Swing, reported as a ratio.

Table 4. Mean differences in spatiotemporal parameters while running under
three conditions: overground (OG), treadmill with 0% incline (TM0), and treadmill with 1% incline (TM1). Results are based on estimated marginal means from
ANOVA.

in stance duration was identified between 0% and
1% treadmill conditions. Significant reductions in
right and left swing duration were observed during
0% treadmill running (mean difference: R 11 ms; L
12 ms, p< 0.05) and only left swing duration for 1%
treadmill running (mean difference: L 11 ms, p<
0.05). Right swing duration under the 1% condition
showed a trend toward reduction, but the difference
was not significant (p= 0.07). No significant difference in swing duration was found between the two
treadmill conditions.

DISCUSSION
Compared to overground running, treadmill running was associated with significant changes in spatiotemporal running factors, including increased
cadence, decreased stance duration, and decreased
swing duration. Riley et al19 found similar changes
during treadmill running in 20 healthy, young
subjects, such as increased cadence (mean difference=2.39 strides per minute, p< 0.01), decreased
stride time, and decreased stride length. Comparatively, the cadence difference in this study (3.55-3.22
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did not change, while Garcia-Perez et al27 found that
in 27 healthy recreational runners, treadmill running cadence did not change but stance duration
increased. Key differences in methodology may
explain the contradicting results. For example, both
Hong et al20 and Garcia-Perez et al27 regulated the
running speeds (3.8 and 3.3-4.0 m/s, respectively),
while this study permitted self-selected running
speeds (4.5 ± 0.4 m/s). Furthermore, Garcia-Perez
et al27 used a robust insole system with additional
equipment, such as ankle and waist units, straps,
and cables, which likely affected running mechanics.28 Additionally, Kluitenberg et al18 and Willy et
al12 found no significant differences in stance duration, but these differences may be due to testing on
a short runway (17.5-m and 25-m, respectively) and
intratrial variability in running speeds. Kluitenberg
et al18 calculated running speed based on a short, 2.5meter time, compared to a 50-meter time measured
in this study. Willy et al12 allowed for 3% variability
in running speed between overground and treadmill
conditions, while this study standardized the exact
speed. Lastly, for all studies analyzing overground
running with a force plate, a “targeting effect” could
have significantly altered the subjects’ mechanics of
a natural, steady state step while stepping over the
force plate. Thus, differences in methodology may
have led to divergent results.

Figure 3. Means of each individual runner during the three
running conditions, including (a) cadence, (b) stance duration, and (c) swing duration.

strides per minute) was nearly fifty percent greater.
The difference may be associated with running
speed. Subjects in this study ran approximately 0.7
m/s faster (4.5 m/s vs 3.8 m/s) than the subjects
examined by Riley et al,19 thus it is plausible that
the increased running speed would lead to greater
increases in cadence.
Contrary to results in this study, other authors
reported disparate associations between running
conditions. Hong et al20 found that in 16 male collegiate runners, treadmill running stance duration

Nonetheless, most of the results from aforementioned studies suggest that treadmill running
alters spatiotemporal factors when compared to
overground running.12,19,20,27 One reason for this
could be error in treadmill running speed calibration. Anecdotally, the majority of subjects in this
study expressed that the treadmill running speed,
though converted from a reliable overground running time, felt significantly faster. These comments
are similar to those reported by Rozumalski et al,22
who discussed unanimous complaints that the overground-matched speeds were too fast when running on the treadmill. Kong et al29 also found that
subjects ran 27.1% slower on treadmill than overground, when asked to match their preferred speed
between the two conditions. Biomechanically, running speed is increased by increasing step rate and
step length. The collegiate runners in this study consistently adapted to the “faster” treadmill speeds by
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increasing step rate (increasing cadence, decreasing
stance and swing duration). Unfortunately, data on
step length was unable to be collected in the current
study, which would have provided a more comprehensive spatiotemporal analysis.
This study is the first to investigate the relationship between overground running and treadmill
running at 0% and 1% incline. The results suggest
that spatiotemporal factors are no different when
running at 0% and 1% incline, therefore challenge
the preconceived notion that a 1% incline mimics
overground running better than level treadmill running. However, this study did not analyze running
kinetics, kinematics, or physiologic factors, so the
results should be interpreted with caution. Despite
similar spatiotemporal factors, no conclusion can be
made about whether a 1% incline running affects
plantar loading, joint angles, muscle activation, or
cardiovascular stress differently than level treadmill
running. A study by Swanson et al30 calculated that
treadmill running at 4.5 m/s on a 30% incline facilitated higher muscle activation during both stance
and swing phases, compared to level running. It is
possible that the degree of inclination may play a
role in the task-specific biomechanical effects, and
a minimal inclination increase (1%) may not stimulate significant, detectable changes in running.
Nonetheless, future studies should compare other
biomechanical and physiologic factors between
overground, level treadmill, and various degrees of
incline treadmill running.
With the growing popularity of treadmill running
analysis and interventions, clinicians and researchers must competently discern the appropriate
utilization of treadmill running. Indeed, many similarities between overground and treadmill running
have been reported.12,18,19,31 However, this study
explores some key differences: cadence, stance
duration, and swing duration. These noteworthy
results have significant clinical implications. For
example, if cadence is different between the two
running conditions, then the carryover effects of
cadence training from treadmill to overground running should be questioned. Future research should
continue to investigate spatiotemporal comparisons
in healthy and injured populations. At a minimum,
all stakeholders should consider the current state of

overground and treadmill running comparisons to
be incomplete and continue exploring research to
seek best practice.
Limitations
These results are generated from a small sample size.
Data from two of 23 subjects were excluded from
the study, which may have impacted the results.
Data from male and female runners were not differentiated and could be explored in future research.
Additionally, the direct effect of insole devices on
running mechanics is still under investigation. The
Moticon sensor insoles used in this study comprised
a minimalist system (only the insoles), fitting five
insole sizes to a range of shoe sizes. Thus, the insole
design and shoe-fit compatibility may have impacted
running technique, but the questionnaire responses
suggest that the insoles created minimal discomfort
or alteration of running technique (Table 2). In order
to reduce the bulk, however, the current Moticon
sensor insole system is limited by the low number
of pressure capacitors (13) and sampling frequency
(50 Hz), which may affect data processing.26 Future
advancements in technology, allowing for a larger
quantity of capacitors and higher sampling frequency, will permit more accurate measurements
in order to better analyze running. The study used
a fixed design of running overground, followed by
running on a treadmill, so the impact of sequencing cannot be overlooked. Finally, the subjects were
experienced, collegiate runners, which may suggest
altered treadmill accommodation strategies leading
to different effects on spatiotemporal running factors. Therefore, these results must be interpreted
with caution when generalizing to novice and/or
recreational runners.
CONCLUSION
The results of the current study suggest that in collegiate runners, overground and treadmill running
differ in some spatiotemporal comparisons. Therefore, clinicians and researchers should use caution
when extrapolating data between overground and
treadmill running conditions.
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ATHLETE PERCEPTIONS AND PHYSICAL
PERFORMANCE EFFECTS OF THE FIFA 11+ PROGRAM
IN 9-11 YEAR-OLD FEMALE SOCCER PLAYERS:
A CLUSTER RANDOMIZED TRIAL
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ABSTRACT
Background: Strong evidence supports the use of the FIFA 11+ injury risk reduction warm-up program among soccer
players, but few studies have investigated its impact on physical performance and movement control in athletes
younger than 12 years of age, or the athletes’ opinions of participating in the program.
Purpose: The primary purpose of this study was to measure the impact of the FIFA 11+ program on movement control [Landing Error Scoring System (LESS) and Y-Balance test (YBT)], agility, vertical jump (VJ) height, and trunk
muscle endurance compared to a standard warm-up in pre-teen female athletes over one indoor soccer season. A
secondary purpose was to assess the athletes’ tolerance and enjoyment of the program.
Study Design: Cluster randomized controlled trial.
Methods: All six teams in the U10 and U11 female divisions of a developmental-level soccer club were cluster randomized to the FIFA 11+ program intervention group or the control group. Participants in the control group continued
with a coach-determined warm-up for the duration of a five-month indoor soccer season. Pre- and post-season participants underwent physical testing using the agility T-test, Belt Mat vertical jump (VJ), and static plank tests; and two
measures of neuromuscular control (LESS, YBT). Following the soccer season, the athletes in the intervention group
also completed a bespoke Tolerance and Enjoyment questionnaire.
Results: The 11+ group (n=25) increased their mean static plank hold time by 26.1 ± 38.5 seconds compared to the
control group (n=18), who only increased by 2.1 ± 37.1 seconds (p=0.047). For all athletes, there were improvements in mean LESS score (0.6 ± 1.3, p=0.003), and T-test time (0.4 ± 0.7, p=0.001); however, YBT scores worsened
by approximately 2% from pre- to postseason. No differences were found for VJ. Athletes tolerated the program well,
but the majority described the enjoyment of completing the program as moderately low.
Conclusion: This study suggests that the 11+ program may improve some aspects of physical performance in 9-11
year-old female soccer players, but the low enthusiasm for the program could have longer term adherence
implications.
Level of Evidence: 2b
Key Words: female athletes, FIFA 11+, injury prevention, movement system, physical performance
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INTRODUCTION
Soccer (or football) is a popular sport, with 265 million players globally, including 5 million registered
in North America alone.1 Overall participation rates
have increased, especially among female players.1
Injuries sustained during soccer play can range from
5.5 to 65.8 per 1000 hours of participation and are
greater in younger (13-15 years of age) versus older
adolescents (16-18 years of age).2 Compared to male
athletes, female athletes are at higher risk of incurring certain injuries such as rupture of the anterior
cruciate ligament (ACL) of the knee.3,4 The disparity in non-contact ACL injury rates begins to emerge
around the age of 12-13 years.5 In addition to the
short term consequences of pain and disability, ACL
tears are associated with a decreased level of sport
participation6 and early onset osteoarthritis.7
Neuromuscular control of the trunk and proximal
body segments play a role in avoiding body positions (e.g., increased knee valgus) which are associated with non-contact ACL injury.8,9 Deficits in
movement control can be identified with tests like
the Y-Balance Test (YBT) and the Landing Error
Scoring System (LESS), which have shown association with increased lower extremity and ACL injury
risk in some studies10,11 and are conducive to use by
clinicians. To address movement control deficits a
number of risk reduction programs have been developed,12 including one specific to the sport of soccer.13
The Fédération Internationale de Football Association (FIFA), through their FIFA Medical Assessment
and Research Centre (F-MARC), developed the FIFA
11+ (or 11+) program which was designed to replace
a standard warm-up and targets trunk muscle endurance, strength, balance, and agility while emphasizing good biomechanical movement patterns.13 The
program continues to be endorsed by national soccer associations14 and utilized by the soccer community due to its demonstrated success in decreasing
the number of injuries by up to 39%.15,16 However,
success of the program is not universal,17 and seems
to be influenced by a number of factors, including
the frequency and duration of use.18
The 11+ program states that it was developed for
athletes 14 years of age and over;13 however, no justification for that age limit can be found and evidence
suggests that risk reduction programs are more

effective if introduced at a younger age.19 A newer
program, FIFA 11+ Kids, was developed to address
the higher frequencies of bone and upper extremity injuries in 7-12 year old soccer athletes and
has proven successful in decreasing overall injury
rates.20 However, this program is distinctly different,
in that it omits the muscle strength and endurance
exercises (e.g., front and side plank, squats, Nordic
hamstring exercise) included in Section 2 of the original 11+ program.13 Strength training is imperative
for ACL injury risk reduction.19
Limited studies have used the FIFA 11+ injury risk
reduction program with athletes younger than 12 years
of age. The predecessor to the FIFA 11+ program, the
FIFA 11, was safely used (excluding one strength activity, the Nordic hamstring exercise) to improve jumping and sprinting performance in male athletes as
young as ten years of age.21 Research has repeatedly
shown that strength-building exercises, such as those
found in Section 2 of the 11+ program, are safe and
effective for children22 despite pervasive myths to the
contrary. In fact, current thinking suggests that introducing resistance training activities at a younger age
takes advantage of a key window for optimal physical
development.23 Participating in the original 11+ program in its entirety should not place younger athletes
at risk, as the activities are monitored, scaled according to ability, and gradually increased in intensity.
Two recent studies safely employed the full 11+ program with 10-12 year old female athletes; however,
outcomes were limited to lab based biomechanical
measures.24,25 Both peak knee valgus moment and
knee valgus angle at initial contact during a jump
task showed an improvement after eight weeks of
participation in the 11+. Interestingly, younger athletes (10-12 years of age) demonstrated a significantly
greater improvement in both measures compared to
older athletes (14-16 years of age),25 indicating that
the 11+ program can be used safely and effectively
with athletes younger than 14 years of age.
In addition to injury risk reduction, the 11+ program can also have benefits directly related to skills
required on the soccer pitch, which may promote
uptake of the program among coaches and athletes.26
Improved agility,27-29 balance,28,30-32 sprint speed,28
jump height,27 and muscle strength29,33,34 have all
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been documented in soccer athletes after participation in the 11+ program. However, only one of
these studies involved female athletes,30 and those
athletes were older adolescents (13-18 years of age).
Given that the ACL injury rate disparity between
female and male athletes emerges around the age
of 12-13 years and that the early introduction of risk
reduction programs containing strength exercises
may decrease ACL injury risk, an evaluation of the
effects of the original 11+ program on female soccer
athletes younger than 12 years of age is warranted.
Therefore, the primary purpose of this study was
to measure the impact of the FIFA 11+ program on
movement control (LESS and YBT), agility, vertical jump (VJ) height, and trunk muscle endurance
compared to a standard warm-up in pre-teen female
athletes over one indoor soccer season. A secondary purpose was to assess the athletes’ tolerance and
enjoyment of the program. It was hypothesized that
the girls in the FIFA 11+ group would demonstrate
greater improvements in LESS & YBT score, agility,
VJ, and trunk muscle endurance measures compared to the control group after the soccer season
and that the program would be well-tolerated.
METHODS
Participants
The aim was to recruit all girls in the U10 and U11
age groups of a developmental level city soccer club
for participation in the study. An email invitation
was sent via club administration to the coaching staff
and parents of the six teams. Girls were excluded
from the study if they self-reported any injury or
condition that currently restricted their participation in sport. Of the 58 girls in the U10 and U11 age
groups a total of 47 expressed interest in the study,
were found eligible to participate, and completed
pre-season testing related to the study (Figure 1).
Written informed consent and assent was obtained
from the parents and athletes, respectively. The
study was approved by the University Research Ethics Board, and registered (ClinicalTrials.gov Identifier: NCT02422771) before any recruitment or
testing activities were initiated.
A parallel, cluster randomized controlled trial design
was used to compare the effects of the 11+ with a
standard warm-up. After pre-season testing and prior

to randomizing the teams, it was discovered that two
of the teams would be practicing together under the
same coaches for the duration of the indoor soccer
season and so they were treated as one team. The
resulting five teams were then randomly designated
to the 11+ intervention group (IG) or the control
group (CG) by picking each team’s name out of a
hat. Forty girls in total were required for sufficient
power to detect a difference of 1.0 in LESS score
between groups 35 (standard deviation (SD) of 1.1,36
alpha of 0.05 and desired power of 0.8).
Outcome Measures
At the beginning of October, before commencement
of the season, and again within one week of playing the last game of the indoor soccer season (early
March), all participants underwent an hour-long testing circuit at a community recreational facility. The
sessions began with measuring the athlete’s standing and sitting height, and body mass with a portable stadiometer and scale (Seca, Chino, CA), and
leg length, using established protocols.37 The athlete
then warmed-up with a standardized five minutes of
dynamic exercises including skipping and side shuffles. Testing proceeded in the order below for each
athlete. Each test was explained and demonstrated
by one of four blinded, trained assessors before
the athlete started practice trials. The same assessor supervised the same testing station at pre- and
post-testing, and participated in pilot testing prior to
the study to ensure consistency. One assessor was
assigned to each of the LESS, T-test, and YBT stations; the VJ and static plank were combined into
one station and performed by one assessor.
Landing Error Scoring System (LESS). The athlete
jumped forward off a 30 cm high box, landed on both
feet at a horizontal distance of 50% of her standing
height from the box, and then jumped straight up as
high as possible.35 The task was videotaped by two
HERO 4 Silver cameras (GoPro, Inc., San Mateo,
California, USA); one captured the frontal plane and
one the sagittal plane view. Three practice trials
were allowed, followed by a minute rest, and then
three test trials. A trial was repeated if the jump was
not completed in one smooth, continuous motion.
Intrarater reliability for the LESS is reported as
excellent.35
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Figure 1. Flow chart outlining athlete participation.

T-test for agility. The athlete sprinted forward 10 meters
(m) and touched a cone. She then side shuffled to the
left for 5 m, right for 10 m, and left for 5 m before back
pedaling to the start/finish line. Overall time was
recorded with electronic timing gates (Brower Timing Systems, Draper, Utah). The athlete was allowed
two submaximal practice runs before two test trials
were completed, separated by two minutes of rest.38
This is a reliable and valid test of agility.39
Vertical jump. The athlete stood on a Vertical Jump
Mat (Sport Books Publisher, Toronto, Canada), with a
belt clipped around her waist connecting a measuring tape to the mat. The athlete performed a countermovement jump, and the VJ height was recorded
from the tape. Two practice trials were completed

before 3 test trials. The athlete rested 15 seconds
between each test trial.21 A trial was repeated if the
landing strayed from the mat’s footprint. The jump
mat is a valid method of measuring VJ height.40
Static plank. While lying prone on a mat, the athlete
supported her bodyweight on the elbows and toes for
as long as possible. The athlete had one five-second
practice trial and a 15 second rest before one test
trial was completed. She was allowed one deviation
from the proper position as long as she corrected
herself immediately. When she was unable to hold
her body in a straight line from head to feet, the trial
was stopped and the stopwatch time recorded. This
test is a reliable and valid measure of trunk muscular endurance for this age group.41
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Y-Balance test. Using a professional YBT test kit,
(Functional Movement Systems Inc., Chatham,
Virginia) the athlete, with her shoes removed, was
instructed to stand on the left leg. The hands stayed
on the hips and the foot of the stance leg remained
in contact with the center block while pushing a
wood block as far as possible with the right leg. Four
practice trials were performed in each of the three
test directions (anterior, posteromedial and posterolateral) before three test trials were conducted.42
The protocol was then repeated on the right leg. The
maximal reach distance obtained in each direction
was summed and normalized to limb length to reach
a composite score for each leg.43 The YBT has shown
good reliability in young soccer players.44
Tolerance and Enjoyment questionnaire. Following
physical testing at the end of the season, athletes
completed a five-minute questionnaire (Appendix
A) concerning their perceptions of the 11+ program.
The questionnaire was created specifically for this
study, with the 7-point scale regarding perceived
pleasantness of the 11+ program adapted from a previous study.45 Each girl completed the questionnaire
individually after instructions were provided by one
of the study staff. Numbered printouts showing pictures of all the FIFA 11+ exercises were used by the
athletes to identify the components of the program
they found the easiest and hardest to complete, their
most and least favorite exercises, and any exercises
they could not complete.
Intervention
The 11+ program13 consists of 15 exercises broken
into three sections; 1) slower running drills incorporating dynamic stretching, 2) strength, agility, balance, and jumping exercises, and 3) faster sprints
including cutting maneuvers. The program is
designed to replace a traditional warm-up and is purported to take 20 minutes to complete.13 With these
younger girls, it usually took closer to 30 minutes to
complete the entire warm-up. Throughout the exercises, emphasis was placed on maintaining a flexed
athletic stance, good knee alignment, and soft landings.13 The IG teams in this study followed the full,
original 11+ program.
The week after baseline testing was complete, three
members of the research team (who are registered

physiotherapists) attended a practice for each of
the IG teams. After explaining and demonstrating
the exercises, the athletes and the coaches were led
through the 11+ program. Coaches were given a laminated 11+ manual46 and instructed to guide the athletes through the full warm-up prior to all practices,
and Sections 1 and 3 of the program before games.13
Teams were scheduled to have one to two practices
and one game per week. A physiotherapist attended
a team practice about once per week to answer questions, and monitor the program, but the coaches
directed the warm-up. The athletes were progressed
in the difficulty of the exercises as a group, as soon
as each girl showed proficiency at each level. The
coach made the decision when to progress an exercise with occasional input from the physiotherapist.
The girls were instructed to do the more basic exercise if they couldn’t perform the progressed version.
The two CG teams performed coach-determined
warm-ups, lasting about 10 minutes. All teams in the
study used an attendance monitoring system (TeamSnap, Inc., Boulder, CO) from which the number of
practices and games attended by each athlete was
estimated.
Statistical Analysis
Data were analyzed using IBM SPSS Statistics 22 (IBM
Corporation, Armonk, NY) and SigmaPlot 12.5 (Systat Software, Inc., San Jose, CA). Data were checked
for normality and demographics for the participants
were calculated using mean ± standard deviation
for normal data, and median (range) for non-normal
data. As a measure of physical maturity, years away
from Age of Peak Height Velocity (APHV) was calculated using a validated protocol.37 Baseline demographics and attendance were compared between
groups using parametric (independent t-tests) or
non-parametric (Mann-Whitney U tests) analyses as
appropriate.
For the LESS test, the video of the initial jump landing was scored using a 17-point scale35 by a blinded,
trained assessor after all pre- and post-testing was
complete. The average LESS score of the three test
trials for each participant was used in analyses. The
fastest time for the T-test,31 the best of the three test
trials for the VJ,47 and the total plank hold time,41
were used in analyses for the other performance
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outcomes. Pearson Product Correlation Coefficients
were calculated to identify possible covariates to be
used in analysis of the primary outcome variable
(LESS score). Separate two factor Mixed Model Analyses of Variance (ANOVA) were used to compare
LESS, YBT, agility, VJ, and trunk muscle endurance
of the groups over time. The influence of previous
exposure to the FIFA 11+ program on LESS scores
was examined by removing those athletes with prior
experience and repeating the Mixed Model ANOVA.
Significance was set at p ≤ 0.05. Effect sizes were calculated for each variable for each group using baseline and post-season values.48 For the questionnaire
responses, the exercises they reported as hardest,
easiest, most, and least favorite, and the rating of
how pleasant the athletes found the 11+ program,
were collated using descriptive statistics.
RESULTS
The data for the 43 athletes who completed both
test sessions (Figure 1) were used in analyses for the
physical tests, except for the YBT, where data were
available for only 39 athletes. One athlete was unable
to complete the post-test YBT due to an injury suffered outside the study, and three athletes, because of
time constraints, did not undertake the YBT at pre- or
post-testing. Data from the 25 athletes in the IG were
used in analyses of the questionnaire responses, with

the exception of question #2, where one athlete provided more than the three requested answers.
Participant demographics can be found in Table 1.
Baseline age, height, mass, and APHV, as well as
attendance rates, were not significantly correlated
with change in LESS (Table 1) and so were not
included as covariates. Eleven girls (CG=6, IG=5)
reported participation in the 11+ program within
the six months prior to the start of the study. Removing them from analyses did not change the results
for the primary outcome measure (decrease in LESS
score with time for all athletes, p = 0.003; no significant interaction, p = 0.53), so they were included in
the final results.
There were no differences found between the groups
in LESS or YBT scores, T-test time, or VJ height after
the indoor soccer season (Table 2). However, static
plank hold time in the IG increased significantly,
and demonstrated a medium effect size49 compared
to the CG. All the girls, regardless of group, improved
their LESS score and T-test agility time over the
indoor season; however performance on the YBT
decreased (Table 2). Effect sizes for these outcomes
can be considered small.49
About half of the athletes described the 11+ program as “slightly pleasant”, “neither pleasant or

Table 1. Participant Characteristicsa
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Table 2. Movement Control and Performance Resultsa

often reported as the girls’ favorite exercise (Figure
4). Of the girls who reported an inability to complete
all the exercises, five described not being able to do
one exercise and one girl reported an inability to do
four exercises (Figure 5). None of the girls reported
an inability to complete the eccentric hamstring
exercise.

Figure 2. Rating of FIFA 11+ program.

unpleasant” or “slightly unpleasant” (Figure 2).
Ninety-four percent of the exercises reported as
the hardest to complete were from Section 2 – the
strength, plyometrics, and balance components
(Figure 3). In contrast, when reporting the easiest
exercises, there was a relatively even distribution
between Section 1 and Section 2 exercises (Figure
3). Movements that involved a partner were most

DISCUSSION
This study is the first to investigate the physical performance effects of the FIFA 11+ program on 9-11
year-old female soccer players. All athletes tolerated
the intervention well and were able to participate in
every exercise at some level.
LESS Score
The girls in the IG did not demonstrate better LESS
scores compared to the CG after participation in the
11+ program; both groups improved overall. No studies could be found that used LESS score to gauge the
effect of the 11+ program on neuromuscular control; however, similar interventions that included
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Figure 3. Self-reported hardest and easiest FIFA 11+ exercises (three per athlete).

Figure 4. Self-reported favorite and least favorite FIFA 11+ exercises (1 per athlete). * denotes exercises that involve a partner.
The International Journal of Sports Physical Therapy | Volume 14, Number 5 | October 2019 | Page 747

injury, based on previous research that proposed a
score of 5 as the cutoff point.10 Although the teams
were playing at the developmental level, they would
not be classified as “elite” athletes, as found in the
Padua et al. study,10 and so the relevance of this
risk classification to the current study population is
unknown. Nevertheless, it is worthy of note, particularly as previous work suggests that neuromuscular
control deteriorates with age in female athletes.51

Figure 5. Left: Individual athlete responses to “Were there
are any FIFA 11+ exercises you were unable to do?”. Right: If
“yes”, exercises the athletes reported an inability to complete.

stretching and strength exercises have improved
LESS score in youth soccer athletes.50 Previous work
using 3-D motion analysis measures of neuromuscular control in 10-12 year old female soccer athletes
found a significant improvement in knee valgus
moment during a jump task after participation in
the 11+ program compared to a control group.24 Both
knee valgus moment and peak valgus angle during a
jump task improved significantly more after the 11+
intervention in the 10-12 year old athletes compared
with the 14-18 year old age group.25 Results for other
outcomes in these studies varied; peak knee valgus
moment during unanticipated cutting worsened
after participation in the 11+ program, and the control group significantly improved knee valgus angle
during a cutting activity compared to the intervention group.24 These results suggest that the 11+ program is successful in achieving improved movement
control when landing from a jump, but this may not
carry over into cutting activities. Indeed, the 11+
includes more jumping activities than planting and
cutting tasks.13 Considering that soccer commonly
involves cutting to change directions, more emphasis may need to be placed on developing safe movement patterns specific to that task.
The LESS scores in this study (>6) suggest that all
the athletes were at greater risk of sustaining an ACL

YBT
Contrary to a previous study involving adolescent
female athletes,30 participants did not show an
improvement in YBT score after the 11+ intervention. In fact, performance on this test worsened
from pre- to post-test for all the soccer athletes.
Steffen et al.30 found that improvement on this test
only occurred among athletes who were most highly
adherent to the program (on average 2.2 times per
week). Frequency of exposure of the athletes to the
intervention averaged 1.3 times per week in the current study. Test day conditions, including fatigue
levels, and nutrition and hydration intake, were not
monitored, and may also have played a role in the
decrease in scores.
T-test
In a previous study of male adults,31 no improvement
in agility was observed after a nine week intervention. The groups in the current study did not differ in
the change in T-test time; both groups showed faster
test times after the intervention period. Agility and
speed are skill-related physical fitness components
that require specific stimuli to develop.52 The warmup activities in both the groups may have provided
appropriate stimuli for improved performance, perhaps influencing the 2-3% improvement in T-test
time observed in all athletes.
Vertical Jump
No difference between groups or with time was
observed in VJ performance, comparable to results
found with female high school soccer athletes participating in the precursor to the 11+ on average 1.5
times per week.53 In contrast, VJ increases were found
in adult male athletes using the 11+ warm-up,27,28
and 10 year old soccer players employing a similar neuromuscular training program.21,54 Frequency
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of training was 2-3 times per week in those studies, compared to 1-2 times per week in the current
study. The VJ is an indirect measure of leg power (a
combination of force and velocity).55 The emphasis
during the jumping exercise in the 11+ program is
on maintaining proper neuromuscular control and
alignment of the knees and the body. Athletes complete two sets of repeated jumps for 30 seconds, with
instructions to slowly flex and pause at the end of
the descent. This was likely an insufficient stimulus
to increase muscular power, especially with the low
frequency of training in this study.52

perspective in the design of injury risk reduction programs. Questions regarding athletes’ opinions on the
11+ program were recently included on study questionnaires;45,57 however, it seems the results have not
yet been reported. Traditionally, the coach has been
the target for disseminating injury risk reduction
strategies,59,60 but if the interest of the athletes is not
considered, the appetite for conducting the program
may soon diminish. Coaches report low confidence
in the ability to sustain the use of the 11+ program if
athletes do not enjoy the selected exercises, regardless of their proven injury risk reduction effect57.

Static Plank
Previous studies of FIFA programs21,29 did not find
group differences when assessing trunk muscle
endurance via static plank in male youth athletes.
Conversely, the increase in static plank hold time
was significantly greater in the IG compared to the
CG. “The 11” program used by Kilding et al.21 prescribes about half of the static planking repetitions
of the 11+ program, and the interventions in both
studies21,29 lasted only four to six weeks compared to
the five month duration of the soccer season in the
current study. The advantage of the 11+ program is
the inclusion of strengthening and proximal control
exercises in Section 2. These types of exercises are
necessary components of injury risk reduction programs for young female athletes.56 Unfortunately,
because this section of the program takes the longest
to complete, and the exercises can be very challenging for athletes,21 it is often the portion that is omitted if time is limited.

Limitations & Future Research
A number of limitations should be considered when
interpreting the results of this study. First, the Tolerance and Enjoyment Questionnaire did not undergo
validity or reliability testing before use; future investigation in this regard is warranted. Second, the parents and coaches were asked to regularly update
attendance via a team management app (TeamSnap,
Boulder, CO). The number of athletes who completed the 11+ program if they attended practice
(adoption)61 was not officially monitored. However
at the observed practices, if athletes were present,
they completed the program. The only exception
was if an athlete arrived late and missed part of the
warm-up. This was not recorded.

Tolerance and Enjoyment questionnaire
Mirroring previous findings related to “the 11” program,21 the majority of athletes in this study described
the pleasantness of completing the FIFA 11+ program as moderately low. The fact that the 11+ program often took 30 minutes to complete may have
contributed to the low rating, especially considering
the younger age of these athletes, for whom focus
and concentration was an issue at times. This lack
of enthusiasm demonstrates that players identify personal barriers to completion of the 11+ program, compared to coaches who report logistical barriers such
as time and space as most significant.57 Few authors58
have singled out the importance of the athletes’

In addition, the CG coaches in the current study proceeded with the warm-up they had planned for the
season. At two observed CG practices, the approximately 10 minute warm-up consisted of agility drills,
plyometric movements, and running drills incorporating dynamic stretches. The similarity in some
of the exercises between the CG and IG may have
affected the ability to distinguish a difference in
physical performance between groups.
Challenges were encountered with the initial intent
of exposing the IG to the 11+ program at least two
times per week. Practices were sometimes cut short
by school activities, which received precedence
over external gym bookings. In those cases, the IG
coaches shortened the 11+ program (with Section
2 exercises often the ones eliminated) in order to
devote more time to soccer specific drills. Finally,
there was no control for cluster randomization in
this study, due to the limited sample size.
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These findings may not be generalizable to athletes
of different playing levels or young male athletes,
and so exploring the effect of the 11+ program with
these populations in future research is warranted.
Given that more than half of the athletes in the
current study did not find participation in the 11+
program overly pleasant, investigation into factors
that would promote adherence to the program in
younger soccer players would also be of benefit.
CONCLUSION
Female soccer athletes as young as nine years old
can participate fully in the FIFA 11+ program and
the warm-up can better improve trunk muscle
endurance compared to a standard dynamic warmup over an indoor soccer season. Improvements in
LESS scores and agility times are similar to those
seen with a standard warm-up, but balance abilities decreased among all athletes. Although the
11+ program often requires more time to complete
than a standard warm-up, strong evidence supports
its ability to prevent injury.15,16 By choosing the
11+ program, this study suggests that female athletes under the age of 12 may also experience some
physical performance benefits from the program;
however, athletes’ perceptions of the program
should be considered when planning for longer
term adherence.
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ABSTRACT
Background: Accurate assessment of recovery following mild traumatic brain injury in adolescents can be difficult. When compared to single-task models, dual-task models that combine cognitive and motor demands may more accurately identify residual
deficits that manifest during daily life and athletic play in adolescents with concussion. Previous studies have examined gait
changes during a concurrent auditory task, or cognitive task.
Purpose: The purpose of this study was to collect and present data from a sample of healthy 14-18 year old male and female athletes on spatiotemporal parameters of gait for walking with and without a concurrent visuospatial memory task presented on a
hand-held tablet.
Study Design: A two-way repeated measures study of spatiotemporal gait parameters in a cross-sectional convenience sample of
adolescent subjects participating in high school athletics.
Methods: Subjects comprised a total of 178 adolescent athletes (128 males; 50 females) ages 14-18 years old at six area high schools.
Subjects were instructed to walk “how you normally do” on the GAITRite® portable gait analysis walkway for three undivided and
three divided attention trials performing a visuospatial memory task on a hand-held tablet.
Results: Significant differences (p< 0.0001) were present between males and females during typical gait in each of the measured
parameters except step length (p = 0.0715). Female participants walked with a significantly faster gait velocity (by 0.21 m/s) than
male participants (p< 0.0001). The females spent a significantly smaller (-2.27%) percent of the gait cycle in double limb support
(p< 0.0001) and a significantly greater (+1.10%) percent of the gait cycle in single limb support (p< 0.0001) than did the males.
Both groups experienced a similar, dual-task cost during the divided attention trials (p< 0.0001) for each of the four gait parameters. Previous studies have shown that adults decrease their gait velocity by approximately 33% when performing a task on a
hand-held device. The current study revealed that adolescents decreased their gait velocity by 8-9% by shortening their step length
by 7.4 centimeters (p< 0.0001), increased the percent of the gait cycle spent in double limb support (2.73%, p< 0.0001) and
decreased the percent of the gait cycle spent in single limb support (1.38%, p< 0.0001) during the dual-task.
Conclusion: These data provide preliminary reference values specific to the adolescent population for the dual-task cost during a
visuospatial memory task. More research is needed to determine the dual-task cost during a visuospatial memory task for adolescents with concussion.
Level of Evidence: 2b
Keywords: adolescent, concussion, dual-task, gait, movement system
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INTRODUCTION
Concussion, classified as a mild traumatic brain
injury, is a functional brain disturbance that may
be caused by a direct or indirect force transmitted
to the head.1 Concussion is the most common head
injury in athletics, and the incidence of emergency
room visits for sport-related concussion in 14-19 year
olds has increased by more than 200% over a 10 year
span (1997-2007).2-4 Sport-related concussion (SRC)
represents as many as 3.8 million reported non-fatal
traumatic brain injuries each year leading the Center for Disease Control to conclude that this type of
injury has reached an epidemic level.1,5-9
Return to activity decisions, including return to
athletic play, following concussion in adolescents
can be complicated, as clinical presentation varies
greatly across individuals. Since the consequences
of concussion can be both acute and chronic, the
need for objective, quantifiable clinical measures
by which to evaluate full recovery from the injury
is ongoing.1,5,10 Currently, the recommended assessment battery for individuals suspected to have SRC
consists of neurocognitive assessment, symptom
checklists, and a neurological assessment.10 Though
cognition, oculomotor function, gross sensorimotor,
coordination, gait, vestibular function, and balance
are all components of the recommended neurological assessment, these tests may not measure
changes in functional mobility with return to everyday activities, changes that are likely exacerbated
by the cognitive and motor demands of higher level
athletic participation.10-12
When compared to single-task models, dual-task
models that combine cognitive and motor demands
may more accurately identify deficits that manifest
during daily life as well as athletic play.13-17 If incorporated into post-concussion evaluation, these models could contribute additional, helpful information
related to recovery. Fabri et al.13 report that by comparing dual-task conditions to single-task conditions,
a poorer performance on the dual-task can suggest
that the individual has a reduced capacity to perform at baseline. This reduction in performance during a dual-task condition is the dual-task cost (DTC).
The protocols for dual-task gait activities used in the
literature vary, but two tasks, in particular, are often
paired with gait and studied for DTC: 1) auditory

Stroop Task variations or 2) modified Mental State
Exam (MSE).16 The audio variation of the Stroop
Task asks subjects to correctly identify the pitch
(high or low) of the spoken words, “high” or “low”,
despite whether the actual pitch and word are paired
congruently.16 The Single Auditory Stroop (SAS) task
plays the word one time per trial while the Multiple
Auditory Stroop (MAS) task plays the words multiple times per trial.16,18-20 The MSE includes simple
mental tasks that include spelling five-letter words
backward, subtracting consecutively by 7’s from a
randomly selected two-digit number, and reciting
the months of the year in reverse order from a randomly selected month.14,20-22 Dual-task studies, specifically using these attention tasks in combination
with a gait activity, have found that adolescents and
adults with both acute and chronic concussion have
been shown to have decreased gait balance control
demonstrating significantly altered DTC.12,14,18-25
Howell et al.18 reported that, when walking while
completing the auditory Stroop Task, gait balance
control deficits in adolescents were greater than in
young adults both initially and throughout the two
months post-injury. Greater deficits in the adolescent population could be related to the continuing,
yet incomplete, cognitive development and maturation of critical systems for postural control as well
as the ability to adapt locomotor strategies to environmental demands.26-27 Furthermore, evidence suggests that, in adolescents, gait balance control may
be affected by the complexity of the cognitive task,
indicating that dual-task models employing more
complex scenarios may be more sensitive to subtle
deficits impeding complete recovery.19-20
Regarding additional spatiotemporal parameters of
gait, Parker et al.21 found that college-aged subjects
completing the MSE while walking walked slower
up to 28 days following a concussion and with a
shorter stride length up to 14 days after the injury.
Howell et al.19 reported that when walking with a
concurrent auditory Stroop task, concussed adolescents and their controls both walked with decreased
velocity; however, the adolescents with concussion demonstrated a significantly greater DTC in
gait velocity than the age-matched controls. While
auditory stimuli processing of varying complexity
during everyday activity as well as athletic play is

The International Journal of Sports Physical Therapy | Volume 14, Number 5 | October 2019 | Page 754

imperative, dual-task assessment models combining a dynamic movement and a visuospatial memory task could reveal additional helpful information
regarding the DTC in individuals who rely heavily
on visual input.26 Martini et al.24 found that individuals with a history of concussion (mean of 6.3 years
post-concussion) adopted a more conservative gait
strategy than control subjects by increasing the time
spent in double limb support (DLS) and decreasing
the time spent in single limb support (SLS) during
dual-task walking with a visuospatial memory task,
the Brooks’ Spatial Memory Task. During the combined gait and Brooks’ Spatial Memory trials, subjects in Martini’s study who had been shown a 4x4
grid of numbers verbally recited from memory the
spatial location of the numbers while walking.24
Though their visuospatial memory was tested, their
visual field was open and the subjects had access to
the broader environment. Currently, no studies exist
examining the effect of a visuospatial memory task
during gait in adolescents with concussion. While
the literature supports the expectation of greater
DTC to a variety of spatiotemporal gait parameters
in adults with acute and chronic concussion, more
information is needed related to the DTC in adolescents with concussion.
In a 2017 Howell et al.,28 provided important insight
into normative values for healthy (non-concussed),
collegiate athletes during single-task and dual-task
gait. During the dual-task component of this study,
the athletes completed the MSE, by verbally responding to prompts while walking.28 Additionally, data in
healthy young adults walking while completing a
cognitive task on a smart phone is available.29-30 While
recent, normative spatiotemporal single-task gait
data for healthy adolescents is available,31 baseline
data for healthy adolescents combining a motor and
cognitive (visuospatial memory) task with altered
visual attention (use of a tablet or phone) during
gait is not available, despite the everyday nature of
this type of task. Tasks that involve manipulation of
an object with visual attention on the object rather
than the broader environment are commonplace
both in daily activity (i.e. texting while walking)
and in athletic play (i.e. manipulating a ball with
visual focus on the closest opponent while advancing down the court or field). An altered, or larger

than expected, DTC during a combined motor and
cognitive task post-concussion could pose a risk to
adolescents returning to daily activity and especially
athletic play with expectations to combine numerous dynamic movement requirements with diverse
cognitive processes and environments. However,
because many adolescents present for concussion
management without baseline measures, values for
clinical comparison and decision-making specific to
the adolescent population are needed.
Therefore, the purpose of this study was to collect
and present data from a sample of healthy 14-18
year old male and female athletes on spatiotemporal parameters of gait for walking with and without a
concurrent visuospatial memory task presented on
a hand-held tablet. The investigators hypothesized
that, during the dual-task efforts, all subjects would
experience a significant DTC. The investigators
also hypothesized no significant differences in the
DTC between males and females, but anticipated a
smaller DTC to gait velocity than what is reported
for adults.
METHODS
Participants
A convenience sample of 178 male (n=128) and
female (n=50) athletes, between the ages of 14-18
years old, were recruited from three area high school
football programs and three area female sports programs (primarily soccer), representing six separate
school districts. All data collection was performed in
the athletes’ school setting. Participant demographics are represented in Table 1. Participants were
excluded if they did not have a pre-participation
sports form on file with the school they attended
or if they had a diagnosed concussion within six
months prior to data collection. The Institutional
Review Board at the University of Arkansas for Medical Sciences approved the study. All participants
and guardians provided written informed consent to
participate in the study.
Protocol
Gait parameters were assessed by instructing the
participants (n=178) to walk at a self-selected speed
on the GAITRite® (CIR Systems, Inc.; Franklin, NJ)
portable gait analysis walkway for three, undivided
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Table 1. Participant demographics by age, race, and ethnicity.

attention trials and three, divided attention trials.
During each divided attention trial, a visuospatial
memory task was given to the subjects to complete
on a tablet (2016 Microsoft Surface Pro 11.5” x 7.9” x
0.33”; Taiwan, China) while walking. Participants used
a tablet rather than their own cell phones to achieve
novelty and require attention to the device. The task
(Pattern Memory by ProProfs.com available at www.
memory-improvement-tips.com), similar to the visuospatial memory tasks commonly included in the neurocognitive testing used in concussion management,
consisted of a one-second period of time to view a pattern of shapes arranged spatially on the tablet screen.
After this time period, the shapes disappeared. The
subjects then had to place the shapes in the original
position relying upon visuospatial working memory.
Subjects who typically wear corrective eyewear (e.g.
glasses or contact lens) wore them during the assessment. All subjects performed this task in the same
manner with three practice attempts to learn the task
in static stance and data collection during gait beginning at level four of the task. Additionally, the subjects
initiated the task 2.5 meters prior to stepping onto
the pathway to allow the task to continue throughout the entirety of the sensor pathway. Investigators
monitored each trial to ensure that the participant
was actively completing the task throughout the data
recording time period. If the participant failed at the
task, causing the game to discontinue during a trial,
that trial was repeated to ensure that the participant
was actively completing the task throughout.
The GAITRite® portable gait analysis walkway
and corresponding GAITRite® software recorded

temporal and spatial parameters. Prior to each participant’s trials, investigators entered leg length
data. Leg length was measured as the distance from
greater trochanter to floor for each leg. For the purposes of this study, parameters that were captured
by the GAITRite® include: gait velocity (cm/s); step
length (cm); DLS, defined as the percent of the gait
cycle (%GC) when both feet are on the ground; and
SLS, defined as the %GC weight bearing through a
single limb. The walkway is 5.186 meters long and
embedded with sensors recording footfall pressures
at 80 Hz, which allows calculation of temporal and
spatial markers of gait. The software averages the
three gait trials under each walk condition providing
means for each parameter. The GAITRite® system
has been shown to be a reliable and valid measure of
gait for healthy individuals.32
Statistical Methods
Descriptive analysis, including means and standard
deviations was used to summarize all participant
data. Normalized velocity was calculated by the GAITRite® system by dividing the gait velocity captured
by the GAITRite® (cm/s) by the participant’s leg
length (cm) and then converting the value to meters
per second (m/s) for reporting.27,32-33 Normality was
tested and assumed for all measured gait parameters. A two-way repeated measure analyses of variance (ANOVA) was conducted to explore the impact
of walk status (i.e. walking with or without the
dual task condition) and sex on spatiotemporal gait
parameters of velocity, step length, % GC in DLS,
and % GS in SLS. This analysis was conducted using
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SAS PROC MIXED with adjustments using Tukey’s
post hoc method for the pairwise comparisons
between walk status and sex for each gait parameter.
Data analysis was conducted using SAS v9.4 (SAS
Institute; Cary, NC; www.sas.com). The level of statistical significance was set at p< 0.05.
RESULTS
The means and standard deviations for single and
dual task efforts along with the average DTC and
standard deviations are summarized in Table 2.
The interaction effect for walk status and sex was
not significant for any of the four gait parameters
tested (p> 0.05) and therefore, the DTC was not statistically significantly different between males and
females for any of the tested gait parameters.
A statistically significant main effect for sex was found
for all gait parameters except step length. Male and
female adolescents, when instructed to “walk as you
normally do,” did not walk with a significantly different step length (p = 0.0715). However, on average,
female participants did walk with significantly faster
gait velocity (by 0.21 m/s) than male participants (p<
0.0001). Additionally, on average, the females spent
a significantly smaller %GC, -2.27%, in DLS (p<
0.0001) and a significantly greater %GC, +1.10%, in
SLS (p< 0.0001) than did the males. Figure 1 shows
the mean plots with 95% confidence intervals of each
gait parameter with walk status by sex.
Also, a statistically significant main effect occurred
for walk status and thus, male and female participants both experienced a significant DTC when

walking with a visuospatial memory task and altered
visual attention. The male and female participants
both significantly slowed their gait velocity by an
average of 0.21m/s and shortened their step length
by an average of 7.4 centimeters (p< 0.0001) during the dual-task condition. Also, both males and
females significantly increased the %GC spent in
DLS (on average by 2.73%, p< 0.0001) and on average, decreased the %GC spent in SLS (on average
by 1.38%, p< 0.0001) during the dual-task condition.
DISCUSSION
This research on healthy adolescents builds upon the
growing evidence for implementation of dual-task
conditions in individuals to more specifically isolate deficits, which could place them at an increased
risk for injury with return to normal activity after
an injury. The dual-task protocol used in this study
employs typical functional movement and motor
demands in conjunction with a visuospatial memory task and altered visual attention, a combination
which mimics the dynamic and dual-task nature
of the real world more closely than static, singletask assessments commonly utilized in concussion
assessment.
Gait velocity is the most commonly reported gait
parameter used for outcomes involving gait analysis. The single-task gait velocity in this sample of
adolescent males (n=128) and females (n=50)
is consistent with the recently published data by
McKay et al.31 Also consistent with previous studies,
the results from this study indicate the presence of

Table 2. The means and standard deviations of the gait parameters when subjects walked
without a concurrent visual-cognitive task (Single Task) and with a concurrent visual-cognitive
task (Dual Task). The means and standard deviations for the dual-task cost for each
parameter (DTC).
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Figure 1. Mean plots with 95% conﬁdence intervals of each gait parameter with walk status by sex.

a significant DTC to spatiotemporal gait parameters
when gait is combined with an additional task.14,2122
However, unlike a smaller sample of adolescents
who walked with a concurrent auditory task, the athletes in this study walking with a visuospatial memory task and altered visual attention, as expected,
significantly decreased their step length to adopt a
more conservative gait strategy.19
The present findings also demonstrate that, like
adults in a non-concussed control group, the healthy
adolescents in our study demonstrated a more conservative gait strategy during a dual-task walking
condition by decreasing their gait velocity, increasing the time spent in double limb support during
the gait cycle, and decreasing the time spent in
single limb support during the gait cycle.22 However, contrary to literature regarding walking with
visual attention on a cell/smart phone in adults,
the adolescents in this study decreased their gait

velocity by approximately 8-9%, while adults typically decreased their gait velocity by approximately
33%.29-30 This result may speak to the commonality
of this type of multi-tasking in the adolescent population and to its ability to more closely mimic real
activities in their daily life.
The evidence has shown that collegiate and professional athletes have been found to be at an increased
risk for subsequent musculoskeletal injury following
concussion as far as one year out, with authors suggesting that continued deficits in neuromotor control
may be implicated.34-35 These findings suggest that
athletes who return to play, even upon successful
completion of a graded exertion plan, may be playing with altered, less efficient, and potentially dangerous movement patterns that could contribute to
further injury including subsequent concussion or
orthopedic injury to the limbs or spine. The evidence
has also established that adolescents and adults
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post-concussion demonstrate decreased balance
control during gait, a natural and automatic motor
task.12,14,18-24 In 2011, Martini et al.24 further documented that young adults (mean age of 21 years old)
who, on average, were 6.32 years out from their concussion continued to demonstrate more conservative
strategies during gait than the non-concussed controls. Those combined findings indicate that adults
who sustained one or more concussions during their
adolescent years could still be experiencing functional movement disturbances even into adulthood.
Of future importance to investigate, the costs associated with dual-task efforts involving a visuospatial
memory task and altered visual attention in adolescents with SRC could also be amplified both acutely
and chronically as seen with previously studied dual
task conditions. By using the protocol described in
the current study to assess concussed adolescents,
researchers, using these baseline data, may have an
additional tool to better detect and isolate persistent
movement impairments in this population.
LIMITATIONS
These data were generated using a sample of convenience in a group of adolescents with a narrow age
range, which may lend to decreased generalizability
of the findings. Further research with a greater number of participants, especially more females, across
a wider age range would contribute a more robust
data set. Also, data collection was performed in the
athletes’ school environment. While this provided
a more natural setting in which to observe normal
movement, additional distractions could not be fully
minimized. Additionally, data collection was performed using an expensive piece of equipment, not
readily available to most clinicians. Future research
comparing data obtained using the same visuospatial memory task during gait, but through utilization
of more traditional and clinically feasible tools (e.g.
10 Meter Walk Test) would be helpful in providing
useful data to more clinicians in a variety of settings.
Finally, the complexity of the visuospatial memory
task was not customized to the subject’s individual
cognitive or motor capacities. Therefore, the attention requirements could have been variable for each
participant. Future studies could assign the complexity of the task based upon a baseline cognitive
assessment.

CONCLUSIONS
The results of the current study provide novel
research evidence regarding the DTC associated
with a combination of motor, cognitive, and visual
demands during gait in healthy adolescent athletes.
This task combination required utilization of the
visual system upon which these still developing individuals heavily rely both on and off the field. Even
in healthy adolescent athletes, the DTC significantly
affected both their approach to and performance of
motor demands. These data may provide clinicians
treating adolescents with useful clinical comparison
values. More research is needed to determine if this
testing protocol, in combination with the presented
clinical comparison values, can reveal significantly
altered DTC in concussed adolescents and ultimately
guide rehabilitation decisions as well as safe return
to play for these individuals.
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ABSTRACT
Background: Insertional tendinopathy is likely caused by different pathologies. This variation could account for the
recalcitrant nature of this condition to treatment. Ultrasound imaging may assist in identifying underlying pathology
to inform patient management.
Hypothesis/Purpose: The primary purpose of this study was to quantify the presence of underlying pathology using
ultrasound in individuals with a clinical diagnosis of insertional Achilles tendinopathy. Secondarily, we sought to
examine the relationship of abnormal ultrasound findings to age and body mass index (BMI).
Study Design: Cross-sectional study
Methods: Fifty-six individuals with insertional tendinopathy were included in this study. B-mode ultrasound imaging
was used to descriptively and quantitatively describe tendon pathology.
Results: A greater proportion of bone defect (p<0.001), intratendinous calcifications (p=0.01) and midportion tendinosis (p<0.001) were observed on the injured side compared to the uninjured side. Higher BMI was associated with
presence of bone deformity, intratendinous calcifications and distal tendinosis (p=0.001-0.04); adding age did not
significantly improve the regression model.
Conclusion: Patients with insertional tendinopathy present with multiple underlying pathologies. This may account
for variable response to treatment. It may be helpful to include imaging to better identify underlying pathology when
trying to determine an appropriate treatment strategy.
Level of Evidence: Level 3
Key Words: ankle, imaging, lower leg, tendinopathy, tendinosis, tendon, movement system
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INTRODUCTION
Achilles tendinopathy, by definition, is pain in the
area of the Achilles tendon.1 Achilles tendinopathy
can be broken down into three categories – midportion tendinopathy, which accounts for 66% of Achilles tendinopathy; insertional tendinopathy, which
accounts for up to 25% of Achilles tendinopathy;
and other conditions, such as chronic bursitis.2,3
Clinically, insertional tendinopathy is characterized by pain at the posterior aspect of the heel, but
it can serve as a “catch all” term for a variety of
underlying pathologies.4 These pathologies have
been suggested to include degenerative changes in
the tendon, enlargement of the retrocalcaneal bursa,
and Haglund’s deformity.5
Patients with midportion and insertional Achilles
tendinopathy present with similar magnitude of
pain and functional complaints with walking and
recreational activity,4 however, insertional Achilles
tendinopathy is notoriously recalcitrant to treatment. It has been reported that up to 75%6,7 of individuals with insertional Achilles tendinopathy will
not respond to exercise-based intervention, compared to only 18% of individuals with midportion
tendinopathy.7,8 Furthermore, 47% of individuals
with insertional Achilles tendinopathy will go on to
surgical treatment.9
One explanation for these suboptimal outcomes is that
individuals with insertional Achilles tendinopathy
present with different underlying pathology, which
may partially account for differences in responsiveness to treatment.4,6,9–11 Tendinosis, or tendon degeneration, has been associated with an increased risk
of surgical intervention,9 but has also been found
to respond to exercise-based intervention including heavy loading.12,13 At the tendon-bone interface,
or enthesis, alterations in compressive strain have
been suggested to result in cartilaginous and bony
defects.14,15 Therefore, interventions such as heel
wedges have been aimed at reducing compressive
strain.14 Calcifications within the tendon, but not tendinosis, have also been found to respond to interventions like shockwave treatment.10 This may explain
why shockwave treatment in conjunction with exercise has been associated with improved symptomatic
relief.16,17 Lastly, irritation of the retrocalcaneal bursa
may respond better to treatment aimed at decreasing

bursal compression.18 In summary, the pathophysiology underlying insertional Achilles tendinopathy
is likely different between individuals and seems to
respond differently to intervention.
Diagnostic ultrasound imaging may be useful in
assisting with the differential diagnosis of insertional Achilles tendinopathy. Similar to strength or
range of motion measures, imaging in the context
of a comprehensive clinical exam can help the clinician in confirming treatment targets. Prior studies
have validated real-time musculoskeletal ultrasound
imaging against magnetic resonance imaging (MRI)19
and X-ray20 for identification of tendon pathology
and boney changes at the tendon-bone interface,
respectively. Prior studies have also found abnormal
findings in the Achilles tendons of 3.8% of asymptomatic individuals in a general population21 and
11% of an elite, athletic population.22 It is important,
therefore, to consider ultrasound imaging a component of the clinical exam rather than a stand-alone
imaging modality.
Given the clinical utility of ultrasound imaging and
the potentially complex nature of insertional Achilles tendinopathy, the primary purpose of this study
was to quantify the presence of underlying pathology using ultrasound in individuals with a clinical
diagnosis of insertional Achilles tendinopathy. Secondarily, we sought to examine the relationship of
abnormal ultrasound findings to age and body mass
index (BMI).
METHODS
This is a retrospective analysis of a subgroup of individuals with insertional Achilles tendinopathy at a
single time point included in a larger, single-group,
prospective longitudinal parent study of individuals
with a variety of Achilles tendon conditions. Participants in the parent study were recruited from local
orthopaedic, podiatry, and physical therapy clinics
as well as through newspaper advertisements. This
study was approved by the University of Delaware
Institutional Review Board and all participants gave
their written informed consent. All data collections
for the parent study were performed in our laboratory. Data for this analysis was collected during a
baseline visit occurring between November 2014
and April 2017.
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To be included in this subgroup analysis, participants needed to have a primary diagnosis of insertional Achilles tendinopathy based on subjective
report of posterior heel pain and pain on palpation
to the posterior heel and retrocalcaneal bursa, per
previously established diagnostic criteria.23,24 Participants were excluded if they had a history of Achilles
tendon rupture. Individuals with midportion tendinosis were not excluded as long as their primary
complaint was insertional tendinopathy. At the time
of analysis, there were 149 participants in the parent study, and 56 met the inclusion criteria for the
present study.
Participants’ demographic information was collected, including sex, age, and BMI. A subjective
history was taken to establish the injured side and
confirm the clinical diagnosis of insertional Achilles tendinopathy. The Victorian Institute of Sport
Assessment – Achilles questionnaire (VISA-A)25 was
used to quantitatively assess self-reported symptom
severity. When participants reported bilateral symptoms, they were asked to report a more symptomatic side. If unable to identify a more symptomatic
side, the participant completed a VISA-A for each
side individually, and the side with the lower score
was designated as the “injured” side for analysis.
The asymptomatic or less symptomatic side was
designated the “contralateral” side. Participant’s selfreported activity level was measured for descriptive purposes using a 6-point physical activity scale
(PAS).26
Descriptive and Quantitative
Tendon Assessment
Once the clinical diagnosis of Achilles tendinopathy
was confirmed, Achilles tendon and peritendinous
structures were assessed using B-mode ultrasound
imaging. All ultrasound measurements were taken
using at a frequency of 10MHz and depth of 3.5 cm
using a GE Logiq e ultrasound scanner (GE LOGIQ e,
GE Healthcare, Chicago, IL). All images were taken
with the participant prone with the feet hanging off
the edge of the treatment table. Ultrasound images
were reviewed for descriptive analysis by a physician who is board-certified in sports medicine with
eight years of diagnostic ultrasound imaging experience, along with additional certification by the

Alliance for Physician Certification & Advancement
in musculoskeletal imaging. The physician reviewing the images was aware of the study purpose (identifying the frequency of pathology on ultrasound in
individuals with insertional Achilles tendinopathy),
however, was blinded to all participant information
including presenting complaints and injured side.
Blinding was maintained in order to ensure that the
individual reviewing images would not be biased to
identify more pathology on the symptomatic side.
Six pathology categories were included, with participants scoring as “present” or “absent.” Pathology categories consisted of bone defect (i.e. bone defect at
the enthesis or Haglund’s deformity, which is a bony
enlargement of the posterosuperior calcaneus),
intratendinous calcifications, distal (insertional) tendinosis, midportion tendinosis, bursitis, and isolated
paratenonitis (not associated with tendinosis) (Figures 1 and 2). Participants were able to be classified
into multiple pathology categories. Both the injured
side and contralateral side were examined. Prior
studies have reported ultrasound imaging to be as
good if not superior to MRI for tendon pathology27–33
as well as good agreement between radiograph

Figure 1. Representative ﬁgures of tendinosis on ultrasound
using extended ﬁeld of view settings.
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Figure 2. Representative ﬁgures of insertional pathology.

and ultrasound for presence of bony defects at the
enthesis.20
Quantitative analysis of tendon structure included
three measures – tendon length, thickness, and
cross sectional area (Figure 3). Tendon length was
measured from the calcaneal notch to the gastrocnemius myotendinous junction using extended field
of view settings.34,35 Both tendon thickness and cross
sectional area were assessed at the area of the free
tendon with greatest tendon thickness if tendinosis was present or at an area immediately distal to
the soleus myotendinous junction if no tendinosis
was present. Tendon thickness was measured in
long axis from superior to deep fascial lines of the
tendon,34 and cross sectional area was measured in
short axis (Figure 3).
A prior study reported test-retest reliability for tendon length and thickness measures, with an Intraclass Correlation Coefficient (95% Confidence
Interval) [ICC(95% CI)] of 0.944(0.852-0.979) and
0.898(0.728-0.962); standard error of measurement
(SEM) of 0.7cm and 0.01cm; and group Minimal
Detectible Change (MDC95%) of 0.43 cm and 0.01 cm

respectively.34 The same study reported between
limb SEM of 0.67 cm for tendon length and 0.02
cm for tendon thickness.34 Our lab has conducted
test-retest reliability for tendon cross sectional
area measures in 20 healthy individuals tested less
than 30 minutes apart, showing an ICC(95% CI)
of 0.986(0.964-0.994), SEM of 0.129 cm2, and group
MDC95% of 0.009 cm2.
STATISTICAL METHODS
Descriptive statistics of the measures collected are
reported, including means and standard deviations for
continuous variables (i.e. VISA-A, BMI) and frequencies/percent of total sample for categorical variables
(i.e. presence of a specific pathology). A chi-squared
test was to compare the proportion of pathology identified for a tendon between the injured side and the
contralateral side, which served as an internal control. Quantitative tendon morphology measures were
compared between injured and contralateral sides
using a paired t-test. Logistic regression was used to
identify whether there was a relationship between
BMI and age with a specific pathology. A priori level
of significance was set at 0.05.
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Figure 3. Quantitative ultrasound measures (pictured is healthy tendon). A. Probe orientation and representative image of crosssectional area. B. Probe orientation and representative images for thickness and length.

RESULTS
Fifty-six participants (25 male, 31 female) were
included in this study. Demographic and symptomatology data are shown in Table 1. Thirteen
participants (23%) reported bilateral symptoms.
Seventy-five percent (42/56) of participants reported
needing to change their activity level due to their
Achilles tendon injury.
Descriptive and Quantitative
Tendon Assessment
The frequency of pathology and results of chi-square
test comparing proportion of pathology by side is
presented in Table 2. Distribution of participants by
pathology subgroup is displayed in Figure 4.
Quantitatively, the Achilles tendon on the injured
side was thicker (mean difference = 0.11 cm, p <

Table 1. Participant demographics and symptomatology
(Data from 56 participants unless otherwise noted).

0.001) and had greater cross sectional area (mean
difference = 0.14 cm2, p = 0.042, n=55) than the
contralateral side (Table I). While tendons on the
injured side were significantly longer (mean difference = 0.38, p=0.042), the mean difference between
sides did not exceed the SEM and therefore may not
be clinically meaningful (Table 2).

The International Journal of Sports Physical Therapy | Volume 14, Number 5 | October 2019 | Page 765

Table 2. Number of participants with ultrasound pathology and quantitative ultrasound measures on injured and contralateral sides. Total number
of participants = 56.

the interaction term. Results of the logistic regression are displayed in Table 3.

Figure 4. Venn diagram of combined pathologies on the
injured side. Not pictured due to ﬁgure constraints: no pathology – 11/56; combined distal tendinosis and bursitis – 2/56;
combined bone defect, distal tendinosis, and bursitis – 1/56.
Where no value is displayed, the value is 0/56. Note that
many participants presented with multiple, concomitant
pathologies.

Relationship of BMI and Age
on Tendon Pathology
Sequential logistic regression was used to test if
BMI and age predict presence of bone deformity,
intratendinous calcifications, and distal tendinosis.
In the first block, BMI was entered into the model
first, followed by age in the second block, and then
their interaction term (age*BMI) in the third. For
all outcomes, there was no statistically significant
improvement in model fit by the addition of age or

DISCUSSION
Individuals with insertional Achilles tendinopathy demonstrate more pathological findings on the
injured side compared to the contralateral side. Furthermore, there are variations of underlying pathology, which presented concomitantly in 55% of cases.
Presence of bone-related pathology at the insertion
of the Achilles seems to be related to higher BMI.
Despite just over half of participants having had
imaging, there was an apparent mismatch in treatment strategy and underlying pathology.
The relationship between pathological findings on
imaging of tendons and symptomatology has been
widely debated, often citing concerns about abnormal findings in healthy individuals.36 The intention of
the present study was to establish the frequency and
types of pathology in symptomatic individuals, as an
accurate diagnosis is important for appropriate management.11,37 To address concerns regarding presence
of pathology in asymptomatic individuals, it was found
that there were differences in the proportion of individuals with abnormal findings on their injured compared
to contralateral sides. Additionally, 80% of the individuals included in this study had abnormal findings
on their injured side and 48% on their contralateral
side, compared to rates of 3-11%21,22 in asymptomatic
individuals. It seems that symptoms and presence of
pathology are connected within an individual.
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Table 3. Results of logistic regression for presence of pathology predicted
by BMI and age.

The frequency of bone deformity in this study aligns
well with a recent study investigating frequencies
of pathology on MRI in individuals with Achillesrelated complaints.19 On MRI, 59% of individuals
were reported to have Haglund’s deformity, compared to 52% with bone deformity in the present
study. Higher frequencies of retrocalcaneal bursitis
(63%19 compared to 24% in the present study) and
lower rates of distal tendinosis (37%19 compared to
52% in the present study) were reported in the MRI
study. Differences in rates of pathology may be due
to inconsistencies in inclusion criteria between studies, as pathological findings on MRI were required
for inclusion in that study.19 A prior study38 has
also reported tendon thickening in individuals with
insertional tendinopathy, which is consistent with
the findings of the quantitative ultrasound measures
included in the present study.
It does seem that both BMI and age play a role in
demonstrating abnormalities on ultrasound in the
context of insertional Achilles tendinopathy, with
bone deformity, intratendinous calcifications, and
distal tendinosis occurring more frequently in individuals with higher BMI and older age. Systematic
review-level evidence has reported BMI to be an
important factor contributing to Achilles tendinopathy,39 however, isolating the role of BMI is challenging. A study by Scott et al.,40 reported BMI and age
to be the most significant factors in this population
of individuals. In the current study, individuals
with higher BMI also tended to be older, however, it
seems that BMI has a stronger relationship to underlying pathology than age alone.
There are several limitations to this study. This
study was of cross-sectional design and intended to

capture the wide range of individuals affected by
Achilles tendinopathy. Therefore, cause-effect relationships with regard to driving factors for pathology cannot be determined. While the observed rates
of pathology well above what has been reported
in asymptomatic individuals, it is possible that the
pathology seen on ultrasound was not the primary
cause of symptoms in these individuals. Individuals
with bilateral symptoms were not excluded. While
this complicates the interpretation of the study findings, it does represent the heterogenic population
of individuals with insertional Achilles complaints.
Finally, the ultrasound scans were not done in such
a way to evaluate for plantaris involvement.
CONCLUSIONS
In summary, the findings of this study suggest that
patients with insertional Achilles tendinopathy present with more abnormal findings on their injured
side. Patients may present with multiple underlying
pathologies and may, therefore, respond differently
to treatment. From a treatment standpoint it may
be beneficial to identify the underlying pathology
to more appropriately tailor physical therapy and
alternative treatment.34 Ultrasound may be a high
quality, less expensive alternative to other imaging
modalities. Physical therapists are uniquely situated
to be able to use diagnostic ultrasound imaging during the course of a clinical examination – a clarification of scope of physical therapist practice recently
supported by the American Institute of Ultrasound
in Medicine. Further studies are needed to help clarify which of these subpathologies of Achilles tendinopathy respond best to physical therapy or are
likely to need further intervention. In research settings, it may be helpful to differentiate participants
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based on underlying pathology to better understand
response to interventional strategies. In clinical settings, it may be beneficial to incorporate ultrasound
imaging as part of a comprehensive, clinical patient
assessment in order to appropriately diagnose the
affected structure and align treatment accordingly.
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SHOULDER RANGE OF MOTION CHARACTERISTICS
IN DIVISION III COLLEGIATE SOFTBALL AND
BASEBALL PLAYERS
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ABSTRACT
Background: Adaptive changes may occur to the throwing shoulder of overhead athletes that can influence range-ofmotion (ROM). Shoulder ROM characteristics of Division III softball (SB) and baseball (BB) players are unique.
Hypothesis/Purpose: To report the passive ROM characteristics of Division III SB and BB players and identify similarities and differences between these two populations.
Study Design: Descriptive, observational research on measurement
Methods: Participants included healthy Division III BB (n=50) and SB (n=24) players. Passive shoulder internal rotation (IR) and external rotation (ER) ROM were measured in the supine position with the arm in 90° of abduction and
the scapula stabilized. Descriptive statistics and frequency distributions were used to describe ROM. Paired and independent t-tests were also used to compare throwing and non-throwing shoulder ROM for athletes of each sport and to
compare the shoulder ROM of SB and BB players, respectively.
Results: The IR and ER ROM for BB players throwing shoulders (IR 54.1 ± 10.9°; ER 94.1 ± 9.1°) were significantly
different (p < 0.001) from their non-throwing shoulders (IR 63.3 ± 11.1°; ER 87.6 ± 9.2°) while SB players were not
(p= .06 & .08, respectively). Compared to the BB players, the throwing shoulder of SB players demonstrated statistically significantly higher IR ROM (p < .001, mean difference = 11.8°, 95% CI: 6.4-17.2°) as well as higher total range
of motion (TRM) (p < .001, mean difference = 14.4°, 95% CI: 8.6-20.2°) when compared to BB players. Glenohumeral
internal rotation deficit (GIRD) was significantly higher in BB players when compared to SB players (p = .042, 95%
CI: .2-10.8°). There were no significant differences in IR, ER, TRM, GIRD and ER gain between SB or BB pitchers and
all other field positions (p > .05).
Conclusions: SB players have more ROM and bilateral symmetry when compared to BB players. TRMD occurred
more often than GIRD in BB players, indicating that they did not adaptively gain the same amount of ER while losing
IR. The throwing shoulder ROM characteristics of both SB and BB players in this study were not influenced by the
player’s position (pitcher vs. field player).
Level of Evidence: Level III
Keywords: Baseball, college, movement system, range of motion, shoulder, softball.
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INTRODUCTION
Adaptive changes may occur to the throwing shoulder of overhead athletes that can influence rangeof-motion (ROM). Shoulder ROM characteristics of
Division III softball (SB) and baseball (BB) players
are unique. The stress placed on the shoulder structures and the associated adaptive changes in range-ofmotion (ROM) that can occur when participating in SB
or BB may leave athletes susceptible to injury.1-3 There
is evidence that suggests these adaptive changes have
consistently been found to cause glenohumeral internal rotation deficit (GIRD) and an associated increase
in external rotation (ER gain) at the shoulder joint.4-9
A comprehensive review of the literature revealed
30 studies that provided a description of shoulder
ROM characteristics of SB and/or BB players (see
Appendix A). A majority of the studies examined BB
players and approximately a third examined collegiate athletes (Table 1). The limited normative values reported for all player positions and levels of
collegiate competition in which athletes participate
represents a gap in the literature.
It has been hypothesized that the different levels of
training and competition may affect throwing arm
ROM characteristics in high school, collegiate and
professional BB players. A review of ROM values
from previous studies (Appendix A) indicates that
professional BB players had higher ER ROM values
than collegiate and high school players. A review
of the literature revealed that collegiate and professional BB players have similar levels of GIRD
that range from 9.7°-12.1° 2,3,10-12 while high school
players have a slightly lower value (6.0°-7.4°).1,13 It
should be noted, however, that the majority of studies that examined professional BB players (9 out of
10) included pitchers only.
There are relatively few studies that have reported
on the ROM values of high school and collegiate
SB players. When comparing the throwing arm
ROM values of high school and collegiate SB players, shoulder IR was lower in the collegiate athletes
while ER was higher in high school athletes. There
was only one study that reported GIRD in both collegiate SB and BB players.11
Previous studies have linked the magnitude of
the changes in shoulder ROM to increased risk of

pathology. A retrospective study by Burkhart et al.14
reported athletes who suffered a SLAP lesion were
found to have an IR deficit. They utilized the term
GIRD when the deficit in the throwing shoulder was
20° or more when compared with the non-throwing
shoulder and found this ROM deficit to be associated
with shoulder labrum pathologies.4 Dines et al.6 and
Myers et al.15 indicated that excessive GIRD (EGIRD)
could lead to pathology and was associated with rotator cuff injuries (mean EGIRD = 19.7°) and ulnar
collateral ligament injuries (mean EGIRD = 28.5°),
respectively. Shanley et al.1 studied shoulder ROM
measures as risk factors for shoulder injuries in high
school BB players. They reported that GIRD of ≧
25° was predictive of shoulder injury in BB players
and that GIRD was significantly different between
injured and non-injured high school BB players.
However, Tyler et al.16 reported patients with internal impingement had an average GIRD of 35°.
For the purpose of this study if the athlete had any
loss of IR in the throwing arm compared to their
non-throwing arm they were described as having
GIRD. If the magnitude of GIRD was equal to or
greater than 20° the athlete was considered to have
EGIRD. Several authors have indicated that EGIRD
may predispose athletes to a variety of elbow and
shoulder pathologies.4,6,15,16 Additionally, any athlete who had a total range of motion (TROM or
IR+ER) deficit ≥ 5° between their throwing shoulder and non-throwing shoulder was considered to
have TROM deficit (TRMD).17 For the purpose of
this study any athlete who had a TROM deficit of
more than or equal to 5° between their throwing
shoulder and non-throwing shoulder was considered to have TRMD.17
Although Division III BB and SB has the largest
number of participating players,18 a review of the
current literature showed that there are no studies that describe the shoulder ROM of these athletes (Appendix A). The NCAA reports that in the
2015-16 season Division III BB had a greater number of participants (13,465) as compared to Division I (10,429) and Division II (10,660). Similarly,
there were more SB players participating in Division III (7,646) compared to Division I (6,042) and
Division II (5,992).18 Clinicians need to be able to
identify normal and atypical ROM measurements
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Table 1. Literature Review of Normative Shoulder ROM Values for Collegiate Baseball and Softball Players.

when examining SB and BB players. The purpose
of this study was to report the passive ROM characteristics of Division III SB and BB players and identify similarities and differences between these two
populations.

METHODS
Participants
Seventy-four Division III collegiate athletes (SB
n=24, BB n=50) with an age range of 18-21 years old
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(Table 2) agreed to participate and offered informed
consent. The inclusion criteria for this study were:
1) healthy SB or BB collegiate athletes, 2) over the
age of 18 years 3) no self-reported current shoulder
injury or medical condition that would preclude participation in sports. Those athletes who reported a
history of shoulder injury (22% BB and 17% of SB
players) were allowed to participate. The Utica College Institutional Review Board approved this study
and athletes were recruited during their preseason
from a local Division III college.
Data Collection
Participants provided demographic and history
information including: age, years of participation,
primary position on the team, and history of shoulder injury. Data collection occurred during the preseason, and was scheduled in advance of any training
activity. The order of which measurement (IR or ER
ROM) and arm (left or right) were randomized.
Shoulder Passive Range-of-Motion
To assess passive shoulder IR and ER ROM a single
BaselineTM bubble inclinometer (Model number
12-1056, White Plains, NY) was used. Measurements
were taken with the participant in the supine position, with the shoulder abducted to 90°, the elbow
flexed to 90° and the forearm in neutral rotation
with the elbow supported on a folded towel to align
the humerus with the glenoid fossa. The tester
manually stabilized the shoulder girdle at the level
of the spine of scapula and clavicle (Figure 1). The

Figure 1. Measurement of Shoulder Internal Rotation Range
of Motion.

inclinometer was aligned over the ulnar border, just
proximal to the ulnar styloid process. The GH joint
was passively moved to maximum available ROM
for rotation without overpressure or scapular movement.19 Two trials were taken for each ROM measure
and the average of the two measures was calculated
and used for analysis.
The methods for measuring passive ROM used in
this study have been found to have good to excellent reliability.19-21 To ensure accurate reliability and
validity of all included measurements used in this
study, a pilot study was performed utilizing 20 collegiate athletes. There was high agreement between
GH measurements of IR and ER ROM obtained by
the goniometer and a single BaselineTM bubble inclinometer with high concurrent validity (ICC = .95).
Moreover, the inclinometer measurements of both IR
and ER had good test-retest reliability (ICC = .74 &
.87, respectively) and inter-tester reliability (ICC =
.85 & .79, respectively).
Data Analysis
SPSS (IBM Corp. Released 2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM
Corp.) was used to perform: 1) frequency distribution, descriptive statistic and cross tabulation for
the shoulder ROM; and 2) paired t-tests to compare
throwing and non-throwing arms for each sport and
independent t-tests to compare the shoulder ROM
of SB and BB players. To determine the relationship
between the player’s position on the field, GIRD
and TRMD, cross tabulation was performed. It was
estimated that 45 participants would be sufficient to
provide a good point estimate of passive ROM, with
80% power, using a standard deviation of 11° and a
7° margin of error for the 95% confidence interval.
RESULTS
A total of 74 Division III athletes (SB = 24 & BB =50)
participated in this study (Table 2). The majority of
athletes (82% of the SB and 88% of the BB players)
participated in more than one SB or BB season per
year, while only 12% reported participating in more
than one sport. There was a higher proportion of
pitchers in the BB participants (28%) compared to
SB participants (17%). Since there were no significant PROM differences between pitchers and field
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Table 2. Participant Characteristics.

Table 3. ParticipantDescriptive Statistics and 95% Conﬁdence Intervals for
Shoulder Range of Motion of Baseball Players (n = 50).

Table 4. Descriptive Statistics and 95% Conﬁdence Intervals for Shoulder Range
of Motion of Softball Players (n = 24).

players, the results presented for BB players (Table
3) and SB players (Table 4) represent combined averages and variability estimates for ROM for all playing positions.
Baseball
Table 3 provides all data on BB player’s shoulder
PROM characteristics. The shoulder PROM of the
BB players demonstrated statistically significant differences between their throwing and non-throwing

shoulders. BB players had significantly less IR (p <
0.001), and TRM (p < 0.032) while they had more
ER (p < 0.001) in the throwing shoulder. On average, BB players demonstrated a GIRD of 9.2 ±
11.3° (95% CI: 6.1-12.3). Although 62% (n = 31) of
BB players demonstrated 5° or more of GIRD, only
18% had EGIRD (range 20-45°). On the contrary, 16
BB players (32%) had a minimal (< 5° of deficit or
gain) difference in IR rotation (Figure 2a). BB players throwing shoulders demonstrated an average ER
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Figure 2. a) Number of softball (SB) (n = 24) and baseball (BB) (n = 50) players with differences in the throwing arm internal
rotation (IR) compared to the non-throwing arm. b) Number of softball (SB) (n = 24) and baseball (BB) (n = 50) players with differences in the throwing arm external rotation (ER) compared to the non-throwing arm. c) Number of softball (SB) (n = 24) and
baseball (BB) (n = 50) players with differences in the throwing arm total range of motion (TRM) compared to the non-throwing
arm.
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gain of 6.5 ± 8.0° (95% CI: 4.3-8.8) but only 56%
(n = 28) gained 5° or more. Additionally, 38% (n
= 19) had a minimal difference (< 5° of deficit or
gain) in ER rotation (Figure 2b). The combination
of average GIRD and ER gain led to an overall average TRMD of 2.7 ± 8.6° (95% CI: 0.3-5.1). While
38% (n = 19) of the BB players had a TRMD of 5°
or more, an equal amount of BB players (36%) had
minimal difference in TRM (< 5° of deficit or gain)
and 26% (n = 13) gained 5° or more (Figure 2c).
Although there were no significant differences in IR,
ER, TRM, EGIRD and ER gain between BB pitchers
and all other positions (p > .05), cross tabulation of
player’s position on the field with EGIRD, TRMD
revealed the following observations: 1) of the 9 BB
players that had EGIRD, five of them were pitchers
(36% of the pitchers) and the remaining four were
field players (11% of field players); 2) a Chi-squared
test indicated that BB pitchers have a significantly
higher incidence of EGIRD (X2 = 4.1, P = .042); 3) of
the 14 pitchers in this study, five of them had both a
TRMD and EGIRD, three had TRMD but no EGIRD
and none had EGIRD only; 4) of the 36 field players,
three had both TRMD and EGIRD, eight had only
TRMD, and four had EGIRD only.
Softball
When comparing SB players throwing and nonthrowing shoulders (Table 4) there were no statistically significant differences in IR, ER or TRM (p >
.05). Additionally, there were no significant differences in IR, ER, TRM, GIRD and ER gain between SB
pitchers and all other field positions (p > .05). Of the
SB players 83% (n = 13) had a minimal difference in
IR rotation between the throwing and non-throwing
shoulders (< 5° of deficit or gain) while only 17%
(n = 4) had EGIRD (Figure 2a). The percentage of
SB players that exhibited ER gains of ≥ 5° was 42%
(n = 10) (Figure 2b). SB players with a TRM gain ≥
5° was 17% (n = 4) while 29% (n = 7) had a TRMD
≥ 5° (Figure 2c).
Cross tabulation of EGIRD and the player’s position
on the field was calculated to determine the relationship between these variables for the SB players.
Seven SB players had TRMD ≥ 5°, of which three of
them had both TRMD and EGIRD. Of those three
players with both TRMD and EGIRD, only one was

a pitcher. The incidences of EGIRD and TRMD in
SB pitchers could not be calculated due to the low
number of pitchers.
Comparison of SB and BB Players
Although this study included an unequal number
of BB (n = 50) and SB players (n = 24), Levene’s
Test of homogeneity of variance indicated no significant difference between their group variances. SB
players non-throwing shoulder demonstrated a significantly higher IR, ER and TRM when compared
to the BB players’ non-throwing shoulder (Table 5).
However, compared to the BB players, the throwing
shoulder of SB players demonstrated statistically significantly higher IR and TRM as well as significantly
lower GIRD (Table 5). Of the players that had EGIRD
(nine BB and four SB) only one BB player and none
of the SB players reported a history of shoulder
injury. There was no statistically significant difference between SB and BB for ER gain.
DISCUSSION
Baseball Players
The dual aim of this study was to describe values for
shoulder ROM for Division III collegiate SB and BB
players as well as provide a comparative analysis of
these two populations.
The SB and BB players in this study reported playing multiple seasons per year with an average of
13 years playing their sport. This frequency of play
and number of years participating may explain the
statistically and clinically significant differences
in ROM between BB players throwing and nonthrowing shoulders. Collegiate athletes appear to be
unique when compared to high school and professional players but there is variability within each
group according to multiple authors (Appendix A).
The throwing shoulder ER values of Division III BB
players in this study were lower than those reported
by other studies that examined Division I (most
did not report division) BB players, while IR values
were higher (Table 1). Collegiate BB players throwing shoulder ER, in the literature, ranged from 98.9°131.5° (Table 1). In previous research, the throwing
shoulder IR ROM values for collegiate BB players had
high variability and ranged from 23.7°-79.3° (Table
1), compared to the average of 54.1° (Table 2). These
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Table 5. Differences Between Baseball and Softball Players Non-Throwing &
Throwing Shoulders.

differences and the variability in the literature may
be related to the stabilization methods used to measure ROM, level of play and/or the field position(s).
A review of the methodology used to measure
shoulder IR and ER of collegiate SB and BB players revealed some variability in the overpressure
given at end range, hand position and the measurement tool used. This study utilized the same direct
scapular stabilization described by Wilk et al.,20 that
demonstrated higher intrarater reliability than other
methods. The use of overpressure may significantly
alter the value of shoulder ROM obtained. The most
common method of determining the end-range of
motion is using the presence of a capsular end-feel
or detecting scapular movement.8,11,22-24 Osbahr et
al.10 attempted to standardize overpressure using a
handheld dynamometer, which resulted in higher
ROM values when compared to other results seen in
the literature. Direct scapular stabilization is more
consistently used in the literature and the majority
of articles reviewed utilized stabilization in order to
prevent scapular tilting.11,22-27 There was, however,
variability in hand positions/contact points on the
scapula and various directions of stabilization force.

The instrumentation used in the literature to measure IR and ER was consistently a standard goniometer10,22-25 or a digital inclinometer.11,26,27 ROM
measurements of IR and ER using a bubble inclinometer correlated highly with goniometry in
the pilot study. The high correlation of these two
devices and the ease of use of a bubble inclinometer should be considered when performing this
measurement.
Although a large proportion of the BB players demonstrated some degree of IR deficit, only 18% (n =
9) of them demonstrated EGIRD. EGIRD has been
linked to the development of adaptive changes in
the shoulder, which include humeral retroversion
and posterior shoulder stiffness.28,29 These adaptive
changes have been found in BB players as young
as 8-10.5 years old and were hypothesized to be a
contributing factor to the development of EGIRD
over the course of an athlete’s career.13 EGIRD
has also been linked to increased risk of shoulder injury.1,4,6,14,16 In this study pitchers developed
EGIRD more often than field position players.
EGIRD may be an important variable to consider
when evaluating pitchers.
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The mean TRM for the BB players was lower than
what has been reported in other studies (Table 1). It
has been reported in the literature11,26 that BB players
frequently have a TRMD of ≥ 5°, which was true for
28% (n = 14) of the BB players in this study, however, 26% (n = 13) of them had a TRM gain. This
TRM gain was either the result of BB players gaining
more ER than GIRD or gaining both ER and IR. In
this study, TRMD occurred more often in BB players who have EGIRD. TRMD may be a more important clinical measure than EGIRD, as it represents a
loss of IR and an inadequate gain of ER. Currently,
there is not sufficient evidence that identifies the
degree to which TRMD or TRM gain are associated
with increased risk of injury in the collegiate BB or
SB players.
Softball Players
In contrast to the BB players, the mean PROM of the
SB players throwing shoulder (Table 4) was not significantly different from the non-throwing shoulder.
Most SB players in this study either had an IR gain or
minimal to no GIRD (Figure 2a) which was similar
to results reported by Hibberd et al.11 Oliver et al.,8
reported lower IR and TRM, and higher ER values
(Table 1) for Division I SB players when compared
to results of this study. The relative symmetry of SB
players ROM values makes them unique when compared to BB players.
Comparison of SB and BB Players
The results of this study indicate that Division III
SB players had more shoulder IR and TRM than
BB players for both the throwing and non-throwing
shoulders, while demonstrating similar throwing
shoulder ER (Table 3 and 4). The playing position
(pitcher vs. field player) did not seem to influence
the throwing arm ROM characteristics of either SB
or BB players. There are only two studies that examined the ROM characteristics of collegiate SB and BB
players.11,30 Dwelly et al.30 combined the ROM data
for the SB and BB players so these groups could not
be compared. The ROM findings of this study were
consistent with Hibberd et al.11 who described the
ROM characteristics of Division I collegiate SB and
BB players (excluding pitchers) and a control group
of non-throwing participants. This study found similar GIRD averages for SB and BB players as Hibberd

et al.11 who found that average GIRD for BB players was higher than SB players and that the average
TRMD for BB players was higher than SB players.
Hibberd et al.11 did not report the percentage of players with GIRD to make a comparison to the results
of this study.
SB and BB players place unique demands on their
shoulders and this could explain the differing ROM
characteristics of their throwing shoulders. The
unique demands may be related to the equipment
and environmental differences such as the SB weighing approximately 20% more than a BB and that the
SB bases are a shorter distance apart than BB.31,32 The
greater forces produced by the BB players’ shoulders may affect physical adaptations of the shoulder-stabilizing musculature and posterior capsule
which may be linked to greater amounts of GIRD
when compared with SB players.33 Moreover, recent
research has noted that these adaptive changes of
SB and BB players are not purely related to soft tissue changes, but may involve the development of
humeral retrotorsion.28,29,34
Division III collegiate SB and BB athletes appear
to engage in these sports at a very early age and
continued with their participation in multiple seasons annually as collegiate athletes. Early participation and multi-season participation may lead to
adaptive changes in shoulder structures that could
influence their ROM characteristics.13 However, an
important finding of this study was related to the
subgroup analysis of the degree of GIRD, TRMD and
their association with the player’s field position. The
results indicated that the changes in IR, ER or TROM
had a wide range of presentations of deficits or gains
(Figures 2a-c). These normal adaptations or pathological variations may lose their clinical significance
when only examining point estimate (such as means
and standard deviations) or between group differences in hypothesis testing. The variations of ROM
deficits or gains need to be taken into consideration
when examining the characteristics of each individual player and not just the group means.
Limitations and Future Research
Recommendations
One limitation of this study is that humeral retrotorsion was not examined secondary to the lack of
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necessary equipment and the contribution of osseous changes cannot be determined for the sample
that was studied. The single site for data collection
and the use of sample of convenience may limit the
ability to generalize the results of this study. Additionally, the sample size of SB players was smaller
than the BB group. Dwelly et al.30 reported that, as
the competitive season progressed, Division I and
II SB and BB players gained ER but did not lose an
equivalent amount of IR. The participants of this
study were measured in the preseason. There is a
potential for ER ROM gain throughout the season
and should be considered when comparing normative preseason ROM values to those measured during or after the season.
Differences in methodology, described in the literature reviewed, may explain the variability in the
measures reported (Table 1) and could be due to factors such as stabilization, overpressure, and/or the
instrumentation that was utilized. The methodology
used in this study should be considered for future
shoulder ROM studies as it addressed key factors
including scapular stabilization, overpressure and
instrumentation that demonstrated excellent reliability.20 Future research should also focus on the
shoulder performance characteristics and biomechanical analysis of the throwing motion of all SB
and BB field positions to determine the unique characteristics of these groups. Prospective studies are
needed for Division III SB and BB players to identify the unique characteristics of pitchers and field
players that may affect performance and possibly
increase the risk for injury. The degree of TRMD
should be one of the unique ROM characteristics
focused on in future studies.
CONCLUSION
The ROM characteristics of Division III SB and BB
players have not been adequately documented in the
current literature. The findings of the current study
indicated that Division III collegiate BB players presented with statistically significant IR and ER differences in their throwing shoulder when compared to
the non-throwing shoulder, specifically an IR deficit and an ER gain. Conversely, the differences in
ROM of the throwing and non-throwing shoulders in
SB players were not statistically significant. In this
group of Division III SB and BB players, there was no

statistically significant differences in IR, ER, TRM,
GIRD and ER gain between pitchers and all other
positions. BB players in this study had a higher frequency of EGIRD and also have a statistically significant higher level of GIRD when compared to SB
players. Although the overhead throwing motions
are similar between BB and SB players, the average
ROM values in this study indicate that the athletes
adapt to the demands of the sport differently. Clinicians should consider this study’s subgroup analysis
of SB and BB players, which demonstrated a large
percentage of athletes that had relative symmetry in
their ROM (<5° of IR or ER ROM difference between
shoulders). The identification of normative shoulder
ROM values and the understanding that Division III
SB and BB players have unique ROM characteristics
is critically important for the examination and evaluation of these athletes.
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Appendix A. Literature Review of Normative Shoulder ROM Values for Baseball and Softball.
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Appendix A. Literature Review of Normative Shoulder ROM Values for Baseball and Softball. (continued)
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Appendix A. Literature Review of Normative Shoulder ROM Values for Baseball and Softball. (continued)
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ABSTRACT
Background: In facilitating and predicting successful return to sport (RTS), not only are physical factors important,
but also the athlete’s psychological status. No questionnaire in the Dutch language exists for measuring psychological
readiness for RTS after injuries in general.
Purpose: To translate and validate the Injury-Psychological Readiness to Return to Sport scale into the Dutch language.
Study Design: Cross-sectional, validation study.
Methods: One hundred and sixty-eight athletes, returning to high impact sports after lower extremity injuries, completed the Dutch I-PRRS twice. Another 162 athletes who visited their physical therapist for initial intake also completed the questionnaire. Floor and ceiling effects, internal consistency, reproducibility, construct validity, and
divergent validity were analyzed.
Results: The I-PRRS was successfully translated into Dutch and showed no floor or ceiling effects. It had good internal
consistency (0.85) and good test-retest reproducibility (ICC 0.74, 95% CI 0.43-0.86) where the lower bound of 95% CI
indicates at least fair reproducibility. The SEM was 2.02 and the MDC 5.58 points. There was a significant fair correlation between total scores on the I-PRRS and TSK (rs=0.41, p<0.001). Athletes who RTS and those who initially visited
their physical therapist differed significantly on all items and on total scores (p<0.001).
Conclusions: The I-PRRS was successfully translated into Dutch and can be administered to athletes with lower
extremity injuries who have clearance to RTS. The MDC of 5.58 on the total score indicated that with a score below
six, there is no noticeable change outside the measurement error. For measuring and monitoring psychological readiness for RTS, the use of the Dutch I-PRRS is recommended for Dutch physical therapists.
Level of evidence: 3b
Key Words: Injury Psychological Readiness to Return to Sport scale, lower extremity injuries, psychological readiness,
return to sport.
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INTRODUCTION
In the Dutch sporting population, 4.5 million injuries per year occur.1 More than half of the injuries
occur in athletes in high-impact sports,2 and in 62%
of the cases the lower extremity is affected.1 Despite
the desires of athletes to return to their sport, there
is no guarantee for successful return to the same
sport level. For instance, after anterior cruciate
ligament reconstruction (ACLR), 81-85% of the athletes return to sport (RTS) but only 31-65% return
at their desired performance level.3-5 Also, after hip
arthroscopy and partial lateral meniscectomies only
52-61% of athletes are able to return to their preinjury performance level.6,7
Facilitating successful RTS is a complex process and
is influenced by many things such as medical factors, type of sport, physical factors, and internal
and external personal factors.8 Most studies evaluating RTS have mainly focused on internal factors
(e.g. age6) or physical recovery.9 For example, higher
quadriceps strength, higher hamstring strength10,11,
and symmetrical hopping performance (≥85%)4,11,12
favored RTS after ACLR.
The main reasons for not returning to sport or to
the desired sports levels after ACLR are self-reported
knee problems such as pain, swelling, instability,
muscle weakness, fear of reinjury, and lack of confidence.3-5,10,13-15 Of those, the most common reason
is fear of reinjury and, therefore, not only physical
factors are important for RTS, but also the athlete’s
psychological readiness.3,4,15,16 Athletes with a negative perception of the influence of their injury on
sport performance were 3.5 times less likely to RTS
after ACLR.3,16,17 RTS before the athlete is psychologically ready may lead to anxiety, low self-confidence,
and lower performance.14,15,17 Lower fear of reinjury
and greater psychological readiness indeed favored
RTS.4,10,15,18
Consequently, measuring psychological readiness
for RTS may be important in addition to physical
testing. The assessment of confidence in injured
athletes using a reliable and valid scale is essential
to determine the psychological readiness to RTS.16,19
The Injury-Psychological Readiness to Return to
Sport scale (I-PRRS) is an easy to use, six-item
questionnaire developed by Glazer in the English

language.20 The I-PRRS is a reliable and valid tool
to assess the psychological readiness of athletes to
RTS investigated in 22 collegiate injured athletes
participating in football, basketball, wrestling, ice
hockey, lacrosse, and field hockey.20 The I-PRRS
was recently translated and validated in the Persian
language.16 However, no Dutch-language version
exists. Therefore, the aim of this study was to translate and validate the I-PRRS into the Dutch language
and to estimate its internal consistency, reproducibility, and convergent and discriminative validity in
athletes returning to high impact sport after lower
extremity injuries.
METHODS
The I-PRRS was translated into the Dutch language
and was tested for floor or ceiling effects, internal
consistency, reproducibility, and validity in 168
Dutch-speaking athletes with lower extremity injury
before returning to high impact sports. The Tampa
Scale of Kinesiophobia (TSK) was administered
to evaluate construct validity. For discriminative
validity, 162 athletes with lower extremity injuries
who visited their physical therapist for initial intake
also completed the I-PRRS and the TSK. These athletes were recruited in the same 29 physical therapy
practices. This study was approved by the METC
Zuyderland Zuyd, Heerlen, The Netherlands (17-N44). All athletes gave their informed consent.
Translation procedure
The developer of the original I-PRRS gave his written permission for this Dutch translation. The procedure consisted of forward translation, expert
committee review, back translation, pretesting,
and finalization.21 Two independent translators conducted the forward translation from the original
English version into Dutch. Both forward translators were native Dutch speakers, fluent in English;
one sports physical therapist working with athletes
and one English teacher. An expert review committee, consisting of the two forward translators, the
authors (AV, IA, EvT), and two experts, including a
sport psychologist and an HR manager, compared
the Dutch version with the original one until consensus was reached. Two independent translators
performed back translation. These back translators were native English speakers, fluent in Dutch;
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one a sports physician and one a sports instructor.
After back translation, the two back translators were
asked to compare the original English version of
the I-PRRS with their own translation. For pretesting, 62 athletes with lower extremity injuries, including ACLR and injuries to the knee, calf, hamstring,
ankle, and adductor, completed the pretest version
and were invited to make comments. The athletes
had received RTS advice based on the individual
decision of their physical therapist. This decision
was informed by pain, range of motion, sport performance and/or functional tests. After pretesting, the
final version of the I-PRRS was investigated.
Participants
A sample of 168 athletes with lower extremity injuries, recruited from 29 physical therapy practices in
the Netherlands, completed the Dutch I-PRRS and
the TSK22 from May 2017 to October 2017. Athletes
were included if they had a lower extremity injury
and their physical therapist gave clearance for RTS
according to the definition by Ardern 201619: “Returning to the defined sport, but not performing at the
desired performance level”. Athletes were qualified
for participation if they met the following criteria:
(1) 18-45 years of age, (2) suffering from a lower
extremity injury, (3) able to understand the written
Dutch language, (4) before the injury occurred practicing a minimum of twice a week of high impact
sport with jumping, pivoting, and changes of direction, (5) intention to return to the same sports level
as before the injury, and (6) gave informed consent.
Athletes were excluded if they had a rheumatic or
a neurological disease. The I-PRRS and TSK were
administered in a larger study concerning RTS in
high impact athletes where besides psychological
questionnaires, performance tests were executed.
Procedure
Thirty physical therapists from 29 practices distributed across the Netherlands recruited and examined
the athletes in pretesting and final testing of the
I-PRRS. Eligible athletes completed the I-PRRS20 and
the TSK22 after the physical therapist gave clearance
to return to their sport. Questionnaires were completed and collected athletes’ characteristics such as
gender, age, number of training sessions per week,
number of matches per week, time since injury

occurrence, and type of injury. Within one week
after completing the I-PRRS, the athletes returning
to sport completed the I-PRRS again. RTS was not
allowed between the two occasions.
Questionnaires
The I-PRRS measures psychological readiness to RTS
and consists of six questions concerning (1) overall
confidence to play, (2) confidence to play without
pain, (3) confidence to give 100% effort, (4) confidence to not concentrate on the injury, (5) confidence in the injured body part to handle demands of
the situation, and (6) confidence in skill level/ability.
Each item is scored on a scale ranging from 0-100
with intervals of 10. A score of zero indicates that
the athlete has, for instance, no confidence; a score
of 50 indicates moderate confidence; and a score of
100 indicates maximum confidence. The scores on
the six items are summed and divided by 10. The
total score lies between 0 and 60, where 60 indicates
maximum confidence.20 Glazer20 described that a
score between 50 and 60 suggests that the athlete is
psychologically ready to RTS.
The TSK was developed to measure fear of reinjury due to physical activity and was translated into
Dutch by Vlaeyen et al.22 The TSK contains 17 questions on a 4-point Likert scale. The sum of the items
results in a total score between 17 and 68, where 68
indicates a high level of fear and 17 a low level of
fear.22 The Dutch TSK shows moderate reproducibility (ICC 0.75-0.90).22,23
Statistical analysis
Descriptive statistics were calculated to summarize
athletes’ characteristics and outcomes on the I-PRRS.
Percentages of athletes who scored zero or maximum were calculated in order to investigate floor
and ceiling effects, respectively. If more than 15%
of the athletes achieved the lowest or highest possible score, floor or ceiling effects were considered
to be present.24 Internal consistency was calculated
using Cronbach’s alpha. Internal consistency was
considered good if Cronbach’s alpha lies between
0.70 and 0.90.25 Test-retest reproducibility was measured using the first and second administrations by
calculating Intraclass Correlation Coefficient (ICCa)
(two-way random effects model, single measure)
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with their 95% confidence interval (CI). ICC above
0.75 represents excellent reproducibility; 0.60-0.74
good reproducibility; 0.40-0.59 fair reproducibility;
and <0.40 low reproducibility.26 The Standard Error
of Measurement (SEM) was calculated by multiplying the standard deviation (SD) of the mean differences between the first and second administration
by √(1-ICC) (SEM=SD x √1-ICC).27 The minimal
detectable change (MDC) was calculated by multiplying the SEM with 1.96 x √2 (MDC=SEM x 1.96 x
√2).27 Wilcoxon tests were used to test the differences
between the first and second administration on all
questions and the total score of the I-PRRS. Convergent validity was evaluated by correlating scores on
the I-PRRS with those on the TSK using Spearman’s
rank correlation coefficient. A correlation of 0.901.00 was considered as very high; 0.70-0.90 as high;
0.50-0.70 as moderate; 0.30-0.50 as low; and 0.00-0.30
as negligible.28 For discriminative validity, the MannWhitney U tests was used to compare I-PRRS scores
between athletes returning to sport and those who
visited their physical therapist for initial intake. Statistical significance was determined at the p<0.05
level. Statistical Package for the Social Science (IBM
SPSS, Chicago, IL, version 22) for Windows was used
for statistical analysis.
RESULTS
Translation procedure
After forward translation, the versions from the two
forward translators were merged. After that, the
two forward translators needed one round before
consensus was reached. The expert committee
subsequently needed two rounds before consensus

was created about grammar and comprehensibility. After back translation and comparison with
the original version,20 a consensus round between
both back translators was not required. In the Dutch
translation, the word “sport” now refers to “play” in
questions 1 and 2, because in Dutch “play” refers
to certain sports. In questions 4 and 5, the words
“during injury” were added. There were no comments on the pretest version and no further modifications were made to the final version.
Characteristics of athletes
The 168 athletes returning to sport after lower
extremity injury consisted of 117 (70%) males.
Median age was 25 years (range 18-42). Of the 162
injured athletes who initially visited their physical
therapist, 107 (66%) were male. Median age was 25
years (range 18-45) (Table 1). Injuries that occurred
in the 330 athletes were 56 ACL injuries that were
operated (17.0%), 58 conservative treated knee injuries (17.6%), 54 calf injuries (16.4%), 52 hamstring
injuries (15.8%), 55 ankle inversion injuries (16.7%),
and 55 adductor injuries (16.7%).
The scores on each item of the I-PRRS and the total
score of the I-PRRS for both athletes returning to
sport and athletes initially visiting their physical
therapist are presented in Table 2. Athletes who had
clearance to RTS, scored significantly higher on all
the I-PRRS questions and total score on the second
administration (p<0.001) (Table 2).
Floor or ceiling effects
No floor or ceiling effects were found. On the I-PRRS,
total scores of the 168 athletes returning to sport

Table 1. Characteristics of Athletes Returning to Sport and Athletes Initially
Visiting Their Physical Therapist.
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Table 2. Scores on the I-PRRS in Athletes Returning to Sport and Athletes Initially
Visiting Their Physical Therapist.

Table 3. ICCa between ﬁrst and second administration of I-PRRS in Athletes Returning
to Sport (n=168).

ranged on the first administration from 29 to 60
(table 2). On the second administration, total scores
ranged from 36 to 60. On both the first and second
administration, no athletes had a minimum score of
zero. On the first administration, nine athletes (5%)
and on the second administration 20 athletes (12%)
had a maximum score of 60 indicating maximum
confidence.
Internal consistency
The Dutch translation of the I-PRRS had good internal
consistency on the first and second administration
with Cronbach’s alpha 0.85 and 0.90, respectively.
Reproducibility
Good test-retest reproducibility was found on
all items of the I-PRRS with ICCa ranging from

0.61-0.72 for individual questions. The total score
of the I-PRRS had good test-retest reproducibility
with ICCa 0.74 (95% CI 0.43-0.86), where 0.43 as the
lower bound of 95% CI indicates at least fair reproducibility (Table 3).
The mean difference of the I-PRRS between the first
and second administration was 2.74 (±3.97). The
SEM was 2.02 and the MDC 5.58 points.
Construct validity
For convergent validity, a significant (p<0.001) but
fair correlation was found between the total score on
the I-PRRS and the total score on the TSK (rs=0.41).
The negligible to fair correlations between the total
score on the TSK and the individual questions of the
I-PRRS were all significant (p<0.05) (Table 4).
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Table 4. Spearman Correlations between I-PRRS and TSK (n=168).

Discriminant validity
Athletes returning to sport had significantly
(p<0.001) higher scores on all items of the I-PRRS
and the total score of the IPRRS compared to athletes who initially visited their physical therapist
(Table 2).
DISCUSSION
The Dutch I-PRRS had good internal consistency
and good test-retest reproducibility, where the lower
bound of 95% CI indicates at least fair reproducibility
in a sample of 168 athletes returning to sport after
lower extremity injury. The MDC of 5.58 points on
the total score indicated that with a change in score
below six, there is no noticeable change outside the
measurement error. The I-PRRS has a fair, statistically significant correlation with the TSK. Athletes
returning to sport can be differentiated from athletes who initially visited their physical therapist on
all items and on total score of the I-PRRS.
The original study developing the I-PRRS did not
described measures of reproducibility.20 However,
a study using the Persian translation of the I-PRRS
found excellent reproducibility with ICC 0.97 (95%
CI 0.93-0.98)16 in athletes who missed practice and
competition due to the injury for at least one week.
The lower ICC of 0.74 in our study could be explained
by mixed emotions at the time the athlete returns
to sport. Athletes have low confidence immediately
after injury and confidence increases during rehabilitation.29 At the time of returning to sport, fear
is reported in approximately 40% of the athletes
compared to approximately 13% during rehabilitation.17 Beside positive excitement in athletes around
the time RTS is allowed, fear and doubt related to
the ability to RTS are prominent emotions.17,18,30 The
one-week interval between the first and second administration could explain the differences of the I-PRRS,
with mixed emotions at the moment they had clearance to RTS and more psychological readiness and

confidence after one week. This may lead to a larger
confidence interval and a lower ICC as compared to
Naghdi et al.16
Slagers et al.31 translated and validated the Anterior Cruciate Ligament Return to Sport after Injury
scale (ACL-RSI) in Dutch.31 This questionnaire measures emotions, confidence in performance, and
risk appraisal in athletes returning to sport after
ACLR. The Dutch ACL-RSI showed good internal
consistency (Cronbach’s alpha 0.94) and excellent
test-retest reproducibility (ICC 0.93).31 The Dutch
ACL-RSI showed a correlation of rs=0.46 (p<0.001)31
with the TSK which was comparable to the findings
of this study. The low correlation with the TSK indicates that the construct of the TSK does not correspond with the I-PRRS and ACL-RSI. Therefore, the
TSK and I-PRRS should not be used interchangeably as the TSK measures fear of movement or
kinesiophobia that is not similar to fear of reinjury
and psychological readiness to RTS.32 However, no
validated Dutch questionnaire(s) exists measuring
fear, confidence, locus of control, or profile of mood
states regarding RTS after lower extremity injuries
in general.
Limitations
This study had some potential limitations. First, the
selection of athletes with six types of injuries requiring different lengths of rehabilitation and a large
range of rehabilitation time (0-98 weeks) could have
led to greater ranges in scores on the I-PRRS and
consequently larger confidence intervals. This may
explain the lower limits of the confidence intervals
of the ICC’s and the fair to low test-retest reproducibility. In addition, the definition of RTS according
to the relatively large number of physical therapists
could have created larger confidence intervals. However, more variation on the I-PRRS in a generalizable
population could produce higher ICC’s with smaller
confidence intervals. The second limitation is the
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one-week interval between the first and second
administration where psychological readiness could
have been changed. In athletes who RTS, maximally
one week after the first administration, a noticeable
significantly higher score was found on the second
administration on all items and on the total score
of the I-PRRS. These findings could indicate that
one week after clearance for RTS, athletes are more
confident in returning to sport. By carrying out performance tests immediately after clearance for RTS,
athletes could have become more certain and less
afraid. A shorter time interval where circumstances
in the psychological and physical factors may not
have changed, but still protecting against memory
bias, might produce smaller confidence intervals
and higher ICC’s and consequently a lower SEM and
MDC.
In this study, the I-PRRS was investigated in high
impact athletes returning to sport. While most of
the injured athletes return to their preinjury sport,
only about half of them actually return to their preinjury performance level.3-5 Return to performance
extends the RTS element and is defined as “Returning to the defined sport and performing at or above
the preinjury level”.19 As a next step, it is recommended to investigate the prognostic value of the
I-PRRS for return to performance in a prospective
study, following athletes who actually returned to
their sport. If returning to performance is related to
confidence at the time the athlete returns to sport,
this gives information about required scores on the
I-PRRS, psychological interventions, and the chance
of return to performance.
Clinical relevance
Despite physical rehabilitation and good functional
scores, psychological factors and fear largely influences successful rehabilitation and RTS.14,18,33,34 Fear
and psychological readiness is underestimated as a
critical factor for RTS, not commonly monitored, and
physical therapists might feel that evaluating psychological readiness is outside their scope.35 Nonetheless,
it is important to recognize and monitor psychological factors in addition to the physical recovery.14,34,36
Fear or psychological uncertainty is modifiable and
can improve the readiness for RTS.17,18,34 Techniques
addressing fear and athletic confidence can be
incorporated during rehabilitation.13 Psychological

interventions increase confidence and reduce reinjury anxiety in athletes.33,37,38 The I-PRRS could be
used for measuring and monitoring psychological
readiness for RTS. If the athlete seems psychologically not ready to RTS, psychological interventions
could be considered, possibly in collaboration with a
sport psychologist.
CONCLUSIONS
The I-PRRS was successfully translated into Dutch
and showed good internal consistency and good testretest reproducibility, where the lower bound of 95%
CI indicates at least fair reproducibility. To assess
and monitor psychological readiness to RTS, the
I-PRRS can be administered in athletes with lower
extremity injuries who have clearance to return to
their sport. With a change in score below six, there
is no noticeable change outside the measurement
error. The prognostic value of the I-PRRS in athletes
who actually return to performance (or not) should
be investigated in future research.
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CASE SERIES

PAIN AND PHYSICAL PERFORMANCE AMONG
RECREATIONAL RUNNERS WHO RECEIVE A
CORRECTION FOR AN ILIAC CREST HEIGHT
DIFFERENCE: A CASE SERIES
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ABSTRACT
Background: Leg-length inequality (LLI) is a musculoskeletal condition where one lower extremity is longer than the other. There is conflicting evidence on the relevance of LLI and conservative treatment
options. Iliac crest height difference (ICHD) is a good estimate of LLI.
Objective: To observe changes in pain and performance among recreational runners with running-induced
lower extremity pain who received ICHD correction.
Methods: A 12-week case series with multiple baseline and intervention (A-B-A-B) phases was used to
observe the effects of ICHD correction on pain and performance among three symptomatic recreational
runners. Primary outcome measures included the Lower Extremity Functional Scale (LEFS), the Visual
Analog Scale –Worst Pain (VAS-W), symptom-free running distance, and average running speed. A standardized procedure for fabricating an in-shoe shim was utilized for ICHD correction.
Results: There were no clinically important differences in functional capacity for any subject between any
phases. Also, two subjects demonstrated trends towards increased pain over the 12-week experimental
period, whereas one subject demonstrated a decrease. One subject demonstrated a statistically significant
increase in running distance during intervention phases, but the others demonstrated reductions. All subjects demonstrated trends towards increased running speed, but none were statistically significant.
Conclusion: The correction of small ICHD < 9mm did not improve pain or performance among recreational runners. Individuals with small ICHD may be able to effectively compensate for lower extremity
asymmetries; therefore, correction seems to be unnecessary and potentially harmful in short-term.
Level of Evidence: Therapy, level 4
Keywords: Distance, injury, leg-length inequality, movement system, Palpation Meter, running
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BACKGROUND
In 1981 Subotnick,1 a podiatrist, published a clinical
commentary entitled, “Limb length discrepancies of
the lower extremity.” In this commentary he stated
that 40% of his athletic patients had some type of leglength inequality (LLI). He purported that LLIs “often
cause disabling problems for runners”1,p.11 which
could affect the lumbar spine, pelvis, hip, and lower
extremities. Additionally, he asserted that LLI as little
as 1/8 inch may require correction if associated with
“imbalance symptoms.”1,p.11 His rationale was the “rule
of three,”1,p.15 which is that “biomechanical abnormalities of the lower extremity tend to be three times
more significant in running than in walking.”1,p.15

evidence exists indicating a strong relationship
between LLI and injury. This is supported by a
prospective observational cohort study conducted
by Rauh7 in 2018 that found no significant relationship between LLI and running-related injury among
high-school cross-country runners. Furthermore, it
remains unclear if correction of LLI with an in-shoe
shim among symptomatic runners is beneficial. Iliac
crest height difference (ICHD) has demonstrated
good validity for estimating LLI.8 The purpose of this
case series was to observe changes in pain and performance among recreational runners with runninginduced lower extremity pain who received ICHD
correction.

Subotnick’s assertions are not completely unfounded.
A systematic review in 2017 conducted by Khamis
and Carmeli2 concluded that a significant positive
relationship exists between LLI and gait deviation.
Walsh et al3 concluded that artificially induced LLI
caused compensatory mechanisms of the pelvis,
knee, and ankle during 3D analysis of gait. Specifically, this study found that LLI up to ~2cm can be
accommodated for primarily by pelvic tilting in the
coronal plane. Moreover, LLI larger than 2cm was
associated with kinematic changes in the sagittal
plane, specifically greater knee flexion on the longer lower extremity and greater ankle plantarflexion
on the shorter one. In addition to asymmetrical gait
kinematics, LLI has been associated with asymmetrical kinetics.4,5 Perttunen et al5 found increases in
stance time (p ≤ 0.001), ground reaction forces (p <
0.027), and plantar pressures (p < 0.037) during gait
in the longer limb among teenagers with moderate
LLI (mean LLI =2.8cm); larger disparities in ground
reaction forces were found with increased walking
speed (p = 0.001). In contrast, White et al6 found
trends towards increased ground reaction forces in
the shorter limb among individuals with structural
and artificially induced LLI ranging between 1-3cm.
Furthermore, gait asymmetry may become greater
as LLI magnitude increases. Seeley et al4 found statistically significantly differences in knee and ankle
joint kinetics during gait between individuals with
LLI >1cm and those with LLI < 1cm; indicating
greater asymmetry among those with larger LLI.

METHODS

Although LLI may be associated with asymmetrical
kinematics and kinetics during gait, no definitive

Subjects
Three subjects were recruited for participation in
this multi-phase case series (A-B-A-B); see Table 1
for subject characteristics.
Test Administration
All measurements were performed by the principal investigator (PI), a licensed physical therapist.
Each participant signed an informed consent form,
completed a physical activity readiness questionnaire (PAR-Q), and completed a running-related
questionnaire. Upon inclusion into the study, each
subject completed a Lower Extremity Functional
Scale (LEFS) questionnaire, indicated a score on
the Visual Analog Scale –worst pain (VAS-W), had
iliac crest height difference (ICHD) measured, had
innominate rotation (IR) measured, and completed
a treadmill running test.
The LEFS is a valid and reliable self-report tool used
to measure lower body musculoskeletal dysfunction. Binkley et al9 determined test-retest reliability
of the LEFS to be good (r=0.86), construct validity
to be good (r=0.80), and minimally clinically important difference (MCID) to be 9 points. Similarly, the
VAS-W has demonstrated good validity (r=0.72),
reliability (ICC = 0.76; SEM = 0.6), responsiveness
to change (ρ=0.68), and MCID of 2cm among adolescents and adults with knee pain.10
ICHD and IR were measured using the palpation meter (PALM) method. The PALM is a device
containing both a caliper and an inclinometer
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Table 1. Subject characteristics.

that is used for measuring skeletal asymmetries.
(Figure 1) Petrone et al8 demonstrated excellent reliability (intra-rater ICC = 0.93-0.99; inter-rater ICC
= 0.75-0.94) and validity (ICC = 0.80-0.96) with the
PALM for measuring iliac crest height difference
(ICHD). Also, Krawiec et al11 reported nearly perfect
intra-rater reliability for innominate rotation measurement with the PALM (ICC = 0.99, SEM = 0.47°).
Several methods were used to minimize measurement
error. First, a platform was used to standardize the
standing surface for all ICHD and IR measurements.
The platform surface was checked for levelness prior
to each measurement to ensure the platform was level
within 0.5 degrees of 0° on all sides and it was placed
upon a hard tile surface during all measurements.
Second, standing position was standardized. Subjects
were instructed to stand with their feet shoulder
width apart with feet facing anteriorly without any
angulation and with equivalent weight distribution to

Figure 1. The Palpation Meter (PALM) method for measurement of innominate rotation (on left) and iliac crest height
difference (on right).

each lower extremity. Rauh et al12 described a similar
standing position for measurement of Q-angles. The
center of the posterior aspect of the heel was used as
the anatomical points to demarcate the boundaries of
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Table 2. Intraphase speeds, distances, and pain.

the stance width. Each subject’s stance width was measured, recorded, and reproduced for all subsequent
measurements. Third, each subject was instructed to
stand in a fully erect position with no bending of the
ankles, knees, hips, or spine, and to fold their arms
across their chest. This position was used by Petrone
et al8 to validate the PALM method of measurement.
Fourth, once subjects were in a good position immediately prior to measurement they were asked to take
a breath, exhale, and relax their abdominal muscles.
This allowed the PI to palpate the iliac crests without interference from tension in the abdominal
muscles. Finally, all subjects were required to wear
clothing that facilitated optimal anatomical landmark
palpation.

ICHD and IR measurements were performed by the
PI weekly on each subject. Measurements began with
the PI palpating the superior aspect of each iliac crest.
Then, the PI placed the tips of the PALM caliper arms
on the most protrusive superior aspect of the iliac crests
and read the inclinometer to determine the angulation and laterality, if present, and the magnitude of
the distance between the caliper tips. The PALM calculator then determined the ICHD. Similarly, IR was
measured using the PALM. First, the anterior superior
iliac spine (ASIS) and the posterior superior iliac spine
(PSIS) were palpated. Then, the caliper tips of the
PALM were placed unilaterally on the most protrusive
palpable point of both the ASIS and PSIS. Both left and
right sides were measured and recorded.
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Finally, each subject completed the treadmill running test. Subjects ran on a Precor 833 treadmill
with 0% grade at their self-selected preferred running speed. Each subject’s preferred running speed
was measured on the treadmill’s digital output. The
running test was terminated if any subject reported
any significant musculoskeletal pain or reached a
running distance of 5km. The distance each subject
could run was capped at 5Km because it is a common recreational running distance and because it
might improve the specificity of the test, compared
to allowing any running distance, for reproducing
symptoms among subjects who reported runningrelated lower extremity pain.
Data Collection
Subjects were recruited in series approximately
every two weeks between May and July 2017; care
was taken to avoid interaction between subjects
in order to minimize subject bias. Subjects were
required to attend an appointment once per week
for 12 weeks. Upon arrival to each appointment,
subjects completed a LEFS questionnaire, a VAS-W
pain score, ICHD and IR measurements with and
without shoes/corrective shim, and the treadmill
running test. In order to monitor compliance with
LLI correction during the experimental period of the
study, each subject completed a daily log indicating
the LLI correction magnitude and how many hours
the correction was applied.
Intervention
The study was split into four phases, each phase
being three weeks in duration. The first phase established baseline data stability; therefore, no intervention was administered. The intervention was
initiated upon the beginning of Phase 2. The purpose
of Phase 2 was to gradually develop and apply the
intervention, which was an insole shoe shim to correct LLI. The intervention was withdrawn upon the
beginning of the third phase. Finally, the intervention was resumed upon the beginning of Phase 4.
A total of three subjects received the intervention,
which was correction of LLI with a rigid plastazote
shim applied to the insole of the shoe on the side
of the shorter lower extremity. Plastazote is a crosslinked polyethylene foam and is commonly used for
fabrication of foot orthotics.13

Upon the beginning of Phase 2, the rigid plastazote
shim was fabricated and applied to the insole of
each subject’s shoe. Each subject received a gradual, self-selected, correction during Phase 2 until
an optimal shim magnitude was achieved. Golightly
et al14 reported improved symptoms and function
with a graduated, self-selected, LLI magnitude correction procedure among 12 subjects with LLI and
chronic low back pain; mean correction was equal
to 61% of total LLI and shim height progressed
3.18mm every 7-10 days. In the current study, the
initial correction was ~50% of the average ICHD
measured during Phase 1; subsequent corrections
were made weekly and increased an additional
~25% of the ICHD until the optimal correction
magnitude was achieved. The optimal correction
magnitude was based upon each subject’s report. A
“better, worse, or no difference” scale was used to
assess the progression of the shim correction. Shim
modifications, if indicated, were made prior to the
treadmill running test for each subject during each
assessment day. As long as a subject did not report
the shim correction to feel “worse,” the correction
continued to progress. If a subject reported the correction made them feel “worse,” then the shim was
returned to the previous shim correction that they
reported to feel “better” or make “no difference.” No
subject received a total correction greater than the
ICHD. The shims began as ¾ foot length and progressed to a full foot-length. As suggested by Subotnick,1 the shims were tapered from heel to toe with
full correction at the heel, 50% correction at midfoot, and 25% correction near the toe.
The intervention was withdrawn from each subject during the third phase of the study. During
this phase each subject continued to attend weekly
appointments and outcome measurements, but
subjects were instructed not to use the shim. The
purpose of this phase was to assess the interventionresponse relationship through comparison of outcome measures between phases, particularly with
the final intervention phase.
Upon the beginning of Phase 4, the intervention
resumed and subjects were instructed to re-apply the
shim as done previously. Subjects were able to use
the shim producing “optimal ICHD correction” during the entire final phase. Subjects were instructed
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to turn in a compliance journal upon their final
appointment.
Data Analysis:
Outcome measures analyzed were Lower Extremity
Functional Scale (LEFS) scores, Visual Analog Scale
– Worst pain (VAS-W), and the treadmill running
test. The treadmill running test included average
running speed and symptom-free running distance.
Minimal clinically important difference (MCID) was
used to determine significant differences between
phases for VAS-W and LEFS scores. Data stability
within phases for running speed and distance was
established using the two standard deviation band
method. This statistical method has been previously
advocated for analysis in single-subject designs
when combined with visual data analysis and establishment of baseline stability.15 Trends within phases
were analyzed by plotting a celeration line and calculating its slope. Changes in level between phases
were calculated using the mean, first, and last values
within phases of each outcome measure. LEFS, VASW, treadmill running test data, and ICHD correction
compliance logs were analyzed using descriptive
statistics.
RESULTS
There were no significant differences in LEFS scores
for any subject between any phases. Subject 1 scored

80 out of 80 points (100% functional capacity) on the
LEFS for each assessment over the 12-week study
period. Subject 2 demonstrated a 5-point reduction
on the LEFS over the 12-week study period (i.e. from
65 out of 80 points [81.25% functional capacity] to 60
out of 80 points [75% functional capacity]); which
did not exceed the minimally clinically important
difference (MCID) of 9 points, but it did indicate a
trend towards reduced functional capacity. Subject
3 trended towards an increased functional capacity
evidenced by a 6-point improvement on the LEFS
over the 12-week study period (i.e. from 68 out of
80 points [85% functional capacity] to 74 out of 80
[93% functional capacity]) which was not a clinically
important change. See Figure 2 for depiction of functional capacity changes over time.
Although no subject demonstrated a significant
change in functional capacity, there were significant
changes in pain. Subject 1 demonstrated no significant changes in VAS-W exceeding the 20mm MCID
between Phases 1, 2, or 3, but there was an increase
in mean pain during Phase 4 that was significantly
different than mean pain in Phases 1, 2, and 3.
Similarly, subject 2 indicated clinically significant
changes in VAS-W between phases. However, the
only clinically significant change in pain between
any phase for subject 2 was a ~23 mm mean point
estimate reduction in pain between Phases 2 and
3. In contrast, subject 3 did not demonstrate any

Figure 2. Functional changes over time as measured by the Lower Extremity Functional Outcome Scale (LEFS).
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significant changes in mean pain score between any
phases. See Figure 3 for depiction of pain over time.
The treadmill running test produced variable results.
Subject 1 demonstrated a trend towards reduced
symptom-free running distance over the 12-week
study period. In Phase 1, subject 1 demonstrated
an increase in running distance level evidenced by
first distance ran of 3.77Km and last distance ran of
5Km. Subject 1 demonstrated no significant changes
in running distance between Phases 1 and 2; however, there was a significant reduction in running
distance in Phase 4 compared to baseline Phases
1 and 3 evidenced by the two standard deviation
band method. In contrast, subject 2 demonstrated a
significant reduction in symptom-free running distance between Phases 1 and 2, and between Phases 1
and 4, but no significant changes between any other
phases evidenced by the two standard deviation
band method. Although there was a trend towards
increased running distance between Phases 3 and 4,
the difference was not statistically significant. Unlike
subject 2, subject 3 demonstrated a statistically significant improvement in symptom-free running distance between Phases 1 and 2, between Phases 1 and
4, and between Phases 3 and 4 evidenced by the two
standard deviation band method. See Figure 4 for
depiction of running distance changes over time.

As for speed, subject 1 did not demonstrate any significant change in speed between phases, but did
demonstrate a trend towards increased speed over
the 12-week study period. Subject 2 was the fastest
compared to the other subjects averaging between
2.34-3.36m/s within phases. He demonstrated an
overall trend towards increased running speed over
the 12-week study period, but there were no statistically significant differences in speed between any
phases based upon the two standard deviation band
method. Subject 3 did not demonstrate statistically
significant changes in running speed between any
phases based upon the two standard deviation band
method, but trended towards increased running
speed. Interestingly, subject 3 recorded his highest
mean running speed of 3.06 ±1.20m/s in Phase 3,
when the intervention was withdrawn. See Figure 5
for depiction of running speed changes over time.
DISCUSSION
The purpose of this case series was to describe an ICHD
correction method and subsequent outcomes among
three symptomatic recreational runners with small
ICHD. No subject demonstrated significant improvement in self-reported functional capacity, pain, or
running speed between any phase over 12-weeks;
however, one subject did significantly improve running distance during an intervention phase.

Figure 3. Changes in pain over time, reported using the Visual Analogue Scale (VAS).
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Figure 4. Changes in running distance over time, reported in kilometers.

Figure 5. Changes in running speed over time, reported in meters/second.

There were no clinically important changes in selfreported functional capacity demonstrated by any
subject between any phases. Lower extremity functional scale (LEFS) scores ranged from 75%-100%.
Subject 1 consistently reported 100% function upon
each assessment over the 12-week study period,
despite fluctuations in reported pain. This finding
may indicate presence of a ceiling effect with the
LEFS when used to assess functional capacity among

recreational runners or indicates other biases associated with self-report outcome measures.
As for pain, subjects 1 and 3 demonstrated overall
trends towards increased pain over the 12-week
study period, whereas subject 2 demonstrated a
trend towards decreased pain. Subject 1 demonstrated a significant spike in pain during the final
phase of the study. This spike in pain elevation was
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accompanied by a reduction in both running speed
and distance. The pain reported by subject 1 was
due to a blister that had formed on the posterior surface of his left heel, the same side where the shim
was used.
All subjects demonstrated increased running speed,
but there were no significant improvements between
any phase for any subject. Subjects were allowed to
select their own preferred running speeds, but there
was no motivation for them to run faster. Additionally, subjects were not blinded to the digital treadmill speed display, which could have biased subject’s
running speed choice.
There were several limitations of this case series.
Although care was given to develop a proper corrective shim, subject 1 developed a blister with application of a 6.9mm corrective shim. The addition of a
shim within a shoe may alter the intended fit of the
shoe around the foot, which may cause foot discomfort or injury, as it did for subject 1. Future studies
may consider using a custom orthotic, designed by a
specialist, which can be appropriately fitted to a shoe
that is designed to accommodate such things. Alternatively, future studies may consider applying the
height correction to the external aspect of the shoe.

factor. Two intervention phases, each three weeks
in duration, were utilized to assess the effects of the
shim intervention. The first intervention phase was
used to gradually build the shim to the appropriate
height. The second intervention phase was the only
phase where the full shim correction was applied;
therefore, the longest duration of continuous application of the shim intervention was three weeks. This
brief intervention duration may have been insufficient to produce beneficial effects due to potential
need for the body to gradually accommodate to the
new changes in leg-length. Longer intervention duration of shoe inserts has been previously shown to be
effective for treatment of pain. Defrin et al17 determined LLI correction of 1cm or less with shoe inserts
applied over a 10-week experimental period was an
effective treatment for chronic low back pain. Future
studies investigating LLI correction with shoe inserts
should consider longer follow-up periods to assess
the long-term effects of the intervention.

Another limiting factor of this study was non-compliance with the intervention. Subject 1 used the
corrective shim when instructed to do so during
Phase 2 approximately 8hr./day on average (ranging 2-16 hr./day). During Phase 4, subject 2 reduced
time of shim usage to approximately 4hr./day on
average (ranging from 0 hr. – 12 hr./day); this reduction in compliance coincides with the time subject
1 indicated formation of a blister on his heel. Subject 2 was non-compliant with the corrective shim
at home during all intervention phases; his shim
usage was approximately 0.01hr./day on average for
both Phases 2 and 4. Subject 3 was the most compliant with corrective shim usage with approximately
8hr./day of usage for both Phases 2 and 4 (ranging
6-12hr./day). Non-compliance with heel lifts has
been previously reported. Goss et al16 reported mean
heel lift compliance to be 38% among a group of military cadets.

Another consideration is the origin of pain for the
subjects in this study. All subjects reported the location of pain to be in the knee; previous studies indicate the knee is the most commonly injured region
among runners.12,18 Subject 2 reported his knee pain
was a result of trauma and was diagnosed by a physician as a meniscus tear. He was the fastest runner out of all the subjects and demonstrated a trend
towards increased speed over time; however, as his
speed increased, his running distance decreased; it is
plausible that the nature of his injury prevented any
beneficial effects of the corrective shim. In contrast,
subjects 1 and 3 indicated their knee pain was due
to overuse and was not diagnosed by a physician.
Subject 1 demonstrated a significant increase in pain
during the final intervention phase, but the pain was
in his heel, not his knee; this makes interpretation
of results difficult. Subject 3 was the only subject to
demonstrate a statistically significant improvement
in running performance during intervention phases.
These results imply that clinicians should include
the etiology of the injury into the decision-making
process for treatment of pain with a corrective shim
among individuals with ICHD > 5mm (i.e. a traumatic etiology may contra-indicate correction).

In addition, the length of the intervention periods in
this study must be considered as a potential limiting

The results of this case series did not find ICHD
correction to be beneficial for pain or physical
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performance among adult male recreational runners
with small ICHDs (5.6-8.4mm). Previous research
suggests the discrepancy threshold at which LLI
begins to significantly alter gait symmetry and negatively impact gait economy is between 2-3cm.4,5,19
Given this information, it is likely that the human
body is able to effectively compensate for small LLI
(i.e. < 1cm) while running, therefore correction
appears to be unnecessary.
CONCLUSION
In this small case series, the correction of ICHD in
symptomatic recreational runners with ICHD <
9mm did not significantly improve pain or physical
performance. No subject demonstrated statistically
significant improvements in pain or self-reported
functional capacity during any intervention phases
throughout this study. Clinicians who are considering using this treatment should systematically evaluate the runner’s response to the intervention and
understand that correcting small ICHD could exacerbate symptoms.
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ABSTRACT
Study Design: Case Report
Background and Purpose: The use of pain neuroscience education (PNE) is indicated when there are psychosocial
contributions to a person’s pain experience. The scientific literature has established the efficacy of the use of PNE in
a population with chronic pain but there is a paucity of evidence to support the use of PNE in athletic populations.
The purpose of this case report is to describe the use of PNE and graded exposure exercises specific to an athlete
returning to Olympic weightlifting.
Case Description: The patient underwent an L5-S1 discectomy to resolve paresthesia in his leg, completed a bout of
post-operative rehabilitation but returned 15 months after the surgery. He presented with the chief complaint of low
back tightness and fear of lumbar flexion. When asked to touch his toes during the lumbar flexion range of motion
examination, he demonstrated aberrant lumbar movement by hinging at the hips with a straight back due to fear that
flexing would damage his lumbar spine. The patient was seen for four weeks with a focus on PNE and graded exposure to weightlifting activities.
Outcomes: The patient returned to Olympic weightlifting and decreased his Fear Avoidance Behavior Questionnaire
(FABQ) score from 22 to 4 during the course of physical therapy. His Tampa Scale of Kinesiophobia (TSK) score also
decreased from 55 to 31. By discharge, he was able to bend at the lumbar spine with full flexion and no longer believed
the motion to cause damage.
Discussion: The case is unique because it describes the implementation of PNE in an athlete returning to weightlifting, and the scientific literature for use of PNE in this population is lacking. The identification of kinesiophobia and
implementation of PNE and graded exposure exercises lead to an optimal outcome for this patient.
Level of Evidence: Level 4
Key Words: graded exposure, kinesiophobia, lumbar discectomy, movement system, pain neuroscience education,
weightlifting
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BACKGROUND AND PURPOSE
Treatment of patients with low back pain can be
limited when a patient presents with psychosocial
factors such as depression, anxiety, misconception
of pain, and previous negative pain experience.1,2
When using patient reported outcome measures
such as the Roland-Morris Disability Questionnaire
(RMDQ), Fear Avoidance Beliefs Questionnaire
(FABQ), and McGill Pain Questionnaire (MPQ) with
patients with low back pain, studies have shown
that higher scores on the FABW, MPQ and RMDQ are
more correlated with the aforementioned psychological factors than physical examination or imaging
findings.1,2
The efficacy of using Pain Neuroscience Education
(PNE) in the treatment of musculoskeletal pain in
the general population has been well established in
the scientific literature.3 Physical therapy (PT) in conjunction with PNE can be effective at reducing pain
and fear of movement in populations with chronic
lower back pain.3,4 More specifically, PNE has been
successfully implemented in patients with complex
regional pain syndrome, lower back pain, chronic
lower back pain, and patients undergoing lumbar
surgery.4–6 Patient education sessions focusing on
PNE involves teaching the patient how the nervous
system processes pain using neurobiology and neurophysiology constructs.7 The use of PNE is indicated
when there are significant contributions from psychosocial factors in a person’s pain experience such
as depression, fear avoidance, previous injury, etc.
The goal of PNE is to shift a person’s understanding of pain as a sign of injury to more of an alarm
system used for the body’s protection.8 Results from
a recent systematic review of studies of patients
with chronic low back pain indicate that PNE alone
can decrease low back pain-related disability in the
short-term, however PNE must be combined with
other physiotherapy interventions such as exercise
and manual therapy in order to maximize its effects
on pain and disability.4 Despite the supporting evidence for implementing PNE into clinical practice,
there is little known about the application of PNE to
an athletic population with fear avoidance behavior.
Most athletes are used to receiving treatment based
on the biomedical model9 and could possibly display
resistance against PNE interventions because of this
expectation. In particular, Olympic weightlifters with

low back pain may be at heightened risk of developing fear avoidance behavior due to the required
coordination of the spine and lower extremities and
loading demands of the spine with various weighted
lifts such as cleans, deadlifts and squats.9,10 Although
evidence to the support the use of PNE and graded
exposure techniques has been less established in the
literature for athletes, rehabilitation professionals
have been implementing this into practice for quite
some time with athletes. One prime example is a
rehabilitation professional who has to provide graded
exposure, evidence based strengthening and neuromuscular control exercises, and encouragement to
an athlete post anterior cruciate ligament reconstruction with fear avoidance behavior regarding return
to sport.11,12 Due to the demands placed on each and
every bodily system in the athlete, they may require
a biopsychosocial approach that is exceeds the needs
of the general population.9 Along with the PNE, the
graded exposure would have a continuum that is
related to the athletes sport rather than a daily activity they are having difficulty with.
Graded exposure exercise and activities have been
used in conjunction with PNE. Graded exposure
allows the patient to confront specific situations
they may be fearful of in a gradual and non-threatening manner allowing a decrease in fear-avoidant
behaviors. The patient can be gradually exposed
to multiple situations including, but not limited
to: Activities of Daily Living (ADL’s), lumbar flexion, a wide variety of work tasks, or as seen in this
case report, higher-level weightlifting. The available literature supports the use of graded exposure
in patients with chronic low back pain, but little is
known about the use of PNE after discectomy.1 Preoperative PNE has been utilized for patients undergoing lumbar discectomy and has been shown to
reduce healthcare costs, pain, and disability.13 To
the authors’ knowledge, PNE utilization has not
been studied post-operatively. The subject of this
case report was not seen by the resident physical
therapist immediately post-operatively, but received
care that did not include PNE. During the 2nd bout
of physical therapy, PNE was included in the plan
of care by the resident physical therapist and offers
valuable points to consider for post-operative care.
Compared to pre-operative PNE utilization, the subject in this case report had held his beliefs about pain
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for months and had done his own research regarding his condition which may have made it more difficult to educate the subject correctly. In addition
to PNE, the integration of graded exposure into the
treatment of musculoskeletal pain has the ability to
decrease catastrophization, which is broadly defined
as an exaggerated negative “mental set” that surfaces
during an actual or anticipated pain experience,14 in
subjects with lower back pain. 15,16
Applying graded exposure techniques to facilitate
the return of an athlete to Olympic weightlifting
should be guided by a linear periodization model
that allows for a systematic and predictable method
of progression while utilizing strength and conditioning principles in order to increase strength and
power. Managing psychosocial factors in conjunction with orthopedic impairments in athletic populations is a challenge for sports physical therapists
because of a lack of research to guide the decision
making and implementation of PNE and graded
exposure. Therefore, the purpose of this case report
is to describe the use of PNE and graded exposure
interventions specific to an elite athlete returning
Olympic weightlifting.
CASE DESCRIPTION: SUBJECT HISTORY
A 37-year old male presented to a primary care physician in 2016 with left-sided low back pain with
radicular symptoms down the left posterior thigh
and lower leg to the calf (Figure 1). The subject

reported that the injury occurred during a barbell
deadlift. Prior to consultation with the surgeon, a
magnetic resonance imaging (MRI) was ordered by
his primary care physician and confirmed a L5-S1
disc herniation. The subject did not receive PT
before surgery, he had an appointment scheduled
but did not attend. Given the physical exam findings
of myotomal weakness, diminished reflexes, a positive straight leg raise and MRI results, the surgeon
and subject agreed that surgery was the best course.
A lumbar discectomy was performed in November
of 2016 at L5-S1 with a S1 foraminotomy, hemilaminectomy and medial facetectomy. Subject stated,
upon discharge the surgeon instructed the subject
to follow up with PT in three to four weeks, and
instructed the subject to “never return to Olympic
weightlifting.”
Subsequently, the subject presented to an outpatient
PT clinic approximately five weeks post-surgery.
The subject’s primary complaints were low back
pain and radicular symptoms into buttock, whereas
prior to surgery the symptoms radiated into the foot.
The subject yielded a score of 20% on the Oswestry Disability Index (ODI). The ODI is comprised of
10 items scored from 0 to 5. Item scores are added
and then divided by the total possible number of
points (50) to calculate the overall score as a percentage from 0% to 100%. Higher scores signify
greater disability. The ODI has demonstrated strong
psychometric properties with a threshold of 50%
improvement as a valid measure for defining success with a Minimally Clinical Important Difference
(MCID) of 10%.17,18
Treatment was targeted at increasing range of
motion, strength and function through the use of
manual therapy and exercise directed towards the
lumbar spine. The subject responded very positively
to repeated lumbar extension and therapeutic exercise, which not only improved his range of motion
but also his radicular symptoms into the buttock.
The subject was discharged from PT with an ODI
score of 6%, yielding a 14% score reduction from
original ODI score and meeting the MCID of 10%.

Figure 1. The patient’s body chart at the 1st physical therapy initial examination.

One year after completing postoperative rehabilitation and a total of 19 months after surgery the subject presented to PT, to the same physical therapist
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and the TSK is best when assessing kinesiophobia.19
The raw subject score on the FABQ-PA was 22 and
51 on TSK suggesting moderate to high levels of
fear and kinesiophobia. A score greater than 15 on
the FABQ-PA is considered high, and the maximum
score on the TSK is a 68, with higher scores suggesting greater amounts of fear of movement.19

Figure 2. Chronology of events.

and PT resident, once again with complaints of low
back pain and wanting to return to Olympic weightlifting. The chronology of events is detailed in Figure 2. During this bout of PT, the subject presented
to the clinic with a primary complaint of low back
pain and occasional muscle spasms with ADL’s. He
still had tightness in left buttock and posterior thigh
in the morning and occasionally would get tingling
in the posterior thigh but the sensation did not go
past the knee. The subject also reported having a
fear of flexion and verbalized avoidant behavior by
saying “I am scared to bend forward or go back to
Olympic weightlifting because I will hurt myself
again”. He informed the treating physical therapist
about his goals to return to Olympic weightlifting
after reading online forums written by subjects with
similar surgeries returning to higher-level activities.
His pain intensity at rest was 2/10 and increased to
6/10 with flexion-based activities like child’s pose or
picking up an item off the ground like a sock. Due
to his fear of flexion, his exercise routine consisted
of cardiovascular exercises with a heart rate target
of 150 beats per minute during box jumps and battle
ropes and callisthenic strength training exercises
due to fear of lifting weights.
Due to the subject’s subjective reports of fear he was
given a Fear Avoidance Beliefs Questionnaire – Physical Activity subscale (FABQ-PA) and a Tampa Scale
of Kinesiophobia (TSK) outcome measures. These
measures were utilized because the FABQ seems to
be the best option to measure fear-avoidance beliefs

CLINICAL IMPRESSION #1
Due to the subjects heightened fear of flexion-based
activities, the subject was an appropriate candidate for PNE and graded exposure techniques due
to his chronicity of symptoms and clear impact of
psychosocial factors on his physical function. The
delivery of PNE has been shown to lead to an immediate improvement of lumbar flexion in subjects
with chronic low back pain. 20,21 In addition, when
subjects with long standing pain perseverate on that
pain, it can heighten fear of movement and intensify
pain;22,23 therefore, giving the subject strategies to
focus less on the symptoms and more on functional
tasks can decrease fear and pain. A strong relationship exists between elevated fear-avoidance beliefs
and chronic disability secondary to low back pain.13
Rather than receiving PNE prior to and immediately
after the surgery the subject received information
that could have encouraged fear-avoidant behavior,
kinesiophobia, and decreased satisfaction with PT.13,24
EXAMINATION
After the subjective history was taken, active lumbar
range of motion was assessed. When asked to touch
his toes during the lumbar flexion range of motion
examination, the subject maintained a neutral spine
and hinged at the hips due to fear of flexing at his low
back (Figure 3a). The severe limitation in lumbar flexion with a fear-induced hip hinge rather than a lumbar lordosis reversal gave further evidence that PNE
and flexion based graded exposure exercises would
be recommended (Figure 3b). Further examination
revealed tenderness to palpation in the left lumbar
paraspinals, and concordant buttock pain was reproduced with passive straight leg raise at 90 degrees.
The subject presented with no myotomal weakness
or dermatomal irregularities and his reflexes were
all normal. There was a conscious effort to emphasize the subject’s positive attributes identified from
the examination rather than his impairments due to
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Figure 3. Lumbar ﬂexion range of motion evaluation
3a) When asked to touch his toes during the lumbar ﬂexion
range of motion examination, the subject maintained a neutral spine and hinged at the hips due to fear of ﬂexing at his
low back. The severe limitation in lumbar ﬂexion with a fearinduced hip hinge rather than a lumbar lordosis reversal gave
further evidence that PNE and ﬂexion based graded exposure
exercises would be recommended. 3b) With encouragement
from the physical therapist that no damage would occur to the
low back with ﬂexion, he was able to ﬂex at lumbar spine
with normal reversal of lordosis.

the subject’s fear avoidant behavior. An exhaustive
pathoanatomical PT examination was not indicated,
and perhaps could have been counterproductive due
to the potential of increasing subject’s heightened
fear of movement. Since the subject was fearful, the
physical therapist chose a movement-based assessment to guide his treatment. The physical therapist
interpretation was that the primary pathology had
been surgically resolved, and that the patient would
reach and optimal outcome with treating the movement dysfunction and implementing PNE. The subject displayed fear related symptoms with a bias
towards centrally mediated symptoms rather than
nociceptive. Subjects with chronic pain tend to have
maladaptive beliefs about their lower back being
weak and fragile10 and it was the therapists assessment that finding more impairments may propagate
those beliefs. In some cases, a thorough examination
can instill confidence in a subject, however the clinician’s intuition of the subject’s fear, behavior and
personality dictated a less exhaustive examination
on day one. The PT examination focused on identifying fear avoidant movements (i.e. lumbar flexion),

the reasons for fearful movements (i.e. surgeon
post-operative educational intervention), and the
inappropriate subject beliefs of his pain (i.e. flexion
would damage his back). The subject exhibited the
greatest fear of the following activities: 1) Any/all
lumbar flexion activities 2) Barbell squatting and
deadlifting 3) Olympic lifts such as the clean, jerk
and snatch. Kingma et al. demonstrated that there
can be as much as 50° of lumbar flexion during a
functional squat as used in activities of daily living.25
In addition, Hsieh et al. demonstrated that 90% of
lumbar flexion was required to put on socks.26 In
order to differentiate between fear-avoidant behaviors and true physiological limitations of flexion, the
subject demonstrated full range of motion during a
deep bodyweight squat and the ability to put on his
socks which revealed his ability to effectively flex at
the lumbar spine.25–27 This further strengthened the
therapist’s belief that fear-avoidance was the main
cause of the subject’s limitations.
PLAN OF CARE
Based on the subjective and objective examination
the subject is appropriate for the implementation of
graded exposure as described by George and Zeppieri.1 The initial session was spent identifying the
most feared activities so they could be addressed
in a graded manner throughout the plan of care.
The subjective reports and physical examination
successfully identified the subject’s inappropriate beliefs that bending at the lumbar spine would
cause damage. Further, the scores on the FABQ and
TSK revealed moderate to high fear of movement
and kinesiophobia. Since one of the subject’s most
feared and aberrant motions was with active lumbar
flexion in standing, the decision was made to incorporate PNE with graded exposure to lumbar flexion
exercises. The decision-making model is highlighted
in Figure 4. The subject was first exposed to activities requiring trunk and lumbar spine flexion such
as tying his shoes and picking up groceries in order
to reduce disability in his day-to-day life. Along with
addressing the subject’s kinesiophobia, there would
be a need for education on proper technique during completion of barbell exercises to help reduce
unnecessary load on the lumbar spine and maximize
safety. The subject has already described performing
36” box jumps as part of his workout regimen, which
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Figure 4. The decision-making model used to identify fear-avoidant behavior and kinesiophobia and how to implement PNE and
graded exposure on subsequent visits. Fear is assessed during treatment by identifying feared movements via subjective reports and
correlating them with previously completed outcome measures. FABQ = Fear Avoidance Behavior Questionnaire. TSK = Tampa
Scale of Kinesiophobia. PNE = Pain Neuroscience Education. ROM = Range Of Motion. VAS = Visual Analogue Scale.

requires absorbing high loads through the lumbar
spine and going into a deep squat and nearly full
lumbar flexion,25,27 with no symptoms. Bringing facts
such as these to the attention of the subject could
serve as an educational tool to help decrease fear
and facilitate their understanding of pain by asking
the following: “Why do you think you can perform
this high-level activity that required nearly full lumbar flexion but cannot touch your toes while bending at the lower back?” The initial PT sessions were
scheduled for once a week with a focus on PNE and
graded exposure to flexion activities in order to help
improve lumbar range of motion, decrease fear, and
improve strength to allow a full return to Olympic
weightlifting.
INTERVENTION
Visit One: Initial Interventions
As previously mentioned, a detailed examination was
not performed, rather a movement-based examination with assessment of the subject’s understanding

of pain and fear of movement on this first visit. The
subject was assigned to the Movement Control category as described in the revised Treatment-Based
Classification System for low back pain.28 Initial
interventions were aimed at subject education,
symptom control and improving lumbar flexion
range of motion. The aberrant lumbar flexion range
of motion observed during examination (Figure 3a)
was corrected within the session (Figure 3b) with
encouragement from the physical therapist that no
damage would occur to the low back with flexion.
The subject was educated that it was okay to flex at
the low back to touch his toes. He was informed that
it was normal to feel stretch or discomfort in the tissues that have not moved in that direction in a while
and that it was “OK” to gently push through it. Education was also given to stop the exercises if his distal pain increased. The subject was asked if he had
been performing sit to stand transfers and picking
items up off the floor regularly which he confirmed.
Education was then provided on the fact that 95%
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of maximal lumbar flexion occurs with sit to stand
transfers so he had been performing a flexion-based
movement since the surgery and it had not harmed
him.26 Additionally, picking objects off of the floor
requires high amounts of lumbar flexion whether he
bent forward or squatted to perform the activity.29 At
this point, the reasoning behind the education was
to reduce the subject’s fear to allow him to see that
he had already been performing the movement he
is so fearful of.
In addition to the education he was taken through
two sets of 10 of supine double knees to chest of
gradually increasing intensity in order to induce
lumbar flexion movement in a manner that would
not cause him to guard or be fearful, before reassessing standing lumbar flexion. Upon reassessment of active lumbar flexion in standing, his range
of motion improved from moderately limited to minimally limited, but he still felt concordant symptoms
in back and thigh. Graded exposure to flexion-based
exercises was initiated this visit, specifically supine
single and double knees to chest. Instruction was
given to perform these exercises five times per day.

Visits Two to Five
These visits occurred the following three weeks after
the initial examination. After performing repeated
supine lumbar flexion exercises for one week he
demonstrated full active lumbar flexion in standing.
He also reported a decrease in radicular symptoms
with abolishment of tingling and a reduced intensity
of buttock pain. Lastly, he reported that he had no
fear of flexion during day-to-day activities such as
tying his shoes, putting on pants, or lifting groceries
from the floor. Due to this, it was decided that further graded exposure was not necessary for ADL’s.
During visits two through five, the subject was gradually progressed toward weighted squats as shown in
Figure 5 using the graded exposure model described
in Figure 4. Prior to attempting a weighted squat, the
subject was also instructed by the physical therapist:
“You can’t avoid flexion even when you try to keep
a neutral spine during a squat. So you’ve been flexing for a while now.”27 This was said in order to build
upon the idea that he has already been flexing (during sit to stands and box jumps) in order to reduce
any fear prior to the weighted squat.

Figure 5. Progression of exercises prepare for graded exposure to the overhead squat. 1) Squat. 2) Kettlebell squat. 3) Double front
rack kettlebell squat. 4) Barbell front squat. 5) Barbell back squat. 6) Overhead squat.
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It was a goal of the patient to return to various resistance training exercises. Due to the decreased radicular symptoms and resolution of lumbar range of
motion, resistance training exercises that the patient
deemed important were resumed. For the PNE during these visits, the choice was made to integrate it
gradually during the cueing and practice of Olympic weightlifting techniques. A clear subject-led
decision-making model was stressed to allow the
subject to build self-efficacy. During these visits, the
subject revealed he had not deadlifted in 2.5 years
and stopped performing barbell snatches due to the
surgery. It was important to the subject to return to
deadlifting and barbell snatch. A barbell snatch is an
Olympic weightlifting movement where the barbell
is moved from the floor to an overhead position in
one motion. Based on the model of George and Zeppieri,1 in order to return the subject to performing a
deadlift, graded exposure exercises were progressed
from active range motion exercises, to a Olympic
weightlifting specific graded exposure model created by the authors (Figure 6) based on graded exposure and pain science.1,30
The deadlifting progression model consists of three
different exercises with progressions based on the
height of the load off of the floor with the goal of
safely increasing force on the spine while decreasing fear and threat of the activity. Table 1 outlines
the cues given during each session to improve efficiency and technique with each lift and the rationale
behind each cue. The subject was able to progress to
the barbell deadlift off of the floor during visit two
after encouragement from the physical therapist and

Figure 6. Outlined is the pathway taken to allow graded
exposure towards the barbell deadlift. Regardless of load variations, bringing the load closer to the ﬂoor is another way to
progress towards a conventional barbell deadlift.

technique alteration. Technique alteration included
changes to the bar path and spinal and lower limb
kinematics. During technique changes there was a
conscious effort to place emphasis on performance
(ex. Bar path efficiency, weight lifted, etc.) instead of
reducing spinal loads as a way to not increase fear of
load (meaning the estimated amount of spinal forces
during an exercise).
During the third visit, the subject reported his goal
of being able to perform the barbell overhead press
and hang cleans. Since these movements require
different coordination of movement and loads on
the spine, it was important for the subject to master
the squat and deadlift progression prior to initiating
overhead press and hang cleans. The cues given during the overhead press to improve performance and

Table 1. Word and Phrase Alternatives to Use for Decreased Fear and
Threat in a Weightlifting Athlete.
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reduce lumbar loads are described in Table 2. The
subject was able to gradually progress to overhead
squatting (Figure 5) and barbell push snatch during
this session so they were integrated at light weights
as the subject’s warm-ups to help decrease the
threat of these advanced movements. The subject
was educated on the performance of a proper bracing sequence (Figure 7) in order to increase intraabdominal pressure during lifting exercises. There
is some evidence that fear of movement is related
to increased trunk stiffness or muscle activity in

subjects with low back pain so the bracing technique
was only incorporated during lifting of heavier loads
in order to avoid feeding into the subject’s fear that
movement is harmful during daily tasks.31–33 The
bracing technique was also implemented to avoid
overreliance on lumbar spine erector spinae to provide spinal stability due to the subject’s complaints
of lumbar tightness and spasms. This technique
allowed the subject to perform the barbell overhead
press and the barbell back squat without increased
lower back tightness.

Table 2. Cues to improve performance and reduce lumbar spine loads during
lifts.

Figure 7. Bracing sequence before performing a weighted barbell movement. Patient is ﬁrst instructed to exhale in order to
depress ribs and then slightly posteriorly rotate the pelvis in order to allow the two structures to align vertically. Patient is then
instructed to activate the lower abdominals and the breathe into the active tension created.
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During visits four and five, the main focus was educating the subject on the progression rules in order
to make sustained gradual progress in the return to
previous levels of strength.
Rules for Progression of Lifts
Linear periodization (Figure 8) and graded exposure (Figure 4) were the main focus of education
regarding how to advance strength training. These
rules of progression were introduced the first visit,
and emphasized each subsequent visit, so the subject could progress his exercises on his own, thus
increasing his self-efficacy. Linear periodization is
the most common form of periodization used in the
rehabilitation setting.34 This method of periodization was deemed appropriate due to its predictable
nature and its ability to allow a step-wise progression that can be symbiotic with graded exposure.
Advancement and progression of exercise in linear
periodization is reliant upon the successful completion of the previous phase, which is similar to graded
exposure. The predictable nature of linear periodization also allows the subject to become more independent with the performance and progression of
the exercise program.
Along with linear periodization, the decision was
made to implement progression based on Rating
of Perceived Exertion (RPE) rather than a percentage of 1-Rep Max (1-RM). The use of RPE allows the
subject or client to auto-regulate their training based

Figure 8. Linear Periodization Model that was used with
the patient in the case. RPE is described in Figure 9. Load is
deﬁned by the weight lifted during the exercise.

Figure 9. Resistance exercise-speciﬁc Rating of Perceived
Exertion (RPE).

on daily fluctuations of well-being and strength (Figure 9). The effective use of the RPE scale is partly
dependent on the experience of the athlete35 and the
subject described in this case report had a thorough
understanding of the scale through previous use.
OUTCOMES
Objectively, the subject demonstrated full active
lumbar flexion and had no hesitation with performing ADL’s requiring lumbar flexion like picking
objects off the floor or tying his shoes. The subject
was able to make a full return to all Olympic weightlifting movements with the potential to progress
toward previous levels of strength. His FABQ-PA
score decreased from 22 to 4 and his TSK score from
55 to 31 demonstrating a clear reduction in movement-related fear. On the FABQ-PA, the minimal
detectable change is 5.4 points, and a decrease in TSK
score is suggestive of reduced fear in movement.37–39
The scores on the FABQ-PA and TSK suggest that a
combination of a movement based assessment and
treatment with PNE led to a significant reduction in
fear avoidance and kinesiophobia. The subject also
reported subjective reductions in fear with all movements and Olympic weightlifting activities.
DISCUSSION
The current literature on the use of PNE in highlevel athletes, such as weightlifters, is scarce. The
incidence of fear-avoidant behaviors in weightlifters
after lumbar surgery has not been studied.
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The subject arrived at his second bout of PT with
high fear-related movement restrictions including limited flexion mobility throughout his lumbar
spine. When the surgeon discharged the subject,
per subject report, the surgeon educated him to
never again lift weights (Olympic weight lifting) or
bend forward. This appears to have been an integral moment in the subject’s development of fearavoidant behavior after the surgery. The surgeon
may have been accurate with such imposed restrictions in the immediate post-operative time frame;
however, this may have led to increased kinesiophobia in the long-term following surgery. Healthcare providers can negatively impact subjects pain
and function by their words and education, thereby
increasing kinseiophobia.24 This case emphasizes
the importance of patient education as it relates to
post-surgical precautions, timeframes for such precautions, and rehabilitation. Although it may have
not been the intention of the healthcare provider,
it is possible that such comments triggered kinesiophobia in the subject with the words that were used
(Table 1).
There is a paucity of evidence in the application of
PNE to return an athlete with lower back pain to
Olympic weightlifting. Although graded exposure is
part of the PNE model, the authors felt it important
to highlight these components separately in order to
demonstrate how the verbal education and graded
exposure to specific, targeted exercise and movement
were both integrated into treatment for an Olympic
lifting athlete. Additionally, to the authors’ knowledge
there is a lack of evidence for the use of PNE after
lumbar discectomy. The lumbar discectomy is the
most common procedure performed in the United
States for subjects with back and leg pain.40 In 2003,
2.1 per 1000 Medicare recipients received a lumbar
discectomy/laminectomy in order to treat their lower
back pain and other associated symptoms.40 Reoperation rates have been reported at approximately
12-14% after single-level lumbar discectomy leading
to increased healthcare costs.41 Roughly 15-25% of
subjects that receive lumbar discectomies have recurrent lower back and leg symptoms when followed for
2 years.40 PNE is a viable, affordable option pre- and
post-lumbar discectomy that can lead to optimal outcomes and reduced spending.3

The implementation of PNE into clinical practice
may lead to optimal outcomes after surgery, reduced
kinesiophobia, reduced pharmaceutical use, and
decreased cost of care. Pre-operative PNE has been
utilized for subjects undergoing lumbar discectomy
and has led to reduced healthcare costs, pain, and disability.13 In addition to PNE, the integration of graded
exposure into the treatment of musculoskeletal pain
has been beneficial in the geriatric population with
lower back pain.15 Graded exposure allows the subject
to confront specific situations they may be fearful of
in a gradual and non-threatening manner allowing
a decrease in fear-avoidant behaviors. The available
literature supports the use of graded exposure in subjects with chronic low back pain, but little is known
about the use of PNE after discemtomy.1
Shifting the focus of technique alterations from
reducing loads or preventing injury to the ability
to improve performance is an important strategy
to reduce fear and affect the attention component
of pain.22,23 The subject’s base strength was sufficient for performing ADLs and movements such as
lunges, box jumps, and leg press as evidenced by
his performance of those movements. His primary
issue however, was his fear of flexion-based loading.
Thus, reframing the construct of spinal flexion and
associating it with tasks that he had already been
performing to an adequate level was key in allowing the subject to return to flexion type activities
gradually. The subject was able to return to Olympic
weightlifting activities within four weeks of starting
his second bout of physical therapy with PNE and
graded exposure indicating further his main limiting
factor was his fear of movement and belief of flexion
activities causing damage to his back. Additionally,
this subject demonstrated a significant improvement
in not only his FABQ and TSK scores42,43 but also in
his performance of various Olympic weightlifting
exercises. The FABQ-PA has been shown to have a
ceiling effect which could explain why that outcome
measure showed a greater decrease in score than
the TSK.44,45 Both measures were used because as of
right now the FABQ seems to be the best option to
measure fear-avoidance beliefs and the TSK is best
when assessing kinesiophobia.19
There are limitations to this case report worth noting.
This case described the experience of one individual
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and results may not be generalizable to others. Additionally, another weight lifter post lumbar surgery
could respond differently to interventions delineated in this report, therefore caution should be utilized. The case report included the use of the RPE
scale that depends on the subject’s experience.35 The
experience and comfort of a subject using the RPE
scale reduces the applicability of the progression
method with subjects that have less experience with
lifting weights. Although, using RPE has been shown
to be a reliable and valid measure of exercise intensity as it correlates with one-repetition maximum.46
Also, the therapeutic alliance developed between
the physical therapists and the subject cannot be
understated. Therapeutic alliance has been shown to
enhance outcomes in subjects that may be encountered in PT clinics.47 This was cultivated through the
physical therapist’s knowledge of movement assessment and Olympic weightlifting, however it was not
formally assessed in this case report. In the authors
opinion, having a physical therapist with a thorough
understanding of barbell kinematics and lifting techniques was integral in achieving subject buy-in and
enhancing the outcome. Future research should
examine the effects of PNE and graded exposure on
other athletes after injury and surgery.
CONCLUSIONS
This case report outlines methods including PNE
and graded exposure (using periodization principles) that effectively reduced kinesiophobia and
fear avoidance in a weight lifter who was post-lumbar discectomy. These interventions allowed him to
meet his goal of returning to performing Olympic
style weight lifting. Healthcare providers need to
understand that the words they use to communicate
with subjects can have lasting positive or negative
effects. PNE is an intervention that can be used with
and adapted to the needs of a higher-level athlete.
Understanding the biopsychosocial contributors to a
person’s movement restrictions can help direct the
treatment towards the main limiting factor in order
to improve outcomes.
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ABSTRACT
Scapular muscle weakness in patients with lateral elbow tendinopathy is an identified impairment and is
part of a multimodal rehabilitation approach. The published literature provides little information regarding
specific rehabilitation guidelines that address both the proximal scapular muscle weakness and local elbow/
wrist dysfunctions common in patients with lateral elbow tendinopathy. The purpose of this clinical commentary is to describe a comprehensive rehabilitation strategy for individuals with lateral elbow tendinopathy. This program emphasizes a phased therapeutic strategy that addresses proximal and local
dysfunction along the kinetic chain. This clinical protocol is currently being tested for efficacy as part of a
randomized controlled trial. The information in this commentary is intended to provide clinicians with
sufficient detail to comprehensively guide the rehabilitation of a patient with lateral elbow tendinopathy.
Level of Evidence: 5
Keywords: scapula, lateral epicondylitis, shoulder, lateral epicondylalgia, movement system

1

Department of Physical Therapy, University of Dayton,
Dayton, OH
2
Department of Physical Therapy, Mercer University, Atlanta,
GA
3
Department of Physical Therapy, University of Kentucky,
Lexington, KY
Declaration of Conﬂicting Interest: The Authors declare
that there is no conﬂict of interest
Funding: This review received no speciﬁc grant from any
funding agency in the public, commercial, or not-for-proﬁt
sectors.

CORRESPONDING AUTHOR
Joseph M. Day, PhD, MSPT, OCS, CIMT
Assistant Professor
Department of Physical Therapy
School of Education and Health Sciences
300 College Park Drive
University of Dayton
Dayton, OH 45469-2925
Phone: (937) 229-5621, Fax: (937) 229-5601
E-mail: jday01@udayton.edu

The International Journal of Sports Physical Therapy | Volume 14, Number 5 | October 2019 | Page 818
DOI: 10.26603/ijspt20190818

BACKGROUND AND PURPOSE
Lateral elbow tendinopathy (LET) is the most common musculoskeletal elbow tissue injury and can
result in significant limitations in function and
decreased participation in activities.1 LET, lateral
epicondylitis, or tennis elbow is defined as a pathology at or near the lateral epicondyle of the humerus
resulting in pain, tenderness, and functional limitations.2 The mechanism of injury is variable but typically results from overloading of the common wrist
extensors.
Clinically, LET can present acutely in the form of
tendonitis, but more commonly presents chronically
where degenerative tendon changes, disorganized
collagen bundles, scar tissue, and hypervascularity has been identified.3 Risk factors for developing
tendinopathy are both load related (biomechanical)
and systemic. Known systemic risk factors include
hypercholesterolemia, diabetes, hormonal imbalances, age and genetics.4,5 In general, systemic risk
factors are thought to reduce the tendon capacity to
manage load such that routine activities of daily living may be enough to trigger a pathological cycle.4
Although somewhat ambiguous, rehabilitation interventions are typically favored over medications, cortisone injections or surgery as the first method of
treatment.6,7 When critically assessing the literature,
best rehabilitation practice supports various forms
of the therapeutic exercise and manual therapy for
the immediate and short-term improvement in pain
and function.8 Still, there is not a precise description
of what constitutes an evidence-based multimodal
treatment program for LET9 especially when it
comes to preventing recurrence of the condition.10,11
Moreover, little guidance is available regarding the
dosage (including the intensity, duration, frequency,
and progression) of exercise prescription.
Recently, researchers have identified shoulder girdle weakness in patients with LET.12-14 Therefore, it
is reasonable to assume that scapular muscle exercises should be considered as part of a comprehensive rehabilitation program for LET if weakness is
present. One rationale for strengthening scapular
muscles in this population is based on the Kinetic
Chain Theory (KCT). The KCT proposes that during
functional arm motions kinetic energy is transferred

from proximal to more distal segments of the arm,
providing an effective and efficient mode for distal
function.15,16 As a result, proximal weakness increases
the demand on the distal segment therefore overloading the distal segment.17 Without proper proximal scapular strength, there is an increased load on
distal tissues at the elbow and wrist.18
Therefore, based on observational studies, expert
opinion, and the KCT, scapular muscle performance
could be an essential piece for rehabilitation professionals to address in patients with LET. However, no
study has outlined a rehabilitation program for LET
that includes scapular muscle exercises with sufficient detail for the purpose of clinical replication.
Accordingly, the purpose of this clinical commentary
is to describe a comprehensive rehabilitation strategy for individuals with lateral elbow tendinopathy.
The provided rehab strategy will specifically include
an evidence-based scapular stabilization algorithm
integrated with a local treatment approach.
DESCRIPTION OF THE PROGRAM
The dual rehabilitation program (DRP) for LET is
based on combining rehabilitation to two regions;
the scapula and forearm (elbow/wrist). The DRP
program utilizes therapeutic exercise, emphasizing
a phased approach to scapular muscle and forearm
strengthening, and local manual therapy techniques. The program was developed by clinicians
and researchers with over 25 combined years of
experience treating LET with special consideration
given to the best evidence in the literature. This
comprehensive rehabilitation program is currently
being compared with a standard localized treatment
approach in a multi-center randomized controlled
trial (RCT). As part of the RCT, long term outcomes
will be collected at six months and 1 year following
discharge.
An overview of the program is provided in Table
1, and more detailed information is found in the
Appendices.
ACTIVE WARM-UP
The active warm-up can be chosen first as a means
of increasing soft tissue temperature and enhancing muscle performance prior to performing therapeutic procedures.19 Moreover, short term aerobic
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Table 1. Overview of the Dual Rehabilitation Program.
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Table 1. Overview of the Dual Rehabilitation Program. (continued)

exercises in conjunction with physical therapy has
been shown to decrease pain sensitivity while also
demonstrating improvements in health-related quality of life. 20 Because patients often present with
varying levels of elbow irritability, two warm-up
options, treadmill and upper body ergometer (UBE),
are recommended. Although the UBE is preferred,
the treadmill can be utilized for patients in the acute
phase of LET as a means of indirectly increasing
the temperature of the common wrist extensors.
In general, the warm-up procedure is no longer
than 10 minutes for either the UBE and treadmill.
The patients on the UBE are encouraged to cycle
at a comfortable pace with no resistance applied.
Patients on the treadmill can ambulate at 2.0 mph
on a flat incline.

SCAPULAR MUSCLE STRENGTHENING
MATRIX
Based on several studies reporting EMG activity
during specific scapular muscle exercises21-28 and
modifications from a previous study,29 the authors
established a progressive algorithm with three
phases of strengthening: Phase 1 Neuromuscular
education, Phase 2 Resistive with light to moderate
loads/ short lever arm, and Phase 3 Resistive with
moderate to heavy loads/ long lever arms. The exercises were specifically selected based on % MVIC
as well as exercises producing an optimal UT/LT
ratios.30 For neuromuscular re-education (phase 1),
others have recommended exercises in the range of
20-40% of MVIC.31,32 In general, exercises producing
higher than 40% MVIC will induce a strengthening
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stimulus.33-35 Therefor, exercises in Phases 2 and 3
included those yielding 40% or higher MVIC.
In regard to the scapula muscle exercises, Phase 1
has two options; isometric and isotonic exercises
(including both concentric and eccentric phases of
musculature contraction of the target muscles). Isotonic exercises are the preferred starting point, however if the patient experiences difficulty contracting
the desired muscle, isometric exercises with visual
and verbal feedback are prescribed by the therapist. Because the primary muscle groups addressing
scapular stabilization are both the serratus anterior/
anterior musculature and middle/lower trapezius
/posterior musculature, the anterior and posterior
scapular exercises are separated. Figure 1 provides
an example of an exercise progression in all three
phases for both the posterior scapula. Please refer
to Appendix A for the entire scapular muscle algorithm. As noted in the Appendix, there are several
exercises from which to choose during each phase,
and the patient’s response will drive the exercise
selection. Clinically, each patient will be at a different level, therefore, the authors agreed upon specific
criteria to progress the patients from phase to phase
in an orderly fashion.
Progressions
Phase 1 is instructed to all patients. The time to progress will vary and is based on specific criteria. In order
to progress to Phase 2 the patient must demonstrate
the ability to isolate scapular retraction/ sternal lift
with correct head posture from a resting neutral posture 20 times in a row while standing in an upright
posture without substitution or support and without
aggravating symptoms. Each repetition must be held
for a full five seconds for each repetition. To progress
to Phase 3, patients must demonstrate that they can
perform 20 repetitions with a set load of 10 lbs. without pain, substitution or increasing symptoms. A
single arm row with 10 lbs. (black theraband cut
50cm long) will generate 10lbs at end of stretch for
most people of heights between 5 and 6 feet. If the
patient is over 6 feet tall, a 60cm long TheraBand or
use a cable column should be used. Also, the patient
should be able to perform a single arm push (punch)
with 10lbs from waist to shoulder level without pain,
substitution or increasing symptoms.

Figure 1. Example of Scapular Muscle Strengthening
Progression.
Refer to Appendix A for detailed exercise choices and performance instructions

Repetitions and resistance
Because the primary objective in the first phase is
motor recruitment of the scapular muscles (serratus
anterior, lower trapezius, rhomboids, and middle trapezius), the goal is to have the patient perform each
exercise with no symptom reproduction and proper
technique for three sets of 10.36 After proper motor
recruitment is achieved, the goal is to improve muscle strength and endurance. Therefore, the patient
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may perform up to three sets of 15, with 60 seconds
of rest between sets, within the second and third
phases of this program.37 In all phases, the patient
begins without weight and when the patient is no
longer experiencing 24 hour post onset muscle soreness or the pain does not go up more than one level
on the numeric pain rating scale (NPRS) (0-10), then
resistance can be added. Accounting for individual
variations in response to training, we also allow the
patient to autoregulate reps, sets, or loads based on
internal feedback.38
WRIST AND ELBOW STRENGTHENING
MATRIX
Similar in form to the scapular muscle strengthening
matrix, the authors designed three levels of strengthening for the wrist: Phase 1 Neuromuscular education, Phase 2 Resistive with light to moderate loads/
short lever arm, and Phase 3 Resistive with moderate
to heavy loads/ long lever arms. (Figure 2, Appendix B). Neuromuscular education is positioned first
for the purposes of muscle recruitment with a focus
on isolating the muscle(s) in a controlled manner
through isometric or isotonic contractions. Phase 2
focuses more on concentric and eccentric muscle
activation patterns in a low load environment for the
purpose of strengthening and building muscle endurance. Progressions from Phase 2 to Phase 3 were
made using basic principles of loading; longer lever
arms, increased weight bearing, increase in weight
or resistance, and plyometric activities. The primary
muscle groups that will be addressed for wrist and
elbow strength are both the wrist extensors and the
radial deviators and elbow flexors and extensors. The
wrist and elbow program also includes flexibility
within each phase to allow for differences in patient
presentation and preferences.
Progression
Phase 1 is instructed to all patients, and the time to
progress will vary and is based on specific criteria. To
progress to Phase 2, the patient should be able to perform full wrist active range of motion and isometric
wrist extension with no pain. To progress to Phase 3,
the patient must demonstrate that they can perform
20 repetitions of concentric/eccentric wrist extension
with the elbow flexed, forearm supported in pronation, and wrist over the edge of a supportive surface.

Figure 2. Example of Wrist Extensor Strengthening
Progression.
Refer to Appendix B for detailed exercise choices and performance instructions

Based on clinical experience, the patient should meet
specific criteria before advancing to Phase 3. First,
the patient performs 20 repetitions with a set load of
2 lbs. without pain, substitution or increasing symptoms before progressing to Phase 3. As an alternative,
the patient could demonstrate a maximum effort grip
strength that is no less than 80% of their age and sex
matched normative data.39 The testing procedure
should be performed in sitting with the shoulder in
neutral, elbow flexed to 90°, and the wrist in neutral.40
The periodic testing of grip strength with a hand held
dynamometer provides the therapist with objective
data but also can enhance patient motivation during
the rehabilitation process.
Repetitions and resistance
Similar to scapular muscle training, the goal in
the first phase is to have the patient perform each
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Table 2. Thera Band Resistance Based on Color and
Elongation.

• When exercising, make sure the exercises do not
increase your pain as this might be a signal that
the load is too much. Be particular mindfully of
stretching.
• Use larger handles on utensils, tools, or tennis
rackets
• Make modifications to your work area to promote good posture. The following should also be
considered:

exercise with no symptom reproduction and proper
technique for three sets of 10. After proper motor
recruitment is achieved, the goal is to improve muscle strength and endurance. Therefore, the patient
can perform up to three sets of 15, with 60 seconds
of rest between sets, within the second and third
phases of this program.37 In all phases, the patient
begins without weight and when the patient is no
longer experiencing 24 hour post onset muscle soreness or the pain does not go up more than one level
on the numeric pain rating scale (NPRS) (0-10), then
resistance can be added. Accounting for individual
variations in response to training, the patient is
allowed to autoregulate reps, sets, or loads based on
internal feedback.38 See Table 2 for a guide to resistance levels utilized with TheraBand.
PATIENT EDUCATION AND HOME
INSTRUCTION
Rehabilitation experts generally consider patient
education as a unique and critical piece to rehabilitation. Education is unique in that it is ongoing and critical because without proper patient understanding
of the insulting activities, it is likely that the patient
will relapse with the symptoms or cause a delay in
healing time. More specifically, the literature supports ergonomic modifications41 and the following
points of emphasis specific to tendonopathies:42
• Rest from activities that increase tendon loading
and aggravate pain. The therapist will guide the
patient in the proper loads and timing of those
loads to ensure proper healing.
• Avoid repeated wrist, forearm or elbow movements. Do not avoid all upper limb motions as this
will further reduce the tendons ability to take load.

o Don’t maintain fixed postures for long periods of time. Consider setting a timer every 30
minutes to stand up.
o A headset with microphone and dictation
software
o A vertical mouse to promote a more neutral
wrist posture
• Consult a trainer in your sport to help correct
faulty mechanics or make appropriate adjustments in equipment
• Avoid palm down lifting; instead always try to lift
with your palm up
• Avoid injections for pain management. Patients
receiving multiple corticosteroid injections as a
treatment modality typically fair worse in function
and pain management in the long term.
JOINT MOBILIZATIONS
The primary aim of joint mobilization techniques
in this population is to reduce or eliminate pain at
the lateral epicondyle and improve range of motion
at the elbow and wrist. A recent systematic review
and meta-analysis found that mobilization with
movement (MWM) techniques were effective at
reducing pain and improving daily function up to
three months after discharge in patients with LET.
In general, the review also found that mobilizations
were effective at reducing pain and improving grip
strength as compared to controls.43
Based on the best evidence, the therapist is given
the option to choose between three different techniques.44 The first two techniques are MWMs and
involve a manual lateral glide of the ulna/radius
by the therapist while stabilizing the humerus in a
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medial direction (Figure 3A). During the mobilization, the patient is asked to perform pain-free grip
while holding isometrically for five seconds for 6-10
repetitions. The second technique involves the use
of a mobilization belt using the same direction of
force mentioned in the first technique, however the
patient is asked to extend the elbow rather than sustain an isometric grip (Figure 3B). The third technique is an anterior glide of the radial head on the
ulna (Figure 3C) with no active movement from the
patient. The third technique is utilized if the patient
does not respond to the first two techniques. Please
see Appendix C for more information regarding joint
mobilization techniques.
OTHER INTERVENTIONS
The interventions listed below (and also described
in Table 1) are intended to be supplemental to the
outlined program above. It is recommended that

all of the interventions listed below be addressed
early in the plan of care as most of these agents will
address pain directly and allow the patient to participate more fully in the exercise portion of the protocol which has been shown to be more effective for
function in the long term. It is also up to the individual treating therapist to determine the need for such
an intervention and how long to use the following
interventions within an episode of care.
Wrist extensor stretching
All patients should be instructed in wrist extensor
stretching. Even if there are no flexibility deficits,
stretching can provide short-term pain inhibition
when compared to no treatment.45 Caution should
be exercised against aggressive stretching if the pain
on palpation is insertional (i.e. potentially related to
enthesopathy) where compressive loads (stretching)
can be catabolic in nature resulting in a negative
response to other interventions.
If the clinician opts for stretching, a judgement will
have to be made in regard to how much tension to
place on the wrist extensor mechanism. For example, if the patient presents with > 3/10 pain during
the Mill’s sign, the clinician may opt to instruct the
patient to stretch with the elbow flexed along with
relaxing the index and middle fingers while only
applying passive wrist flexion with the other hand.
The previously described stretch will place less tension on the common wrist extensors when compared
to a stretch where the elbow is placed in an extended
position and the digits are maximally flexed.46 The
authors propose performing stretches three times
a day holding for 30 seconds and performing three
repetitions during each session.

Figure 3. Mobilization with Movement for the Elbow.
Refer to Appendix C for more detailed performance instructions

Wrist Orthosis
The literature supports the use of counterforce
braces early in the rehabilitation process for improving pain pressure thresholds47 (Figure 4). The rationale for its efficacy is that the counterforce brace
places tension on a more distal segment of the tendon or muscle while allowing healing time to the
injured proximal insertion of the common wrist
extensors. These straps may be of particular value
to patients when eliminating the aggravating activity is not possible to allow for healing. For example,
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decreased elbow extension or decreased wrist flexion range of motion secondary to a common wrist
extensor soft tissue restriction.

Figure 4. Lateral Elbow Tendinopathy Counterforce Brace.

high-level tennis players or individuals with manual
labor jobs may not have the option to relinquish the
activity in which case the counterforce brace is logically a good alternative.
The patients are instructed to use the counterforce
strap during work and sports activities as needed,
but not wear the strap while at rest. The strap should
be placed about two finger widths below the painful
area and the patients are instructed to adjust the tension to comfort while muscles are relaxed, and not
to over tighten.
Soft Tissue Mobilization
For the purposes of reducing local pain, promoting
tissue healing by increasing blood flow, and increasing tissue extensibility the treating therapist is given
the option of performing a variety of soft tissue techniques. Deep friction massage (DFM) is typically
performed in small circular movements across the
common wrist extensor tendon. DFM is thought to
assist the remodeling phase of an already degenerating tendon and to reduce scar tissue.48 Alternatively,
soft tissue massage along the common wrist extensor
muscle belly could be chosen to promote relaxation
and increase tissue extensibility. Finally, myofascial
techniques addressing the common wrist extensors
are applied to relieve pain and improve soft tissue
extensibility.49 It should be noted that there is limited evidence to support the use of soft tissue techniques in treating tendinopathies.50 Consequently,
the clinical decision to perform a specific soft tissue mobilization should be based on the finding of

Cryotherapy
Cryotherapy may be effective in reducing local pain
through a mechanism known as the gait control theory.51 In addition, cryotherapy causes vasoconstriction of superficial blood vessels and thus can reduce
chemical pain that might be present.52 More specifically, ice massage has been shown to be effective
as part of a multimodal program to treat tendinopathies,53 and it is recommended by the authors to be
the clinician’s first choice where it is not contraindicated. However, because ice massage involves a
direct application of ice to the skin, individuals may
not tolerate it as well. In this case, the clinician has
the option of providing a homemade or commercial
ice pack with one thin layer (typically a pillow case)
to the lateral elbow after treatment in the clinic.54
Patients should also be instructed to perform cryotherapy at home and to apply the ice massage over
the painful area for 3-5 minutes, especially after an
aggravating activity. As an alternative, the patient is
given the option to apply an ice pack to the elbow
for 10 minutes up to 3-4 times a day to reduce pain.
LIMITATIONS AND OTHER
CONSIDERATIONS
Lateral elbow tendinopathy is often misdiagnosed.
Although beyond the scope of this commentary, it
is crucial that clinicians perform a proper medical
screen and differential assessment prior to initiating the DRP. Common differential diagnosis for LET
include cervical radiculopathy, radial tunnel syndrome, lateral collateral ligament pathology, radiocapitular osteoarthritis, fracture, triceps tendonitis,
and referred pain from wrist injuries.55 To that end,
it is common for patients with LET to present with
contaminant findings of cervical radiculopathy,
radial nerve irritation, and intra-articular pain.56
Depending on the history, therapists may opt to
perform tests such as resisted wrist supination (suggestive of entrapment of the posterior interosseous
nerve along the supinator),56 Wainner’s cluster for
cervical radiculopathy (along with a neurological
screening of C6,C7),57 and specific loading tests to
target pathological intra-articular structures.58
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Although the provided protocol is based on best
available evidence, the authors acknowledge that
the research regarding scapular muscle training for
patients with LET is limited to observational studies only. However, research is only part of evidencebased practice and the authors contend that patient
values and circumstances as well as clinical expertise are also valuable in designing a comprehensive
rehabilitation protocol.
CONCLUSIONS
This clinical commentary outlines a regional and
comprehensive rehabilitation program for patients
with LET. The DRP emphasizes a three-phase
scapular muscle and wrist extensor exercise program and joint mobilization while also suggesting
other evidence-based interventions that could be
of assistance. Based on individual presentations
and response to treatment, the program is a flexible
model through which effective and comprehensive
treatment can be provided for patients with LET.
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CLINICAL COMMENTARY

SYMPTOM INSTABILITY AND A PROPOSED
CLASSIFICATION SYSTEM FOR THE PHYSICAL
THERAPY MANAGEMENT OF SPORTS-RELATED
CONCUSSION
Mark Lundblad, DPT, MPH, OCS, CSCS1,2

ABSTRACT
Background: Individuals can experience headaches, dizziness, cervical dysfunction, balance disturbances,
fatigue, and oculomotor impairments following a concussion. Patients with sports-related concussions are
not a homogenous group but rather heterogenous groups with mixed clinical findings.
Purpose: The purpose of this clinical commentary is to propose a classification system developed specifically for the physical therapy management of sports-related concussions.
Description: The concept of “symptom instability” was introduced to assist with classifying patients. The
time period post-concussion, symptom instability, and the ability to identify symptom triggers were used
as defining criteria. The end result was a classification system with five clinical subgroups.
Relationship to Clinical Practice: The classification system assists in forming homogeneous groups. The
grouping of patients into these subgroups can allow for improved efficiency of organizing treatment plans.
Level of Evidence: 5
Key Words: Classification, sports-related concussion, Physical Therapy
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INTRODUCTION
A sports-related concussion is a traumatic brain
injury caused by a direct or indirect biomechanical force acting on the brain that occurred during
sports participation.1 Following the injury there are
neuropathological and metabolic changes that occur
within the brain. A concussion is a functional disturbance without observable structural injury to the
brain.1–3 It has been reported that 80% of concussions resolve without incidence within 7-10 days.4
Twenty percent of the sports-related concussions
can take longer than three weeks to resolve.5,6
Following a concussion an individual can experience headaches, dizziness, cervical dysfunction,
fatigue, balance disturbances, oculomotor impairments, and alterations in coordination.7 Physical
Therapists are in a position to provide treatment to
improve function in individuals following a concussion. The author7 previously developed a conceptual

model for the management of protracted recovery
following a sports-related concussion. The model
was developed to assist:
1) Physical Therapists organize, prioritize, and modify their treatment plans
2) Physicians and other healthcare providers to
identify which individuals would benefit from
Physical Therapy
The conceptual model is a visual representation of
how physical therapy should be organized over time
from onset of concussion to unrestricted return to
sport. (Figure 1) There are four levels of treatment
considerations: 1) Recovery Time Line, 2) Phases of
Recovery, 3) Progression of Treatment, and 4) Treatment Domains.
Although no specific time ranges are given, the
model is organized to guide how treatment should

Figure 1. From Lundblad M. A Conceptual Model for Physical Therapists Treating Athletes With Protracted Recovery Following
A Concussion. Int J Sports Phys Ther. 2017;12(2):286-296. Used with permission of The International Journal of Sports Physical
Therapy.
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be progressed over time. Treatment should initially
focus on medical based assessments and addressing physical impairments.1,2,4,8–11 As time passes the
treatment strategies should evolve towards emphasizing function and biopsychosocial principles.7,12
The model identifies three treatment domains of
physical therapy management of sports-related concussion. The three domains are: 1) Vestibular-Ocular
Rehab, 2) Cervical Rehab, and 3) Physical Exertion
Progression. A physical therapist can treat limitations within multiple domains.13
Post-Concussion Symptoms and Scales/
Checklist
Self-reported symptom scales, neurocognitive function and balance testing are frequently used in
concussion management.8,9,14,15 There are numerous self-reported symptom scales or checklists
available.16–20 These scales examine multiple physical, cognitive, emotional, and sleep-related symptoms.16,21,22 The majority of the scales record degree
of symptom intensity on a 7-point Likert Scale (0
to 6).17 Using one of the scales available is part of
the standard of care when assessing for a potential
concussion, tracking a patient following a concussion, and as part of the return to play progression to
assess patient readiness to return to sport.1,4,23,24
Tracking multiple symptoms during all phases of
recovery can provide useful information regarding those at-risk for protracted recovery. Dizziness
at the time of injury has been associated with prolonged recovery.25 Athletes experiencing fogginess
typically experienced more post-concussion symptoms, slower reaction times, decreased memory,
and longer recovery times.26 Those with a pattern
of post-traumatic migraines (headaches, nausea,
and photosensitivity) demonstrated greater decline
in neurocognitive performance and warranted
more careful monitoring during their recovery.27–30

Increased total symptom score (total number of different symptoms and the severity of symptoms) has
been shown to be a predictor of those athletes that
are experiencing prolonged recovery.5,16,31–35
Symptom checklists are useful during the medical
assessment of an athlete following a concussion.
They assist in diagnosing a concussion, identifying
those at-risk of protracted recovery, tracking recovery, are and used in return to play protocols. On
the other hand, symptom checklists only capture a
numerical snapshot of the symptoms. They do not
take into consideration other symptom behaviors
such as frequency, impact on function, and impact
on quality of life.36–39 These other symptom behaviors can provide useful information related to the
biopsychosocial model and are especially important
during protracted recovery.12
Introducing the Concept of Symptom
Instability
“Symptom Instability” in concussion management is
a new term developed by the author.40 It includes
the severity of a symptom, but also accounts for the
behavior of the symptoms. Symptom instability can
be rated as high, moderate or low. The level of symptom instability is determined based on the number
of symptoms, the intensity of the symptoms, the
ability to manage symptoms and the impact the
symptoms have on activities of daily living (ADL’s).
(Table 1)
The term symptom instability used in this commentary was specifically developed to help in the management of post-concussion deficits, but it has its
roots in the manual therapy concept of “Irritability”.41
Maitland’s concept of irritability was assessed by
determining the vigor of activity required to provoke
the patient’s symptoms, the severity of the present
symptoms, and the amount of time required for the
symptoms to subside. The concept of irritability can

Table 1. Symptom Instability Levels.
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assist manual therapists in organizing their evaluation and progressing the patient’s treatment.42,43
CLASSIFICATION SYSTEM FOR PHYSICAL
THERAPISTS
Currently Available Concussion Models
Patients who have sustained a sports-related concussion are a heterogenous group with mixed patterns
of clinical findings and symptoms. This can make
it difficult to target treatment and provide consistent individualized care.6 A concussion is defined
by a functional loss and neurological symptoms.4,44
There are no structural injuries to observe. A couple of classification systems have been developed to
address these limitations.
Collins6 presented a model for classifying treatment
trajectories based on empirical evidence related to
sports-related concussion and clinical expertise. The
trajectories were determined after a clinical interview, self-reported symptoms assessment, vestibular and ocular screens, neurocognitive testing and,
if needed, neuroimaging. Six clinical trajectories
emerged:
1) Cognitive/Fatigue
2) Vestibular
3) Ocular motor
4) Post-traumatic migraines
5) Affective

Four treatment subgroups were proposed based on
the above testing procedures: 1) Return to play, 2)
Physiological, 3) Vestibulo-Ocular, and 4) Cervical.
The author presented possible rationale for each
classification and suggested treatment strategies.
Although these two classification systems incorporate physical therapy, they do not address the complete scope of physical therapist practice. There is
no classification system for concussion management developed specifically for physical therapy.
Other Models of Care Speciﬁc to Physical
Therapy
Non-specific low back pain is another condition treated
by physical therapists that also lacks a pathoanatomical classification system. Reviewing some of the classification systems used in non-specific low back pain
can assist with concussion management. They can
serve as a model for how homogenous subgroups can
be developed and utilized by physical therapists.
Deyo46 reported 85% of low back pain is non-specific
in nature. It does not have a clear identified pathoanatomical cause. Delitto47 developed a classification
system for low back pain which assigned patients to
one of four treatment-based classification subgroups:
1) Manipulation, 2) Specific Exercise, 3) Stabilization,
and 4) Traction. This classification system was refined
and updated to include implementation of clinical
prediction rule.48 Reliability was tested for the treatment-based classification system.49 This treatmentbased classification was also assessed in athletes.50

6) Cervical
These clinical trajectories provide a basis for developing individualized treatment plans which are
based on targeted rehabilitation strategies.6
Ellis45 provided an algorithm for classifying postconcussion treatment plans. This treatment algorithm was developed using three criteria:
1) Resting symptom level (asymptomatic, symptomatic)
2) Standardized treadmill assessment
3) Post exertional symptom response (no symptoms, produces symptoms, worsens symptoms or
no symptom exacerbation).

Syndrome based classification systems have also
been used in relationship to non-specific low back
pain. A syndrome is made up of identifiable clusters
of signs and symptoms that can be used to guide treatment.51 McKenzie developed a classification system
that consisted of three mechanical syndromes: 1)
Derangement, 2) Dysfunction, and 3) Postural Syndrome. The groups were developed by examining
movement loss, symptom pattern, and response to
repeated movement testing. The concept of centralization emerged as an important indicator within the
classification system. Centralization is the description of reduction or abolishment of extremity pain
as it moves in a distal to proximal direction.51–53 Centralization has been associated with a good clinical
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prognosis, improved functional disability scores,
and increase return to work rate.53–57
Following a concussion, an individual can experience a variety of physical symptoms, cognitive
impairments, altered sleep patterns, and emotional
and behavioral changes.4,8 These various post-concussion clinical findings result in a heterogenous
patient population. The purpose of this clinical commentary is to propose a classification system that
was developed specifically for the physical therapy
management of sports-related concussion.
Organization of Proposed Classiﬁcation
System
Five subgroups of concussion were developed: 1)
Acute, 2) Classic, 3) Amplified, 4) Focal, and 5) Prolonged. Three defining criteria were utilized to assist
in organizing the classification into their specific
subgroups.58 The three criteria were: duration postconcussion symptoms, symptom instability, and
predictability of symptom triggers. (Table 2)
Time period post-concussion should be the first criteria considered when classifying patients:
• [< 10 days]
• [10 to 90 days]
• [> 90 days]
Less than 10 days represents the acute recovery
period. Ten to ninety days captures patients that are
not recovering spontaneously. Finally, greater than
90 days represents patients that are experiencing
protracted recovery.

The second defining criteria, symptom instability
should be used next to further classify the patients
into their specific subgroup. Symptom instability
was described previously in this paper and can be
rated as low, moderate or high levels.
Last of all, the criteria predictability of symptom
triggers is used to assist with subgrouping when the
first two criteria do not adequately subgroup the
patient. Predictability of symptom triggers examines factors such as migraines, sleep disturbances,
physical exertion, environmental conditions,
emotional stress, and dehydration.59,60 It may also
include the individual’s current physical and psychological health.8 Predictability of symptom triggers can be categorized as “predictable” when clear
triggers could be determined, “unpredictable” when
it is difficult to identify the nature of potential triggers, and “mostly predictable” when some triggers
could be identified.
Treatment Recommendations
Each subgroup has associated treatment recommendations that are based on a review of the literature
and the author’s experience in concussion management. (Table 3)
Acute/Early Recovery
Initial emphasis is placed on identifying the presence of a potential concussion and protecting the
individual from additional injury.2,4,7 Relative rest is
emphasized during this time period. Patients should
avoid exacerbating environmental, cognitive and
physical activity but should not assume complete
bed rest either.61 If a patient returns to baseline levels

Table 2. Subgroup Characteristics.
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Table 3. Treatment Characteristics.

of symptoms, neurocognitive testing and function
during the first 10 days following a concussion the
Return to Play Protocol should be followed before
returning the patient to sport.4 The Return to Play
Protocol is a graduated progression of activity that
consist of six rehabilitation stages: 1) No activity, 2)
Light aerobic exercise, 3) Sports-specific exercise, 4)
Non-contact training drills, 5) Full-contact practice,
and 6) Return to play.4

treatment domain (Cervical, Vestibular-Ocular, or
Physical Exertion Progression) that most noticeably
impacts the individual’s function.7 The physical therapist should provide appropriate activity and exercise to mitigate deconditioning without exacerbating
symptoms.61–63 Since depression and anxiety can
influence the course of recovery, the physical therapist should monitor and screen for onset and make
appropriate referrals if screening is positive.64,65

Classic
Treatment should focus on managing environmental factors that may exacerbate symptoms or act as
barriers to participation in normal activities of daily
living (ADL). The focus should be on the primary

Ampliﬁed
Treatment should focus on addressing the individual using the biopsychosocial model and avoid
over-emphasizing all the individual’s symptoms and
impairments.12 Work on returning the individual to
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functional activities and ADL’s.8 Address obvious
triggers when they can be clearly identified.59,60,66
If it has not already been introduced to the patient,
light aerobic activity should be incorporated to
minimize deconditioning.63 The physical therapist
should assist in making referrals to other medical
professionals to assess for depression and anxiety.8
Focal
Treatment should focus on identified isolated impairments and functional limitations.6,45,67–70 Physical
Therapists should encourage patients to increase
their participation in normal ADL’s. The patient
should be educated and given guidelines on how to
independently perform an appropriate aerobic exercise program.71 If symptoms and function are not
improving in this subgroup, then the physical therapist should reassess to determine:
1) if the plan of care should be progressed
2) if there are unidentified impairments or symptom triggers
Prolonged
In this subgroup, treatment should emphasize activities that promote neuroplasticity and function.72–75
Patients need to be encouraged to participate in the
highest level of ADL’s possible.9 An active exercise
program should be developed to mitigate deconditioning, anxiety, depression and sleep disturbances. The physical therapist should coordinate
their care with other rehab and medical services
such as speech therapy and psychology.8,76–80
CONCLUSIONS
Classification systems help organize clinical information, develop effective treatment plans, and provide
a prognosis for care.51 A concussion is a functional
disturbance in neurological function without observable structural injury. The lack of a patho-anatomical model presents a challenge for developing a
classification system with homogenous subgroups.
The classification system described in this commentary was developed specifically for physical
therapists. The concept of symptom instability was
specifically developed to use as one of the principle
criteria to assist with classifying athletes into one of
the subgroups. Symptom instability along with the

ability to predict symptom triggers helps narrow
the classification system down into more discrete
subgroups.
The author previously developed a conceptual
model for physical therapists treating athletes with
protracted recovery following a concussion.7 The
conceptual model should be referenced with this
paper in order to obtain more specific details on the
treatment domains utilized by physical therapists
and rationale for how to best progress the treatment
plan over time. Future research should be done to
establish the reliability and validity of the classification system.
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