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ABSTRACT
Background: Previous researchers have suggested that balance control deficits are detected more accurately with dual-task testing than single-task 
testing. However, it is necessary to examine the clinimetric properties of dual-task testing before employing it in clinical and research settings. 

Objective: To examine and compare the relative and absolute reliability of the Balance Error Scoring System (BESS), Tandem Gait Test (TGT), and 
Clinical Reaction Time (CRT) under single and dual-task conditions in uninjured active youth and young adults.

Study Design: Single-group, repeated-measures study.

Methods: Twenty-three individuals [9 female; median age 17 years] completed three trials of the BESS, TGT, and CRT under single and dual-task 
testing conditions during testing session one. Two raters assessed participants to assess inter-rater reliability. Either later on the same day or the 
following day, the protocol was repeated by one rater to assess intra-rater reliability. The average of three trials was used to calculate intra-rater 
(between-session) and inter-rater (within-session) intraclass correlation coefficient (ICC), standard error of measurement (SEM), minimal detect-
able change (MDC), and Cohen’s Kappa coefficient for tests as appropriate under both conditions. Bland-Altman plots (mean difference and 95% 
limits of agreement) were used to assess for a systematic error associated with a learning effect.

Results: Only one participant attended the second session on the following day, while 22 participants (95%) attended the second session within 
four hours after testing session one. Under single-task testing, estimated ICCs, SEMs, MDCs, and Kappa coefficients ranged from 0.24 to 0.99, 0.3 
to 23, 0.8 to 64, and 0.03 to 0.64, respectively. Under dual-task testing, estimated ICCs, SEMs, MDCs, and Kappa coefficients ranged from 0.70 to 
0.99, 0.4 to 17, 1.1 to 47, and 0.39 to 0.83, respectively. A learning effect was identified for all tests under all conditions. 

Conclusion: The BESS is the only clinical test that demonstrated acceptable reliability for clinical use under single-task testing conditions. The 
BESS, TGT, and CRT all demonstrated acceptable reliability for clinical use under dual-task testing conditions. A practice session should be used to 
reduce the possible learning effect seen. Further studies examining sources of the systematic error observed are needed.

Level of Evidence: 2b.

Keywords: Adolescent, gait, psychometrics, reaction time, sport, young adult, movement system. 
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reaction times (r=0.54, p-value not provided) in 
uninjured athletes..14 

When a more accurate assessment of balance is 
needed, as in research settings, instrumented assess-
ment of balance control using laboratory measures 
have been employed.15 Commonly used testing 
paradigms across studies involving instrumented 
assessments included single- and dual-task testing 
paradigms.16-20 For single-task testing, examined indi-
viduals are asked to control their balance without 
performing a concurrent cognitive task. For dual-task 
testing, examined individuals are asked to control 
their balance while performing a concurrent cogni-
tive task. The authors of these studies demonstrated 
that adding a concurrent cognitive task to a balance 
task can provide important information about bal-
ance control impairments that may not be identi-
fied with single-task testing.16-20 Further, a recent 
systematic review21 reported that dual-task testing 
identified balance impairments later in the recovery 
period following concussion than single-task testing. 
Although instrumented assessments are not clini-
cally feasible given the time, cost and need for spe-
cialized equipment and technicians, the translation 
of the dual-task paradigm to clinical balance testing 
through the addition of a cognitive task to tests such 
as the BESS,22 TGT,23 and CRT14 may improve the 
robustness of clinical balance assessment.

Before employing the dual-task BESS, TGT, and CRT 
in clinical or clinical research settings, it is neces-
sary to examine their clinimetric properties (i.e., 
reliability and validity).24 The primary objective of 
this study was to examine the relative and absolute 
reliability of the dual-task BESS, TGT and CRT in a 
sample of uninjured active youth and young adults. 
It was hypothesized that dual-task testing would 
demonstrate acceptable reliability for clinical use. A 
secondary objective of this study was to compare the 
reliability of the BESS, TGT, and CRT under single-
task versus dual-task testing.

METHODS 

Design
This was a single-group, repeated-measures study 
examining the relative and absolute intra-rater 
(between-sessions) and inter-rater (within-session) 
reliability of three clinical tests of balance control 

INTRODUCTION
Non-instrumented assessment of balance control 
is a common practice in clinical and on-field sports 
medicine, rehabilitation, and training settings.1 For 
example, the Balance Error Scoring System (BESS),2 
Tandem Gait Test (TGT),3 and Clinical Reaction 
Time (CRT)4 are frequently used in baseline pre-
season testing and after concussion to examine 
static balance, dynamic balance, and reaction time, 
respectively.5

The clinimetric properties of the BESS, TGT, and 
CRT have been examined to varying degrees. The 
BESS involves three stances, double, single and tan-
dem. Each stance takes 20 seconds to complete and is 
performed on both a firm and unstable surface. The 
intra- and inter-rater reliability of the BESS has been 
previously examined in uninjured children, youth, 
and adult athletes with observed intra-class correla-
tion coefficient (ICC) ranging from 0.57 to 0.98.2,6-9 
The BESS has also demonstrated varying degrees of 
criterion-related validity and concurrent validity in 
comparison to kinematic measures of postural sway 
in uninjured adult male (r=0.3-0.79, p<0.01)10 and 
adolescent (r = 0.54, p = 0.001)11 athletes. However, 
Quatman-Yates et al12 suggested that the BESS may be 
limited for producing accurate assessments of postural 
control abilities in young athletes with concussion. 

The TGT involves walking in a forward direction as 
accurately and quickly as possible down and back 
along a 38mm-wide three-meter line, with an alter-
nate foot heel-to-toe gait. Despite the wide usage of 
the TGT for dynamic balance assessment, it is diffi-
cult to synthesize the test’s clinimetric properties as 
there is currently no standardized testing protocol. 
The intra- and inter-rater reliability of the TGT proto-
col described by Koyama et al.13 has been previously 
examined in uninjured adults with ICCs ranging from 
0.70 to 0.95. The TGT has also demonstrated evi-
dence of concurrent-validity (r>0.67, p<0.01) with 
Timed Up and Go test scores in uninjured adults.13 

Finally, the CRT involves catching a falling num-
bered-rod as quickly as possible. The drop distance 
is then converted to speed. The intra- and inter-rater 
reliability of the CRT has been previously examined 
in uninjured athletes with ICCs ranging between 
0.74 and 0.76.14 The CRT has also demonstrated evi-
dence of criterion-related validity with computerized 
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complete a study questionnaire that gathered infor-
mation about demographics and medical history. 
Participants were then familiarized with testing pro-
cedures before data collection started. Next, the two 
physical therapists independently rated and recorded 
individual participant’s performance simultaneously 
to evaluate the inter-rater reliability of the BESS, TGT 
and CRT under single and dual-task conditions. One 
physical therapist (TM) provided tests’ instructions 
for all participants. Participants performed the BESS, 
TGT, and then CRT under both the single- and dual-
task testing conditions, with the single-task testing 
condition performed first. Participants were given a 
one-minute rest between trials to minimize fatigue. 
Consistent with a guideline for reliability research 
design,29 one of the physical therapists (TM) repeated 
testing of all participants for all tasks under all condi-
tions either later on the same day or the following day 
to evaluate the intra-rater reliability. The BESS, TGT, 
and CRT were administered in the same order as in 
session one. The two physical therapists followed a 
specific script for the BESS, TGT, and CRT in order to 
standardize test instruction between raters and test-
ing sessions. Participants completed the tests with 
their shoes on. No feedback regarding testing out-
comes was given to participants or shared between 
physical therapists during or after testing.

Outcome Measures
Demographics and medical history. A questionnaire 
adapted from the Sports Concussion Assessment 
Tool–5th edition (Appendix 1) was used to collect 
information on participants’ demographics (i.e., sex, 
age, and the primary played sport) and medical his-
tory (i.e., history of previous concussions and cur-
rent medications).30 

The Balance Error Scoring System (Figure 1). The 
BESS is used to evaluate static balance ability and 
involves three stances, double, single and tandem. 
Each stance takes 20 seconds to complete and is per-
formed on both a firm and unstable surface. A stance 
in the BESS is scored based on the number of errors 
a participant commits, with one point given for each 
error. Possible errors include lifting the hands off the 
iliac crests, opening the eyes, stepping, stumbling, 
falling, remaining out of position for more than five 
seconds, moving the hip into more than 30 degrees 

under single and dual-task conditions. Relative reli-
ability is the degree to which tested individuals 
maintain their position in a sample with repeated 
measurements. Absolute reliability, on the other 
hand, is the degree to which scores on repeated 
measurements vary for tested individuals.25 Ethics 
approval (No: Pro00077091) was acquired from the 
University of Alberta Health Research Ethics Board, 
and informed consent and/or assent was obtained 
from all participants prior to testing as appropriate.

Participants
Participants included a convenience sample of unin-
jured active individuals who were 13 – 24 years old. 
‘Active’ was operationalized as Cincinnati Sports 
Activity Scale level one or two.26 Participants were 
recruited from local sport organizations and through 
advertisements, social media, and word of mouth. 
Participants were excluded if they were not active in 
recreational or competitive sport; had suffered a con-
cussion within the prior 12 months; reported a lower 
extremity injury that resulted in time lost from rec-
reational/sport activities for greater than one week 
within the prior three months, had an inner ear or 
sinus infection over the week prior to testing, had an 
uncorrectable (i.e., neither with vision glasses nor 
contacts) vision condition at time of testing, had a 
history of cognitive deficits including concentration 
abnormalities, history of attention deficit hyperac-
tivity disorder; or were non-English speakers. Sam-
ple size was estimated based on guidelines provided 
by Walter et al.27 Based on previously reported reli-
ability of the BESS (ICC = 0.87),6 twenty-one partici-
pants were needed for reliability analysis using two 
repetitions to achieve a power of 80% with alpha of 
0.05 for clinically acceptable reliability (ICC =0.6).28

Procedures
All data were collected at a private physiotherapy 
clinic over two testing sessions. Two physical thera-
pists (TM, CI) rated individual participant’s perfor-
mance of three trials of the BESS, TGT and CRT under 
single and dual-task conditions. Each of the two phys-
ical therapists had more than five years of experience 
administering the BESS, TGT, and CRT in clinical set-
tings. They met before data collection to review and 
discuss the test instructions and scoring procedures. 
At testing session one, participants were asked to 
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support.30 In the current study, the time in seconds 
required for participants to complete the test (i.e., 
TGT-Time), as well as the participant’s ability to suc-
cessfully complete the test (i.e., TGT-Error, pass/fail) 
were collected. For the dual-task condition, partici-
pants were asked to spell-out a five-letter word back-
ward while performing the TGT.16 

The Clinical Reaction Time (Figure 3). The CRT is used 
to evaluate reaction time and requires a participant 
to sit on a chair with the dominant hand resting 
opened on a fl at, horizontal table. During the CRT, 
the examiner vertically suspends a rigid 80cm cylin-
der coated in high-friction tape, marked in ½ cm 
increments, and affi xed to a weighted disk at one 
end. At predetermined, random time intervals rang-
ing from 4 to 15 seconds, the examiner releases the 
apparatus and the participant catches it as quickly as 
possible. The distance the apparatus falls in centime-
ters is recorded by measuring from the top of the 

of flexion or abduction, or lifting the forefoot or heel. 
A maximum of 10 points per stance is allowed. If a 
participant is unable to maintain a stance for five 
seconds, a maximum score of 10 was given for that 
stance. The total score of the BESS ranges from 0 to 
60, and is calculated as the sum of the error points 
given for each of the six stances.10 For the dual-task 
condition, participants were asked to subtract by 
seven from a randomly assigned number while per-
forming the BESS. This cognitive task is frequently 
used in dual-task balance assessment.16 

The Tandem Gait Test (Figure 2). The TGT is used to 
evaluate dynamic balance control and involves walk-
ing in a forward direction as fast and accurately as 
possible down and back along a 38mm-wide three-
meter line using an alternate foot heel-to-toe gait. 
During the TGT, the administrator notes whether 
the evaluee steps off the line, separates his/her heel 
and toe, or touches the examiner or an object for 

Figure 1. CThe Balance Error Scoring System. Top row, fi rm surface condition. Bottom row, soft surface condition. Left column, 
parallel stance. Middle column, single-leg stance. Right column, tandem stance.
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Analysis
Appropriate descriptive statistics were used to sum-
marize all outcomes. For balance tests with con-
tinuous outcomes including the BESS, TGT-Time, 
and CRT, ICC2,1 with 95% confidence intervals (CI) 
were calculated based on trial one and the average of 
three trials to estimate relative intra-rater and inter-
rater reliability.29 ICC estimates were interpreted 

disk to the most superior aspect of the participant’s 
hand. This distance is then converted to clinical reac-
tion time, in milliseconds, using the formula for a 
free body falling under the infl uence of gravity 
(d = ½ gt²; where d = distance, g = 9.8 m/s², and t 
= time.31 For the dual-task condition, participants 
were asked to verbally spell a fi ve-letter word back-
ward while waiting for the testing apparatus to fall.16

Figure 2. The Tandem Gait Test. (a) Starting point. (b) Heel-to-toe walking. (c) Turning. (d) heel-to-toe walking back to the starting point.

Figure 3. The Clinical Reaction Time Test. (a) Demonstration of the starting athlete and tester positioning. (b) Demonstration 
of the post-drop athlete and tester positioning.
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but prior to testing for undisclosed personal reasons. 
The recruited sample included 23 participants. The 
median age of participants was 17 years (ranging 
from 13 to 24), and 39% (n=9) were female. The 
majority (65.2%) of participants played hockey, rin-
gette (i.e., a game of Canadian origin for women and 
girls that is played on ice with two teams of six play-
ers on skates whose object is to drive a rubber or 
plastic ring into the opponents’ goal with a straight 
stick), or soccer. Nine of the participants (39%) had 
suffered a concussion greater than one year prior to 
testing. One participant (4.3%) reported current use 
of antibiotics for acne.

 All participants (n=23) completed two sessions of 
testing. Only one participant attended the second 
session on the following day, while 22 participants 
(95%) attended the second session within four hours 
after testing session one. Summary statistics for par-
ticipants’ performance on the BESS, TGT-Time, TGT-
Error, and CRT are summarized by session, rater, 
and task in Table 1.

Relative Reliability
Table 2 summarizes intra- and inter-rater ICC’s (95% 
CI) estimates for the BESS, TGT-Time, and CRT under 
single- and dual-task conditions calculated using trial 
one only, while Table 3 presents these estimates cal-
culated using an average of all three trials. Inter-rater 
reliability ICC for the CRT (single-task) based on trial 

as acceptable if they were ≥0.60.28 Standard error 
of measurement (SEM),24 and minimal detectable 
changes at the 95% confidence level (MDC95) based 
on trial one and average of three trials were calcu-
lated to estimate absolute intra-rater and inter-rater 
reliability.32 SEM was calculated as SEM = pooled 
Standard Deviation x (√1 - ICC). MDC95 was cal-
culated as MDC95 = 1.96 x SEM x √2. Bland-Alt-
man plots (i.e., mean difference and 95% limits of 
agreement) were used to assess for systematic bias 
between the first and third trial at session one, and 
between sessions using the average of three trials at 
session one minus the average of three trials at ses-
sion two of all tests and conditions using data from 
rater one (TM).33 For TGT-Error, Cohen’s Kappa coef-
ficients (κ; 95% CI) for three trials were calculated 
to estimate intra-rater and inter-rater agreement.34 
All analyses were performed using IBM SPSS 25 for 
Windows (Armonk, New York).

RESULTS

Participants
Of the 40 individuals who expressed interest in par-
ticipating in the study, four did not meet the inclu-
sion criteria (history of concussion within the year 
prior to testing), three declined to participate (time 
constraints), and nine did not respond to commu-
nications leaving a study sample of 24 participants. 
One participant withdrew after providing consent, 

Table 1. Descriptive Statistics for the BESS, TGT, and CRT by Session, Rater, and Task (n=23).
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trials were > 0.60 for single-task testing across tasks 
and conditions. Table 4 presents intra- and inter-rater 
Cohen’s κ estimates for the TGT-Error under both 
single- and dual-task conditions. In general, the dual-
task condition provided higher Cohen’s κ estimates 
compared to single-task conditions.

one could not be estimated due to an absence of vari-
ance in scores between raters (i.e., Negative ICC val-
ues obtained).35 All of the ICCs calculated based on 
the average of three trials were > 0.60 for dual-task 
testing across tasks and conditions. Fifty-percent of 
the ICCs calculated based on the average of three 

Table 2. Intra- and Inter-rater Reliability Estimates for the BESS, TGT, and CRT by Session, 
Rater, and Task (n=23).

Table 3. Intra- and Inter-rater Reliability Estimates for the BESS, TGT, and CRT by Session, 
Rater, and Task (n=23).
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conditions. The positive shift observed remained 
after stratifying the analysis by sex and age.

DISCUSSION
This novel research demonstrates that averaging 
observations across three trials produces clinically 
acceptable relative and absolute intra-rater and inter-
rater reliability for the BESS, TGT-Time, and CRT in 
uninjured active youth and young adults. This was 
true in in both dual- and most single-task conditions. 
Given this and the potential learning effect observed, 
it is recommended that a practice session be admin-
istered prior to performing the BESS, TGT and CRT 
regardless of dual- or single-task conditions. Further, 
dual-task testing demonstrated higher relative and 
absolute reliability compared to single-task testing. 

As there is a paucity of evidence about the reliabil-
ity of dual-task clinical balance testing direct com-
parisons to previous studies are limited. Ross et 
al22 reported higher estimates of inter-session reli-
ability (ICC = 0.81, SEM = 1.87) based on one trial 

Absolute Reliability 
Table 2 summarizes intra- and inter-rater SEM and 
MDC estimates for all tests under single- and dual-
task conditions calculated using trial one only, while 
Table 3 presents these estimates calculated using an 
average of all three trials. Overall, administering the 
BESS, TGT-Time, and CRT three times and averag-
ing the three trials provided lower SEMs and MDCs 
under both single- and dual-task testing. Based on 
the average of three trials, dual-task testing provided 
lower SEMs and MDCs for the BESS, TGT-Time, and 
CRT compared to single-task testing. 

Table 5 summarizes the mean difference (SD) and 
95% limits of agreement associated with Bland-Alt-
man plots for between trials and between sessions 
of all tests and conditions. There was a positive shift 
in the difference scores related to single- and dual-
task BESS, TGT-Time, and CRT between trials and 
between sessions (Figure 4 presents an example). 
Appendix 2 shows all of the Bland-Altman plots for 
between trials and between sessions of all tests and 

Table 4. Kappa Statistic (κ) for the Pass/Fail Task in the Tandem Gait Test (n=23).

Table 5. Summary Data Associated with Bland-Altman Plots.
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the TGT-Time between testing sessions. One expla-
nation for the systematic error in the TGT-Time for 
between-sessions measurements is a learning effect. 
Specifically, participants tended to walk faster in 
session two compared to session one (1.8 seconds in 
maximum mean difference; Table 5). Further stud-
ies comparing the systematic error of the single-task 
TGT-Time in adolescent versus adults are needed. 
Finally, Eckner et al14,37 reported higher intra-rater 
(ICC=0.76) and inter-rater (ICC=0.74) reliability 
estimates based on repeated administration of the 
single-task CRT in samples of uninjured individu-
als (age range 8-30 years). The difference may be 
attributed to the limited number of repetitions aver-
aged in the current study (three trials) compared to 
the later (eight repetitions), which may have con-
tributed to greater between-rater variability. To the 
authors’ knowledge, there are no previous studies 
examining the reliability of single-task TGT-Error.

The results from the current study suggest that 
repeated administration of the dual-task BESS, TGT-
Time, and CRT are associated with a learning effect. 
Specifically, participants tended to commit fewer 
errors on the BESS, walk faster on the TGT, and react 
faster on the CRT in trial three compared to trial one, 
and in session two compared to session one (Table 
5). Further studies are needed to determine the 
effect of different sources of variance within these 
tests, potentially informed by generalizability the-
ory. Examples of the sources of variance include age, 
sex, number of trials, fatigue, and footwear.38-41 The 
results, on the other hand, further supports previous 
investigations suggesting that  repeated administra-
tion produces a learning effect with the single-task 
BESS,38 TGT-Time,13 and CRT (mainly with three tri-
als).42 For instance, participants’ performance on the 
BESS, TGT-Time, and CRT enhanced in trial three 
compared to trial one, and in session two compared 
to session one (see Table 5).

In a previous systematic review on dual-task assess-
ments for use in concussion management,16 Regis-
ter-Mihalik and colleagues observed that dual-task 
testing in some cases was more reliable than single-
task testing. While the findings of the current study 
are consistent with this observation, the exact reason 
for this is not clear. The authors of the current study 
speculate this may represent higher measurement 

of the dual-task BESS in a sample of uninjured col-
lege students. On the other hand, a comparable esti-
mate of inter-rater reliability (ICC = 0.87) based on 
repeated administrations of the dual-task CRT has 
been reported in a sample of uninjured athletes.14 To 
the authors’ knowledge, there are no previous stud-
ies examining the reliability of TGT under dual-task 
condition. 

There are substantially more studies examining the 
reliability of single-task clinical balance testing com-
pared to dual-task testing.2,7,9,13,14 Compared to the 
current study, Finnoff et al7 reported a higher inter-
rater reliability estimate (MDC=9.4) based on one 
trial of the single-task BESS. It is difficult to hypoth-
esize the reasons for this difference as the authors 
did not report participant demographics, or a con-
fidence interval for the MDC estimate. Similarly, 
Schneiders et al36 reported higher intra-rater reli-
ability estimates based on one trial (ICC=0.54) and 
the average of three trials (ICC=0.70) of the single-
task TGT-Time in a sample of uninjured individuals 
(mean age=22.2±3.8 years). Possible explanations 
for this difference may be the younger sample and 
the systematic error in the TGT-Time identified in 
the current study, which reduced the stability of 

Figure 4. Bland-Altman plot of the difference in the single-
task Tandem Gait Test (seconds) between sessions one and 
two against the mean difference. The solid horizontal line 
represent the mean difference. The dashed horizontal lines 
represent the 95% upper and lower limits of agreement.
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injured youth and young adults. As the majority 
(61%) of the recruited sample were males, the gen-
eralizability of the findings to females may be lim-
ited. Similarly, the generalizability of the findings 
to different sports may be limited due to the fact 
that the majority (65.2%) of the recruited sample 
played hockey, ringette, or soccer. Individuals who 
were recruited may be at different levels of matu-
ration, which may contribute to the variability in 
the results. Finally, the precision of the single-task 
TGT-Time, single- and dual-task TGT-Error, and dual-
task CRT was low, which may be attributable to test 
instability and/or the small and homogenous sam-
ple recruited.

The current study is a first step toward establish-
ing a line of research evaluating the clinimetric 
properties of clinical dual-task testing paradigms 
for identifying balance control deficits in neuro-
logically impaired adolescents and young adults. 
Future studies examining the reliability, validity, 
and responsiveness of the dual-task BESS, TGT, and 
CRT are needed in larger and more representative 
samples of neurologically impaired adolescents and 
young adults.

CONCLUSION
Assessment of balance control is a common practice 
in clinical and training settings. Studies involving 
instrumented assessments have demonstrated that 
adding a concurrent cognitive task to a balance task 
can provide important information about balance 
control impairments that may not be identified with 
single-task testing. As the instrumented assessment 
of balance control is not always clinically feasible, it 
has been suggested that adding a cognitive task to the 
commonly used BESS, TGT, and CRT may improve 
the robustness of clinical balance assessment. The 
findings of the current study suggest that adminis-
tering the dual-task BESS, TGT, and CRT three times 
and averaging the three trials provided acceptable 
reliability for clinical use. Further, dual-task testing 
demonstrated higher relative and absolute reliability 
compared to single-task testing.
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Appendix I. Participants Background.
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Appendix 2. Bland-Altman plots of the difference in balance tests between trials and between sessions 
against the mean difference. The solid horizontal lines represent the mean difference. The dashed horizon-
tal lines represent the 95% upper and lower limits of agreement. a) Trial 1 vs. Trial 3 BESS, single task, b) 
Trial 1 vs. Trial 3 BESS, dual task, c) Trial 1 vs. Trial 3 Tandem Gait test, single task, d) Trial 1 vs. Trial 3 
Tandem Gait test, dual task, e) Trial 1 vs. Trial 3 Clinical Reaction Time, single task, f) Trial 1 vs. Trial 3 
Clinical Reaction Time, dual task, g) Session 1 vs. Session 2 BESS, single task, h) Session 1 vs. Session 2 
BESS, dual task, i) Session 1 vs. Session Tandem Gait test, single task, j) Session 1 vs. Session Tandem Gait 
test, dual task, k) Session 1 vs. Session 2 Clinical Reaction Time, single task, l) Session 1 vs. Session 2 
Clinical Reaction Time, dual task



ABSTRACT
Background: It has been recognized that anterior cruciate ligament (ACL) injuries typically occur when athletes are 
attending to a secondary task or object, including teammates, opponents, and/or a goal. Commonly applied tests after 
ACL injury include a series of hop tests to determine functional status, yet do not control for visual fixation. 

Purpose: To examine the influence of visual fixation during two functional hop tests in healthy individuals.

Study Design: Repeated measures

Methods: Participants performed the crossover triple hop for distance (XHOP) on the left lower limb, and the medial 
triple hop for distance (MHOP) on the right. For the hop test only conditions, participants were not instructed where 
to fix their vision while performing the hop test. The visual fixation condition required participants to fix their vision 
on an alternating plus/minus sign at the center of a display monitor located in front of the participant while perform-
ing each hop test, respectively. A retest session occurred 48-72 hours after the initial test session in order to examine 
reliability.

Results: Thirty-four healthy adults (age: 24.0 ± 3.9 years) completed testing procedures, performing the XHOP and 
MHOP under standard and visual fixation conditions. Of those participants, twelve completed a retest session for 
reliability analysis. Hop distance was not altered by the addition of visual fixation (p = 0.27), with trivial effect sizes 
found across conditions (d = 0.02 – 0.07); however, the addition of visual fixation slightly improved within- and 
between-session intrarater reliability, standard error of measurement, and minimal detectable change of the MHOP.

Conclusion: Hop distance during the XHOP and MHOP was not influenced by visual fixation. Measurement of both 
the XHOP and MHOP was reliable, but lacked precision. Measurement properties for the MHOP including within- 
and between-session reliability, standard error of measurement, and minimal detectable change improved slightly 
with the addition of visual fixation compared to normal MHOP procedures. 

Level of Evidence: 2b

Keywords: anterior cruciate ligament, hop testing, knee, movement system, vision
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INTRODUCTION
During rehabilitation after lower extremity (LE) 
injury, athletes commonly perform some type of 
return to play testing. However, even after receiv-
ing medical clearance for the return to sport, ath-
letes continue to experience unsatisfactory clinical 
outcomes after anterior cruciate ligament recon-
struction (ACLR), with nearly 30% of athletes expe-
riencing a second anterior cruciate ligament (ACL) 
injury.1 Return to play testing often includes a bat-
tery of tests evaluating the multiple domains (e.g., 
strength, balance, and functional tests) of an indi-
vidual’s physical performance. Commonly utilized 
tests after ACL injury or ACLR include a series 
of hop tests to determine the functional status of 
the involved limb relative to the uninvolved limb, 
expressed as percentage of limb symmetry.2 A 
recent systematic review of functional performance 
testing after ACLR reported the most commonly 
used functional assessments were hop tests.3 Four 
of the five most common hop tests, with the excep-
tion of the single-leg hop height test, were the single 
leg hop for distance, triple hop for distance, cross-
over triple hop for distance (XHOP) and timed-6 
meter hop. These were reported to have adequate 
validity for short- and long-term clinical outcomes 
in those with ACLR, including moderate correlation 
between changes in overall limb symmetry index 
(LSI) and Global Rating of Change Scores (r = 0.58).4 
The tests were also predictive of radiographic knee 
osteoarthritis at 10-year follow up when single leg 
hop for distance limb symmetry was less than 90% 
at one year postoperative.5 These hop tests have 
also demonstrated good to excellent test-retest reli-
ability (ICC = 0.82 – 0.93).4  

Noncontact ACL injuries typically occur when the 
knee is stressed in multiple planes of movement. 
The XHOP is one of the more challenging hop tests, 
as it places greater demands in the frontal and trans-
verse planes when compared to the single leg hop for 
distance or triple hop for distance tests. Of the four 
common hop tests, the XHOP was one of the most 
predictive of self-reported knee function in those 
with ACL injury (odds ratio = 1.09), and it dem-
onstrated a discriminative accuracy in recognizing 
those with normal knee function when achieving 
an LSI of at least 94.9% (sensitivity = 0.88, negative 

likelihood ratio = 0.25).6 To recognize improved 
functional testing with greater frontal plane 
demands, the side hop endurance test was devel-
oped to better discriminate between injured/unin-
jured limbs for those with ACL injury and ACLR.7 
Recently, the medial triple hop for distance test 
(MHOP) has been used to quantify differences in 
limb symmetry in healthy female collegiate soccer 
and basketball athletes (mean difference between 
limbs 12.4 cm, p = 0.02)8 and has been used to 
detect side-side asymmetries in dancers with uni-
lateral hip pain (mean difference of 17.8 cm, p < 
0.01).9 Impairments in frontal plane movement con-
trol during gait have been reported in those with 
ACLR, with an increased step width variability dur-
ing dual-task assessment.10 To enhance the validity 
of return to play testing, it is logical to evaluate an 
athlete’s response to motor tasks that emphasize 
frontal plane movement control.

Beyond movement in different planes, athletic 
participation, particularly in team sports, involves 
successfully carrying out a motor task while nego-
tiating various external and internal stimuli. It has 
been recognized that ACL injuries typically occur 
when athletes are attending to a secondary task or 
object, including teammates, opponents, and/or a 
goal.11-13 Current hop testing protocols instruct the 
athlete to attain the greatest amount of excursion 
possible, without controlling for visual fixation. 
Visual fixation appears to be important. It was noted 
that allowing for visual fixation on a nearby target 
can reduce mean variability of head position (i.e. 
postural sway) in the anterior-posterior direction 
by roughly 10% in young adults.14 In addition, the 
use of an overhead goal has been shown to increase 
vertical jump height by roughly 1-2% in Division I 
soccer athletes.15 Since rehabilitation professionals 
utilize hop tests that require postural control and 
muscle power to guide return to play decisions, 
it may be important to determine if visual fixa-
tion influences hop performance. The purpose of 
this study was to examine the influence of visual 
fixation during two functional hop tests in healthy 
individuals. A secondary purpose was to examine 
within- and between-session intrarater reliability of 
the functional hop tests under normal and visual 
fixation conditions. 
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METHODS
Participants. Healthy individuals were recruited 
from a sample of convenience, with inclusion cri-
teria as follows: 1) age 18-35; 2) physically active; 3) 
past playing experience in organized cutting/jump-
ing sports at the high school or collegiate level(s); 
and 4) English language fluency. Participants were 
excluded based on the following criteria: 1) prior 
neurologic or balance related disorder; 2) history of 
injury or surgery to the LEs or back within the prior 
six months; 3) history of knee ligament injury; 4) pain 
in either LE ≥ 2/10 on the numeric pain rating scale; 
5) incidence of concussion or concussion-related 
symptoms (e.g., recurrent headaches or migraines, 
oculomotor deficits, balance disturbances) within 
the prior five years; 6) a medically diagnosed cog-
nitive condition including learning disability, any 
condition that limits attention (ADHD), a hearing 
impairment (uncorrected), a vision impairment 
(uncorrected) or colorblindness; and 7) pregnancy. 

An a priori power analysis revealed that 33 partici-
pants were needed to achieve 80% study power at an 
alpha level of 0.05, with partial eta squared effect size 
of 0.06. G*Power software (Version 3.1, University of 
Dusseldorf, Dusseldorf, Germany) was used to cal-
culate the needed sample size.16 All participants pro-
vided informed consent prior to participation in the 
research protocol. Twelve of the participants agreed 
to a second test session 48-72 hours after their initial 
test session to establish test reliability. The research 
protocol was approved by the University of South 
Dakota’s Institutional Review Board prior to data 
collection. 

Procedures. Demographic information was col-
lected and included gender, age, height, mass, years 
of high school and post-secondary education com-
pleted, sport(s) participation, years and level of 
playing experience, and Tegner activity level score. 
The Tegner activity level scale is a self-reported 
rating of current physical activity level from 0-10, 
ranging from sedentary/disability to competitive 
sports at the elite level.17 Since various definitions 
of limb dominance exist according to sport (kicking 
a ball vs. jumping limb), information regarding limb 
dominance was not collected as part of the study 
protocol.8 

Hop tests. Individuals performed a standardized 
warm up as previously described, which included 
a series of bodyweight double-leg squats (2 sets x 8 
repetitions) and double-leg maximal jumps (2 x 5 
repetitions) prior to the XHOP and MHOP.18-20 Thirty 
seconds of rest was allowed after warm up proce-
dures. The same hop testing order (XHOP, MHOP) 
and secondary task condition (normal, visual fixa-
tion) was applied for each participant. Participants 
performed the XHOP conditions on the left lower 
limb, and the MHOP on the right lower limb. This 
alternation in the testing limb order was an effort to 
reduce testing fatigue, as well as take into account 
the relatively high limb symmetry values for XHOP 
(97%) and MHOP (95-98%) reported in healthy 
athletes, respectively.8,21 Participants completed 
one practice trial, and two test trials per condition. 
Therefore, including practice trials, each participant 
performed a minimum of six hop trials on each limb 
for the XHOP and MHOP. This set of hop tests was 
performed within a larger test battery for a sepa-
rate study. Participants were given a minimum of 
30 seconds of rest between test trials.22 Each partici-
pant verbally indicated they were recovered for the 
next trial and were able to receive extra rest time if 
needed. The results of the two test trials were aver-
aged for data analysis for each test condition. 

XHOP and MHOP procedures were adapted from 
those previously described.2,8,23 The hopping sur-
face consisted of vinyl flooring, with a 15-cm wide 
x 10-m long vinyl custom ruler, delineated in one 
cm increments, fixed upon the floor (Oregon Rule 
Co., Oregon City, OR). The XHOP started with the 
participant in left single limb stance, then per-
forming three consecutive hops forward with their 
left limb while alternately hopping over the tape 
measure. Relative to their stance limb, the XHOP 
required the participant to hop over the line in the 
lateral, medial, and lateral directions prior to a 
controlled landing (i.e. left limb has starting posi-
tion on the right side of the tape). The distance 
achieved was measured as the furthest point based 
on the location of the great toe. The MHOP was 
carried out in right single limb stance by having 
the participant position their right foot such that 
their foot was perpendicular to the long edge of the 
measuring tape with the medial edge of their shoe 
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positioned behind the starting line. Participants 
performed three consecutive hops in the medial 
direction towards the participant’s left, relative to 
their right stance limb. Foot position was main-
tained perpendicular to the tape measure upon 
landing, with measurements recorded from the 
most medial edge of the shoe. 

For the XHOP and MHOP, participants were required 
to hold their landing position for a minimum of 
two seconds duration to be considered successful.4 
Touching down of the non-jumping lower limb, los-
ing balance, or extra hops upon landing were deemed 
criteria for unsuccessful trials. Unsuccessful trials 
were repeated; however, a maximum of five test tri-
als were allowed to attain a successful attempt. If 
a successful attempt was not attained within five 
test trials, the participant’s data was excluded from 
analysis. 

Neither the participants nor the researcher were 
blinded to the measuring tape, as this is commonly 
the case in clinical settings; however, the researcher 
did not report testing results to the participants. Par-
ticipants utilized a self-selected technique regarding 
their use of their upper extremities and non-stance 
lower extremity during testing. Participants were 
instructed to wear athletic attire (shorts, t-shirt, 
usual athletic footwear). Testing procedures for this 
study protocol, including the entire test battery, 
required approximately 45 minutes duration. All 
testing occurred in an environment consistent with 
a typical outpatient orthopedic clinic. 

Visual condition. For the hop test only conditions, 
participants were not instructed where to place their 
visual fixation during the test, but simply included 
instruction to achieve a maximal hop distance. The 
visual fixation condition required participants to fix 
their vision on a five-inch plus sign positioned in the 
center of a display monitor24 and notify the exam-
iner if the plus sign changed to a minus sign during 
the hop test duration. A 43-inch (37.1 x 20.8), high 
definition display monitor (NEC Display Solutions, 
Downers Grove, IL), placed on a rolling cart, was 
located eight meters directly in front of the start-
ing position and centered on the tape measure for 
the XHOP (Figure 1). For the MHOP, the display 
monitor was centered at the two-meter location of 

Figure 1. Crossover triple hop for distance with visual 
fi xation condition.

Figure 2. Medial triple hop for distance with visual fi xation condition.
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the measuring tape and positioned three meters in 
front of the tape measure within the participant’s 
field of view (Figure 2). The height of the monitor 
was situated such that the center of the monitor was 
positioned at four feet, six inches. An HDMI cable 
connected the display monitor to a laptop (Lenovo, 
Morrisville, NC) loaded with presentation software 
(Microsoft PowerPoint 2016, Redmond, WA). A slide-
show repeating in loop was used to cycle between 
the plus and minus sign, with intermittent two to six 
second delays between displaying the minus sign. 

Once the participant assumed the starting position, 
they were instructed to “keep your visual focus on 
the plus sign located in the middle of the screen 
throughout the test, and notify the researcher if the 
plus sign changed to a minus sign during the hop 
test.” The researcher conducting the test was posi-
tioned off to the side of the testing environment, in 
an unobtrusive position. 

DATA ANALYSIS 
Analysis was conducted using SPSS version 25.0 
(IBM Corp, Armonk, NY, USA) and included descrip-
tive statistics and reliability coefficients. A Sha-
piro-Wilk test and histograms were reviewed for 
symmetry and unimodality. A two-way repeated 
measures analysis of variance (ANOVA) with two 
within-subjects factors was used to identify main 
effects of hop test type (XHOP v. MHOP) and visual 
fixation (normal v. visual fixation) on hop distance, 
as well as their interaction. An alpha value was set at 
0.05. Effect sizes (Cohen’s d) were assessed accord-
ing to the following criteria: < 0.2 (trivial), 0.2 – 0.49 
(small), 0.5 – 0.79 (medium), and ≥ 0.8 (large).25 

Intraclass correlation coefficients (ICC) with 95% 
confidence intervals were calculated based on a 
single rater, absolute agreement, two-way mixed 
effects model to report the intrarater within- (ICC3,1) 
and between-session (ICC3,k) reliability.26 ICC values 
were interpreted as follows: < 0.5 (poor), 0.5 – 0.75 
(moderate), 0.75 – 0.9 (good), and > 0.9 (excel-
lent).26 The standard error of measurement (SEM) 
was calculated to report the error in the examiner’s 
measurements when estimating the true measure-
ments; SEM = SD √1-ICC (SD = standard deviation). 
The 95% confidence interval value was utilized to 
report the minimal detectable change (MDC), which 

is the least amount of change that can be credited to 
a true change versus an error in the measurement, 
where MDC = SEM * 1.96  * √2.27 

RESULTS
Thirty-four participants completed testing proce-
dures (Table 1). Reliability coefficients are reported 
in Table 2 for within- (ICC3,1) and between-session 
(ICC3,k) intrarater reliability of hop test scores, along 
with SEM and MDC values. Both the XHOP and 
MHOP demonstrated good-excellent intrarater reli-
ability for within- (ICC3,1 = 0.85-0.99) and between-
sessions (ICC3,k = 0.94-0.97) across normal and 
visual fixation conditions. 

Descriptive data were reported for each hop test 
condition in Table 3. ANOVA results indicated dif-
ferences in hop distance according to hop test type, 
F(1,33) = 19.5, p < 0.001. Examining the pooled 
means for hop test type revealed a small effect size 
of d = 0.47. Visual fixation showed no effect across 

Table 1. Participant Demographics.
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the two hop tests, F(1,33) = 1.2 , p = 0.27, with 
trivial effect sizes (d = 0.02 – 0.07). There was no 
interaction between hop test type and visual fixa-
tion, F(1,33) = 1.0, p = 0.31. Effect sizes for hop 
distance according to hop test type and condition are 
reported in Tables 4 and 5, respectively. Estimated 
marginal means for hop distance during the XHOP 
and MHOP according to visual fixation condition are 
displayed in Figure 3.

DISCUSSION
A difference in hop distance was found according to 
hop test type with small-medium effect sizes (d = 
0.42 – 0.50), which was an expected finding since 
individuals typically hop further on the XHOP ver-
sus the MHOP. Perhaps the most important finding 
in the study was no significant differences were 
found in hop distance between visual fixation con-
ditions, with trivial effect sizes (d = 0.02 – 0.07). 
Participants hopped a mean distance of 3.9 cm fur-
ther under visual fixation conditions; however, this 
finding was not statistically meaningful nor did it 
possess clinical merit. No interaction was identified 
between hop test type and visual fixation conditions. 

Although visual observation is more clinically rel-
evant for measuring hop distance, it likely possesses 
greater measurement error compared to more 
advanced methods of measurement. Prior investi-
gations have examined the influence of visual fixa-
tion on postural sway as measured with a magnetic 
tracking system, finding a reduction in postural 
sway (mean of 1-2 cm) with the addition of visual 

Table 2. Within-(ICC3,1) and Between-Session (ICC3,k) Intrarater Reliability of Hop Test 
Scores, Standard Error of Measurement (SEM), and Minimal Detectable Change (MDC).

Table 3. Crossover Triple Hop for Distance (XHOP) 
and Medial Triple Hop (MHOP) for Distance 
Scores (cm).

Table 4. Effect sizes for Crossover Triple Hop (XHOP) 
and Medial Triple Hop (MHOP) for Distance Scores 
(cm) according to the Effect of Hop Test Type.

Table 5. Effect Sizes for Crossover Triple Hop (XHOP) 
and Medial Triple Hop (MHOP) for Distance Scores 
(cm) according to the Effect of Visual Fixation.
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fixation.14 Further, vertical jump height improved by 
roughly 0.5 – 1.1 cm with the addition of an over-
head goal as measured by reflective markers with 
an 8-camera motion-analysis system and software.15 
In addition, the lack of a prior practice session(s) or 
motivational factors may have influenced the con-
sistency of hop performance among participants. 
Measuring hop distance with more precise measure-
ment tools may offer greater insight into the rele-
vance of visual fixation during hop testing. 

Although achieving good-excellent intrarater reli-
ability, the within-session SEM approached 30 cm for 
both the MHOP and XHOP trials when performed 
without visual fixation. When using hop tests to 
guide their clinical reasoning, clinicians often deter-
mine LSI by comparing hop distance between the 
involved and uninvolved limb. Previous cutoffs in 
LSI of ≥ 90% may be inadequately low, as the mean 
LSI across three hop tests was > 95% in those six 
to seven months post-ACLR.28 However, it appears 
there are issues associated with implementation 
in clinical practice. For example, the mean XHOP 
distance in the current study was roughly 380 cm 
which, assuming a desired limb symmetry index of 
95%, would require the individual to hop at least 
361 cm on the involved limb (difference of 19 cm). 
Given that the SEM on the XHOP during both nor-
mal and visual fixation conditions and MHOP dur-
ing the normal condition was between 25-29 cm, 
the within-session SEM may be simply too large to 

make reasoned clinical decisions when using such a 
narrow LSI cutoff score. Conversely, the MHOP per-
formed with visual fixation demonstrated a much 
narrower within-session SEM at 15.8 cm. Although 
there was no difference in hop distance between 
visual fixation conditions, the addition of visual 
fixation to the MHOP appears to reduce within-
session measurement error. It should be noted that 
the between-session SEM during the MHOP ranged 
between 14.1  - 18.5 cm, which was greater than a 
previous report that assessed 18-22 year-old danc-
ers with unilateral hip dysfunction who participated 
in 12-20 hours per week of formal dance training 
(SEM  = 7.51 cm).9 These differences in measure-
ment precision may be partially due to population 
characteristics, as the current study examined a 
heterogeneous group of healthy males and females 
with varying athletic backgrounds.

Reliability coefficients for the XHOP improved 
slightly across all conditions upon re-test, suggesting 
potential learning effects in hop test performance. 
A prior study reported that substantial motor learn-
ing can occur with as little as 24-48 hours separat-
ing hop test sessions, with hop test scores stabilizing 
by a third test in those with ACLR.4 The enhanced 
motor learning of hop tests over consecutive days 
may pose a challenge related to their clinical use, 
as rehabilitation professionals are often limited in 
the frequency and/or number of visits associated 
with patients during the later stages of ACLR reha-
bilitation. In the clinic, individuals with deficits (i.e. 
ACLR) are typically introduced to various single leg 
hopping tasks gradually over time allowing for prac-
tice and motor learning prior to testing, thus poten-
tially making hop distance more consistent between 
trials and improving the SEM. Therapists may wish 
to carefully consider the timing and exposure of 
the use of hop testing for patients recovering from 
ACLR, in order to enhance their reliability and valid-
ity to inform return to play decisions. 

In the current study, important characteristics of 
hop test performance (i.e. landing mechanics) were 
not measured. It has been documented among those 
with ACLR that, despite achieving adequate limb 
symmetry (>90%) in hop distance, clinically rel-
evant movement dysfunctions such as decreased 
peak knee flexion in the injured limb compared to 

Figure 3. Estimated marginal means of the crossover triple 
hop (XHOP) and medial triple hop (MHOP) for distance tests 
between normal and visual fi xation conditions.
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the non-injured limb (mean difference 5.1 – 5.6°) 
have been measured with 2-D video analysis.29 In 
addition, decreased knee flexion moments based 
on 3-D analysis were shown on the operative knee 
regardless of hop distance.30 Future investigations 
may wish to examine how the kinematic and kinetic 
variables are influenced during hop testing with 
the addition of visual fixation, which may help to 
address the issue of measurement precision when 
administering hop tests as well. 

Finally, the XHOP requires a mild change of direc-
tion when alternately hopping from one side of the 
tape to the other, which would naturally seem more 
challenging; however, researchers noticed seem-
ingly greater effort needed for a controlled landing 
during the MHOP. Although the MHOP does not 
require change of direction when compared to the 
XHOP, the path of movement is uniquely performed 
in the medial direction relative to the stance limb. 
The effect size for hop distance according to hop test 
type was slightly greater under visual fixation (d = 
0.50) versus normal conditions (d = 0.42), with the 
mean difference in hop distance increasing between 
XHOP and MHOP during visual fixation (41.3 cm) 
compared to normal conditions (36.1 cm). Visu-
ally fixating on a target may have placed greater 
demands on the vestibulo-ocular reflex (VOR) dur-
ing the MHOP as the participant hopped in a medial 
direction while maintaining gaze stability. VOR dys-
function is commonly evaluated after sports-related 
concussion and has been shown to be a strong pre-
dictor of post-concussion syndrome (odds ratio 
8.89).31 Further, some believe that persistent neu-
romotor deficits after concussion contribute to the 
elevated risk for lower extremity injury.32 Clinical 
assessments of the lower extremity that simultane-
ously challenge the VOR, such as the MHOP, may 
be more resistant to learning effects while simulta-
neously placing greater demands on multiple con-
structs of motor performance. 

LIMITATIONS
The generalizability is limited beyond young adults 
without a recent history of lower extremity injury, 
which may restrict the application of these find-
ings for clinical populations. Participants were not 
blinded to the measuring tape; therefore, motivation 

could have played a role in hop test performance. 
However, this was present equally across all test 
conditions. In addition, using visual observation to 
determine landing location during the hop tests may 
have introduced greater measurement error in the 
study. 

CONCLUSION
The results of the current study indicate that hop 
distance during the XHOP and MHOP was not influ-
enced by visual fixation. Measurement of both the 
XHOP and MHOP was reliable, but the within-ses-
sion SEM was generally suboptimal when consid-
ering certain clinical applications. Measurement 
properties for the MHOP (i.e., within- and between-
session reliability, standard error of measurement, 
and minimal detectable change) improved slightly 
with the addition of visual fixation compared to nor-
mal MHOP procedures. The MHOP with visual fixa-
tion demonstrated the lowest within-session SEM 
compared to all other test conditions. 
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ABSTRACT
Background: Anterior cruciate ligament injury prevention often involves instructing athletes to reduce landing stiff-
ness. Instructions promoting an external focus appear to result in superior motor performance for a wide range of 
tasks; however, the effect of attentional focus on landing stiffness has not been examined.

Hypothesis/Purpose: The purpose of this study was to compare the influence of instructions promoting an internal 
focus vs. those promoting an external focus on landing stiffness. It was hypothesized that both types of instructions 
would reduce landing stiffness vs. landings performed prior to instruction. It was also hypothesized that participants 
would demonstrate a greater reduction in landing stiffness when provided with instructions promoting an external 
focus. 

Study Design: Cross-sectional, quasi-experimental

Methods: Sixteen female athletes (basketball, soccer, volleyball) completed drop landings while force and kinematic 
data were collected. Participants first performed drop landings with their typical technique (baseline). They then 
received instructions promoting an internal focus and an external focus before performing additional drop landings. 
Peak force, time-to-peak force, leg stiffness, and hip, knee, and ankle sagittal plane angles were analyzed.

Results: Both types of instructions resulted in lower landing forces, less leg stiffness, and greater hip and knee flexion 
versus at baseline. However, athletes demonstrated more knee flexion at the time of the peak force (59.4 ± 9.6° vs. 
56.0 ± 9.5°) and less leg stiffness (69.5 ± 17.9 Nkg-1/m vs. 84.0 ± 38.1 Nkg-1/m) when provided with instructions 
promoting an external focus, compared to when they were provided with instructions promoting an internal focus. 

Conclusion: Instructions promoting an external focus appear to result in a greater reduction in landing stiffness. 
Clinicians should consider providing instructions promoting an external focus when training athletes to reduce lower 
extremity stiffness during drop landings. The findings from this study may help to inform clinicians involved in 
movement pattern re-training for female athletes.

Level of Evidence: Level 3b

Keywords: ACL injury, biomechanics, external focus, motor control, movement system
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INTRODUCTION
Anterior cruciate ligament (ACL) injuries are com-
mon in sports such as basketball and soccer1,2 and 
appear to be becoming more frequent over time.3,4 
The majority of ACL injuries occur during landing 
and do not involve direct contact with a teammate 
or opponent.5–8 Female athletes are at particularly 
high risk for non-contact ACL injuries.9 Surgical 
reconstruction of the ACL is recommended for ath-
letes who intend to resume sports participation.10 
Unfortunately, many female athletes do not return-
to-sport following ACL reconstruction11 and those 
who do are at risk for developing premature knee 
osteoarthritis.12 As a result, optimizing ACL injury 
prevention in female athletes is a key objective in 
sports medicine.13

Female athletes who exhibit a ‘stiff’ landing pattern, 
characterized by high landing forces and minimal 
joint flexion, appear to be at high risk for non-con-
tact ACL injury. Prospective studies have found that 
female athletes who go on to sustain a non-contact 
ACL injury demonstrate greater vertical ground 
reaction forces (vGRFs) and less knee flexion during 
landing compared to female athletes who remain 
uninjured.14,15 In addition, musculoskeletal model-
ing has shown that stiffer landings may place greater 
loads on the ACL.16,17 Analysis of video recorded at 
the time of ACL injury also indicates that female 
athletes often exhibit a flat-footed position at ini-
tial ground contact (i.e. minimal ankle plantarflex-
ion) and limited hip and knee flexion at the time of 
injury.7,18,19 Based on this link between a stiff land-
ing pattern and ACL injury risk, training athletes to 
avoid stiff landings is often incorporated as part of 
ACL injury prevention.20 Optimizing landing strate-
gies may be a key to preventing non-contact ACL 
injuries.21

Movement training for ACL injury prevention typi-
cally relies on simple verbal instructions to guide 
an athlete’s technique.13 Verbal instructions can 
promote either an internal or external attentional 
focus.22 With an internal focus (IF) an individual 
directs their attention to an aspect of their move-
ment (e.g. the position/motion of their knees dur-
ing a landing), whereas with an external focus (EF) 
they attend to the effect(s) of their movement (e.g. 
the sound produced when they land). Clinicians 

appear to typically use instructions that promote 
an IF;23,24 however, an EF has been shown to result 
in superior performance for a wide range of move-
ment tasks.22,25 There have been attempts to com-
pare landing mechanics in athletes provided with 
instructions promoting an IF vs. an EF.26–28 Findings 
from these studies appear to indicate that an EF 
may result in a softer landing pattern (e.g. greater 
knee flexion); however, the instructions provided in 
these studies have not been specific to the initial 
landing phase. For instance, Welling et al.28 com-
pared landing mechanics during a drop vertical 
jump task in athletes who had received instructions 
promoting either an IF or an EF. Athletes in their IF 
group received the instruction, ‘extend your knees 
as rapidly as possible after landing on the force 
plate’, while athletes in their EF group received the 
instruction, ‘push yourself as hard as possible off 
the ground after landing on the force plate.’ Both 
of these sets of instructions appear to pertain to 
the subsequent vertical jump (vs. absorbing energy 
during initial landing) and are not consistent with 
the types of instructions that are provided during 
movement training for ACL injury prevention. In 
addition, previous studies comparing the effects 
of varying types of verbal instructions on landing 
mechanics have not included baseline trials where 
athletes utilize their typical technique prior to 
instruction. As a result, it is difficult to determine 
how varying types of verbal instructions (i.e. those 
that promote an IF vs. an EF) influence mechanics 
associated with ACL injury risk. 

The purpose of this study was to compare the 
influence of verbal instructions promoting an IF 
vs. an EF on landing stiffness in female athletes. 
It was hypothesized that both types of instructions 
would reduce landing stiffness vs. baseline land-
ings performed prior to instruction. In addition, it 
was also hypothesized that female athletes would 
demonstrate a greater reduction in landing stiff-
ness when they were provided with instructions 
that promote an EF, compared to when they were 
provided with instructions that promote an IF. 
The findings from this study may have relevance 
to sports medicine professionals involved in ACL 
injury prevention.
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METHODS
Sixteen females between the ages of 18-30 years 
old participated in this cross-sectional study. Par-
ticipants were required to have experience com-
peting in Level I29 sports at the high school and/or 
inter-collegiate level. Level I sports involve frequent 
jumping and landing (e.g. basketball). Participants 
also needed to report a Tegner Activity Scale30 score 
of greater than 4/10, which indicates that they were 
regularly participating in physical activity at the 
time of the study. Individuals were excluded from 
participating if they had a history of significant 
lower extremity injury (e.g. fracture, ligament tear) 
or an injury in the previous 6 months that limited 
their activity. An a priori sample size estimate was 
conducted using an alpha of .05, a beta of .20, and an 
effect size of 0.8 (‘large effect’). This sample size esti-
mate indicated that 15 participants was sufficient to 
ensure adequate power for potential pairwise com-
parisons. A large effect was anticipated based on the 
results of a previous study that compared landing 
mechanics when participants adopted an IF vs. an 
EF.26 G*Power software31 was used for sample size 
estimation (Version 3.1, University of Dusseldorf, 
Dusseldof, DEU). This study was approved by the 
Institutional Review Board at Trine University and 
all participants provided informed consent prior to 
enrollment.

All testing was completed during a single session in 
a motion analysis laboratory. Prior to testing, 14 mm 
retroreflective markers were adhered bilaterally to 
the anterior superior iliac spines, posterior superior 
iliac spines, and greater trochanters, as well as to 
the medial and lateral femoral epicondyles, medial 
and lateral malleoli, and the 1st and 5th metatarsal 
heads of the participants’ dominant limb. For this 
study the limb the participant reported that they 
would use to kick a ball farthest was considered the 
‘dominant’ limb. Clusters of four markers attached 
to a rigid shell were also adhered to the thigh, leg, 
and heel counter of the shoe. A three-second static 
standing calibration trail was recorded with all mark-
ers in place. This trial was used to establish a bio-
mechanical model which included the pelvis and 
the thigh, leg, and foot segments of the dominant 
limb. The marker clusters and the markers on the 
anterior superior and posterior superior iliac spines 

remained in place following the static calibration 
trial and were used to track the motion of the pelvis, 
thigh, leg, and foot during the movement trials. The 
other markers were removed following the static 
calibration trial.

Prior to initiating the drop landing trials, participants 
completed a standardized warm-up which involved 
alternating between bodyweight squats (2 sets x 8 
repetitions) and maximal double-leg vertical jumps 
(2 sets x 5 repetitions). After completing the warm-
up, participants performed seven drop landings 
from a 31 cm high box using their typical technique 
(baseline trials). The foot of their dominant limb 
was required to land on a force plate (OR6-7-2000; 
Advanced Mechanical Technology, Inc., Watertown, 
MA, USA) that recorded three-dimensional ground 
reaction forces at 1000 Hz. Three-dimensional 
marker positions were simultaneously recorded 
during the drop landings at 200 Hz via an 8-camera 
motion capture system (Vicon Motion Systems, Inc., 
Oxford, GBR). 

After completing the baseline trials, participants 
were given verbal instructions intended to reduce 
their landing stiffness. Two different sets of instruc-
tions were provided; one promoted an IF and the 
other promoted an EF. The instructions given for 
the IF condition were, ‘focus on bending your knees 
when you land’, while the instructions given for the 
EF condition were, ‘focus on landing softly’. Both 
of these instructions are commonly used as part of 
movement training to reduce ACL injury risk.32–34 
Participants performed seven drop landings for each 
of the IF and EF conditions. As a result, each partici-
pant performed 21 total drop landings (seven base-
line, seven IF condition, seven EF condition). All 
drop landing trials were performed for a condition 
before moving to the next condition (i.e. participants 
did not alternate between the IF and EF condi-
tions). Having participants alternate between trials 
for the IF and EF conditions was considered; how-
ever, there was concern among investigators that 
it would be difficult for athletes to switch between 
attentional foci. Instructions were given once prior 
to the set of trials for each condition. The order of 
the IF and EF conditions was counterbalanced by 
alternating which condition was performed first as 
participants were enrolled in the study. Participants 
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were allowed time to rest between trials/conditions 
as needed; however, all participants performed the 
drop landings in a fairly continuous manner. Inves-
tigators considered incorporating standard rest peri-
ods; however, they decided this was not necessary 
since all participants were physically active on a reg-
ular basis and a high level of fatigue was not antici-
pated considering the demands of the drop landing 
task and the number of trials performed. The warm-
up and testing were completed in standard footwear 
(Avi-Rival, AVIA; Sequential Brands Group, Inc., 
New York, NY, USA).

The kinematic and kinetic data were both filtered 
using a 4th order, zero lag, recursive Butterworth filter 
with a cutoff frequency of 20 Hz. Right-handed local 
coordinate systems were established to describe the 
position and orientation of the body segments. The 
pelvis segment was established using the markers 
on the anterior superior and posterior superior iliac 
spines. The hip joint center was estimated using a 
regression approach.35,36 The knee joint center was 
estimated by finding the midpoint between the mark-
ers on the medial and lateral femoral epicondyles 
and the ankle joint center was estimated by findings 
the midpoint between the markers on the medial 
and lateral malleoli. The distal end of the foot was 
considered the midpoint between the markers on 
the 1st and 5th metatarsal heads. Hip, knee, and ankle 
joint angles were calculated for each of the landing 
trials using a joint coordinate system approach.37,38 
All data processing was performed using Visual3D 
software (C-Motion, Inc., Germantown, MD, USA). 

The initial two trials for each condition were not ana-
lyzed, as these trials were included to allow partici-
pants to become acclimated to the task/instructions. 
Only data from the final five trials in each condi-
tion were analyzed. The kinetic variables of inter-
est were the peak vGRF and the time from initial 
contact (IC) to the peak vGRF (time-to-peak). Initial 
contact was defined as the point during the landing 
where the vGRF first exceeded 20 N.32,39 Joint kine-
matics from IC to the time of the peak vGRF were 
also examined.34,40 This early landing phase may be 
particularly relevant to ACL injury risk, as previ-
ous studies indicate that ACL injuries likely occur 
shortly after landing (within the initial 50 ms)6,19 and 
peak ACL loading also appears to occur during this 

time frame.41,42 The kinematic variables of interest 
were the sagittal plane ankle, knee, and hip angles 
at IC and at the time of the peak vGRF. Leg stiffness 
was also analyzed by dividing the peak vGRF by the 
vertical excursion of the center of mass of the pelvis 
from initial contact to the time of the peak vGRF 
(initial contact position minus the minimum posi-
tion).43,44 The pelvis center of mass was estimated 
based on the pelvis markers. Higher leg stiffness val-
ues are indicative of a stiffer landing pattern. The 
dependent variables of interest were identified for 
each trial and the five-trial means were calculated 
for each participant. A custom MATLAB script was 
used to identify the dependent variables from the 
time series (The MathWorks, Inc., Natick, MA, USA). 
Repeated-measures ANOVA was used to compare the 
dependent variables across the conditions (baseline, 
IF, EF). A Greenhouse-Geiser correction was used 
when the assumption of sphericity was violated. 
Fisher’s least significant difference post hoc tests 
were conducted in the case of a significant omni-
bus test. An alpha of .05 was used for each statistical 
test. The 95% confidence interval (95% CI) was also 
calculated for the pairwise comparisons. Statistical 
analysis was conducted using SPSS software (Ver-
sion 25; IBM Corp., Armonk, NY, USA).

RESULTS
The participants’ ages, masses, heights, and Tegner 
scores are presented in Table 1.

The repeated measures ANOVAs indicated that 
there were differences among the conditions for the 
peak vGRF (p <.001), time-to-peak vGRF (p =.004), 
leg stiffness (p <.001), hip IC angles (p <.001), 
hip angles at peak vGRF (p <.001), knee IC angles 
(p <.001), and knee angles at peak vGRF (p <.001) 
(Table 2). There were no differences among the con-
ditions for the ankle IC angles (p =.206) or the ankle 
angles at peak vGRF (p =.583) (Table 2).

Table 1. Participant Characteristics.
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Post hoc pairwise comparisons indicated that peak 
vGRFs were lower for the IF (p <.001; 95% CI [-4.73, 
-2.28]) and EF (p <.001; 95% CI [-5.98, -3.06]) condi-
tions vs. baseline; however, there was no difference 
in the peak vGRFs between the IF and EF conditions 
(p =.089 95% CI [-0.17, 2.20]) (Table 2). The time-
to-peak vGRF was longer for the EF condition com-
pared to the baseline (p =.018; 95% CI [1.56, 14.52]) 
and IF conditions (p =.005; 95% CI [3.00, 14.08]); 
however, there was no difference in the time-to-
peak vGRF between the IF and baseline conditions 
(p =.821; 95% CI [-5.10, 4.11]) (Table 2). Participants 
demonstrated less leg stiffness for the IF (p <.001; 
95% CI [-37.71, -15.05]) and EF (p <.001; 95% CI 
[-56.87, -24.92]) conditions vs. baseline, as well as 
less leg stiffness for the EF condition vs. the IF con-
dition (p =.047; 95% CI [-28.83, -0.20]) (Table 2).

Post hoc pairwise comparisons indicated that par-
ticipants demonstrated more hip flexion at IC for 
the IF (p <.001; 95% CI [3.66, 8.17]) and EF (p 
<.001; 95% CI [3.26, 8.17]) conditions vs. baseline; 
however, there was no difference in IC hip flexion 
angles between the IF and EF conditions (p =.786; 
95% CI [-1.36, 1.76]) (Table 2). Participants also dem-
onstrated more hip flexion at peak vGRF for the IF 
(p <.001; 95% CI [5.00, 10.78]) and EF (p <.001; 95% 
CI [5.26, 12.25]) conditions vs. baseline; however, 

there was no difference in hip flexion at peak vGRF 
between the IF and EF conditions (p =.395; 95% CI 
[-2.98, 1.25]) (Table 2). 

Post hoc pairwise comparisons indicated that partici-
pants demonstrated more knee flexion at IC for the 
IF (p <.001; 95% CI [3.08, 7.58]) and EF (p <.001; 
95% CI [3.22, 8.65]) conditions vs. baseline; however, 
there was no difference in IC knee flexion angles 
between the IF and EF conditions (p =.451; 95% CI 
[-2.27, 1.06]) (Table 2). Participants also demonstrated 
more knee flexion at peak vGRF for the IF (p <.001; 
95% CI [3.74, 10.27]) and EF (p <.001; 95% CI [6.30, 
14.50]) conditions vs. baseline, as well as more knee 
flexion at peak vGRF for the EF condition vs. the IF 
condition (p =.008; 95% CI [1.05, 5.74]) (Table 2). 

DISCUSSION
The purpose of this study was to compare the influ-
ence of verbal instructions promoting an IF vs. an 
EF on landing stiffness in female athletes. Both sets 
of instructions resulted in lower vGRFs, greater hip 
and knee flexion, and less leg stiffness during land-
ing (vs. baseline trials performed prior to instruc-
tion). These adaptations are indicative of a softer 
landing pattern and would likely reduce ACL injury 
risk. The findings from this study are consistent 
with those of earlier studies which have found that 

Table 2. Dependent variables of interest for each condition.
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simple verbal instructions can have immediate posi-
tive effects on athletes’ landing mechanics.32,45 In 
addition, participants in this study demonstrated a 
longer time-to-peak vGRF, greater knee flexion, and 
less leg stiffness when provided with instructions 
that promoted an EF, compared to when they were 
provided with instructions that promoted an IF. This 
appears to indicate that providing instructions that 
promote an EF may have a greater effect on land-
ing stiffness vs. those that promote an IF. Clinicians 
should consider providing instructions that promote 
an EF when training athletes to avoid stiff landings.

A primary function of the ACL is to limit anterior 
translation of the tibia relative to the femur.46 Ante-
rior shear forces produced by the quadriceps mus-
culature act to translate the tibia anteriorly, which 
loads/strains the ACL. However, these shear forces 
are minimized as the knee moves beyond relatively 
shallow knee flexion angles (e.g. >30°),47–49 which is 
likely the result of a reduction in the angle between 
the patellar tendon and the tibial shaft.50 In addition, 
the hamstrings musculature becomes more effective 
at assisting the ACL in limiting anterior tibial trans-
lation as the knee flexes.47,49 This is likely caused by 
an increase in the angle between the line of pull of 
the hamstrings and the long axis of the tibia.50 As a 
result, the greater degree of knee flexion at the time 
of the peak vGRF when athletes were provided with 
instructions promoting an EF, vs. when they were 
provided with instructions promoting an IF, may 
help to reduce ACL loading/strain. It appears that 
the shift in timing of the peak vGRF to later during 
the landings for the EF condition allowed partici-
pants to reach safer knee positions by the time the 
vGRF reached its peak.

The advantages of an EF versus an IF with respect to 
motor performance/learning has been explained by 
the constrained action hypothesis.51 The constrained 
action hypothesis proposes that when an individual 
focuses on their movements (i.e. adopts an IF) they 
may interfere with the automatic control processes 
that regulate a movement pattern; whereas when 
they adopt an EF they allow the motor system to 
self-organize, which will often result in a more opti-
mal movement pattern. The results of this study 
appear to fit this premise. The goal of the instruc-
tions for the IF and EF conditions were to reduce 

landing stiffness. Both sets of instructions signifi-
cantly reduced leg stiffness vs. baseline; however, 
the instructions that promoted an EF resulted in a 
greater reduction in stiffness during the landings 
compared to the instructions that promoted an IF. 
This would appear to indicate that participants were 
able to develop a more optimal kinematic solution to 
reduce landing stiffness when they adopted an EF. 

While the findings from this study may make a valu-
able contribution to an important body of literature, 
there are limitations that need to be acknowledged. 
First, it is important to note that this study only exam-
ined the immediate effects of verbal instruction on 
landing mechanics. As a result, it cannot be deter-
mined if there are differences in retention, transfer, 
and/or movement automaticity when athletes are 
given instructions promoting varying attentional 
foci. In addition, this study examined mechanics 
during a double-leg landing task. While athletes are 
often performing a double-leg landing at the time 
of ACL injury6 and a double-leg landing task is com-
monly used for movement training,33,52,53 future 
studies should consider analyzing more demanding 
tasks that are routinely performed by athletes such 
as single-leg landings or lateral cutting. Participants 
were also not asked to report what they were attend-
ing to during or after testing. As a result, it cannot be 
determined if participants followed the instructions 
they were provided. Finally, athletes who had previ-
ously participated in a structured ACL injury pre-
vention program were not excluded from this study, 
which may have limited the effects of instruction 
for some participants. Although not a limitation, it is 
also important to note that the differences observed 
between the EF and the IF conditions were subtle. 
For example, the difference in knee flexion at the 
peak vGRF was less than 4°. It is possible that differ-
ences of this magnitude may not have a meaningful 
influence on ACL injury risk.

While this study was framed around ACL injury 
prevention, the findings may have relevance to pre-
vention of other types of acute and overuse lower 
extremity injuries. It is also possible that the find-
ings of this study may apply to movement training 
for injured athletes who are rehabilitating (e.g. post 
ACL reconstruction). Future studies should con-
tinue to examine how attentional focus influences 
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the effectiveness of movement training for primary 
and secondary injury prevention and rehabilitation.

CONCLUSION
The results of this study indicate that participants 
exhibited lower vGRFs, greater hip and knee flex-
ion, and less leg stiffness during landing after 
receiving instructions intended to reduce their land-
ing stiffness. Participants also demonstrated greater 
knee flexion and less leg stiffness when provided 
with instructions that promoted an EF, compared 
to when they were provided with instructions that 
promoted an IF. These results appear to indicate 
that clinicians should provide instructions that pro-
mote an EF when training female athletes to avoid 
stiff landings.
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ABSTRACT
Background: Hand grip strength is supported as a valid physical capacity measure in older adults. Norma-
tive values for community-dwelling older adult hand grip strength were recently updated. With the major-
ity of community-dwelling older adults identified as sedentary, it is likely that current norms represent a 
group that is relatively inactive. A sub-population of senior athletes who actively engage in exercise and 
competitive sport have consistently demonstrated superior performance on measures of physical capacity 
when compared to the general population. Normative values for hand grip strength have not been estab-
lished for this unique group of aging athletes. 

Purpose: To establish hand grip strength norms for senior athletes and to compare these outcomes to avail-
able normative data in community-dwelling older adults. 

Study Design: Cross-Sectional Study

Methods: Measures of hand grip strength were taken on 2,333 senior athletes registered to compete in the 
National Senior Games between 2011 and 2017. Findings were divided into age and gender categories con-
sistent with community-dwelling norms. Student t tests were used to compare senior athlete means to 
community-dwelling norms. Cohen’s d was calculated to estimate the effect size of each comparison.

Results: Normative values for senior athlete hand grip strength are reported in kilograms by age, gender 
and hand dominance. For each age and gender category tested, senior athletes demonstrate dominant 
hand grip strength that ranges from 8.6-11.1 kg higher for males and 5.5 to 8.9 kg higher for females 
(p values<.0001) than published community-dwelling norms. Non-dominant grip strengths were also sig-
nificantly higher (p values<.0001). Effect sizes were medium to large (Cohen’s ds = 0.44-1.5). 

Conclusion: Senior athletes demonstrate hand grip strength that is significantly higher than their commu-
nity-dwelling peers and more similar to a younger community-dwelling population. The population- specific 
norms presented here will assist health care providers in more accurately assessing this high-functioning 
subset of aging adults.

Levels of Evidence: 2b 

Keywords: aging athlete, master’s athlete, senior olympics, fitness screen, movement system
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INTRODUCTION
Hand grip strength is a measure of physical capacity 
frequently used in the screening or examination of 
older adults. This simple measure has been shown 
to associate significantly with both upper and lower 
body strength.1 Strength, as measured by hand grip, 
has been shown to decline more rapidly after age 
452 and can be used in the diagnosis of sarcopenia3 
as well as the prediction of a multitude of health 
conditions. Hand grip strength is a useful indica-
tor of potential declines in physical mobility,4 cog-
nitive status,5 health-related quality of life,6 general 
physical function7 and mortality risk.8-10 This mea-
sure has been touted as a more accurate predictor of 
mortality than measures of systolic blood pressure8 
and has been supported as a valuable “vital sign”11 of 
health in aging adults. With the broad array of seri-
ous health implications associated with this mea-
sure, it becomes critical that scores are interpreted 
accurately and with attention to relevant normative 
populations. 

Normative values were published recently for the 
community-dwelling adult population12 and include 
grip strength norms for several age groups older 
than 50. These norms have appropriately updated 
the literature which had been lacking in this area. 
However, with significant evidence that the general 
population of older adults is inactive,13 these norma-
tive values likely reflect a population that is largely 
sedentary and not engaged in regular or purposeful 
physical exercise. Unfortunately, a 2019 report by 
the Physical Activity Council revealed that the age 
group demonstrating the “largest gain in inactivity” 
was for those aged 65 and older.14 

There is, however, a subset of the aging population 
who engages in regular exercise and intense sport 
competition on a regular basis. In 201715 more than 
10,000 athletes aged 50 and over participated in the 
National Senior Games, a biennial event which has 
taken place regularly since 1987. This population is 
atypical, with self-reported volumes of cardiovascular 
exercise averaging four hours each week and strength 
training averaging one hour each week.16 Non-exer-
cising older adults have been found to remain sed-
entary for more than 60% of each day.13 Past reports 
of senior athlete gait speed,17 leg strength,16 and bal-
ance measures18 have consistently demonstrated 

the tendency for these older adults to perform well-
beyond expected community-dwelling norms. When 
assessing the health of these athletes it is necessary 
to have norms that accurately reflect their physi-
cal capacity and potential range of abilities. A clini-
cian who compares a competitive senior athlete to 
community-dwelling norms may encounter a ceiling 
effect and inadvertently overestimate their patient’s 
results. This highly active population is likely engaged 
in more challenging daily activities which pose differ-
ent health risks. Analyses of conditions under which 
healthy and active older adults fall, depicts falls that 
are more likely to occur with outdoor activity of a 
vigorous nature and come with an increased risk for 
serious injury.19 These findings support the need for 
population-specific norms useful in the screening of 
this unique cohort in order to more accurately assess 
risks to their health.19 The purpose of this study was 
to establish normative values for hand grip strength 
in competitive senior athletes, stratified by age and 
gender, and to compare these outcomes to current 
community-dwelling norms. It is hypothesized that 
these normative results will exceed those published 
for the community-dwelling population.

METHODS 
For this cross-sectional study, senior athletes who 
were registered to compete in the National Senior 
Games between 2011 and 2017 were recruited within 
the athlete village of the games. Each participant 
signed a written informed consent approved by 
the Institutional Review Board of the University of 
South Dakota prior to data collection. In order to par-
ticipate, the senior athlete had to be (1) registered 
to compete in a National Senior Games event at the 
time of testing, and (2) at least 50 years of age during 
the year of competition. No other inclusion or exclu-
sion criteria were applied. In order to register for 
the National Senior Games, all athletes participated 
in state games events and successfully qualified via 
place or time standards. The National Senior Games 
does not require any pre-participation screening, 
nor do they collect any health metrics on partici-
pating athletes. Sports represented by the athletes 
tested can be found in Table 1.

Participants included 2,333 senior athletes. Average 
age was 68.07 (SD 9.25) with a range of 50-100 years. 
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Men accounted for 40.6% of the participants (N=948), 
while women accounted for 59.4% (N=1,385). Par-
ticipants were queried to determine their current 
age, gender, exercise habits and competitive sport. 
Their hand grip strength was tested in a seated posi-
tion with a Jamar hydraulic hand grip dynamometer 
(Performance Health Supply, Inc., Cedarburg, WI). 
The Jamar dynamometer has been shown to have 
high inter-rater (r=0.98)20 and test-retest (r>0.80)21 
reliability and has been referred to as the gold stan-
dard for assessment of hand grip strength.22 The hand 
grip setting was standardized to the second position 
on the device to allow for replication of the protocol 
used by the normative population.12 Participant posi-
tion was also identical12 thus, participants kept their 
arm at their side with the elbow bent to 90 degrees, as 
shown in  Figure 1. Grip testing was performed in an 
alternating fashion between the right and left sides 
for a total of three trials on each side. Participants 
were asked to squeeze maximally for 3-5 seconds 
and their results were recorded in kilograms (kg). 
The higher average of the two sides was assigned 
dominance. To stay as consistent as possible with the 
comparative normative group and to facilitate future 
clinical application, the second of the three grip trials 
was used for data analysis. 

STATISTICAL METHODS
All analyses were performed using SAS version 9.4. 
Descriptive statistics were computed for normative 
tables and participant demographics. For compari-
sons, participant results were divided into the same 
age and gender groups as available comparative 
norms,12 with the addition of one group for those over 
85, which was not represented in the comparative 

study. Age groups were: 50-54, 55-59, 60-64, 65-69, 
70-74, 75-79, 80-85 and 86+. 

Student’s t tests were used to compare mean hand 
grip in kg between the senior athlete mean and the 
community-dwelling published mean for men and 
women within each age group, with comparisons 
made for both dominant and non-dominant sides. 
Alpha was set at <0.05. Cohen’s d was calculated for 
effect size of all comparisons.

To support the use of the second grip trial for com-
parison purposes, an ANOVA was applied to the 
change scores between each of the three trials 
to determine any meaningful clinical difference 
between the trials. The suggested minimal clini-
cally important difference for hand grip strength 
(5.0 to 6.5 kg)23 was utilized for comparison. The dif-
ferences between the three successive grips ranged 
from 0.12 kg to 0.61 kg, and thus supported the use 
of the second grip for purposes of comparison.

Table 1. National Senior Games Events.

Figure 1. Hand grip strength testing. Participants were 
seated with their arm by their side and elbow bent to 90 
degrees. The hydraulic hand grip dynamometer was set at 
position 2 for all subjects.
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RESULTS
Senior athletes reported 4.64 (SD 1.76) days of pur-
poseful exercise each week with an average of 335 
(SD=261) minutes per week of cardiovascular exer-
cise and 66 (SD=127) minutes per week of strength 
training. 

Table 2 displays the results of each age group by gen-
der for dominant hand grip strength in kg and Table 
3 displays non-dominant side results. In each age 
group, by each gender and for both dominant and 
non-dominant sides, senior athletes demonstrated 

significantly higher hand grip strength than pub-
lished community-dwelling norms (ps<.0001). 
The effect size for these relationships ranged from 
medium to large with Cohen’s ds ranging from .44-
1.50. Male senior athlete dominant grip strength was 
8.6-11.1 kg higher than community-dwelling norms 
while female athlete strength was 5.5-8.9 kg higher. 

DISCUSSION 
The higher hand grip strength scores found in this 
population of senior athletes are consistent with 

Table 2. Dominant normative hand grip strength of senior athletes 
with comparisons to community dwelling normative data12 by gender 
and age.
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other findings of significantly elevated physical 
capacity in aging athletes.16-18 The dominant hand 
grip strength of male senior athletes aged 80-85 was 
most closely aligned with the norm for community-
dwelling adults aged 60-64. Similarly, female senior 
athletes aged 80-85 demonstrated a mean closer to 
community-dwelling females aged 55-59. This phe-
nomenon of senior athletes manifesting greater 
physical capacity, or a younger functional age has 
been seen before. Jordre et al.16 found senior athletes 
consistently exceeded general population norms on 
the Five Times Sit to Stand Test with senior athletes 

aged 80-89 scoring better than normative data from 
60-69 year-old community dwellers. Glenn et al.17 
found significantly higher maximal gait speed in 
those who engaged in competitive sport, even when 
compared to older adults who exercised regularly. 
Athletes engaged in the World Masters Games24 
were found to have smaller waist circumferences, 
lower blood pressure and lower cholesterol than 
the general population. Collectively, these find-
ings point to a population that may be at decreased 
risk for adverse health events. In fact, senior ath-
letes have been found to enjoy a lower prevalence 

Table 3. Non-Dominant normative hand grip strength of senior 
athletes with comparisons to community dwelling normative data12 
by gender and age.
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of cardiovascular disease and diabetes25 and a sig-
nificantly lower incidence of falls.18 In light of the 
strong links already established between hand grip 
strength and health, it could be surmised that senior 
athletes enjoy superior physical health and may 
function more similarly to a younger population.

It is important to note that the differences reported 
here are not only statistically significant but are clin-
ically meaningful as well. Richard Bohannon’s23 2019 
systematic review aimed to establish a minimal clin-
ically important difference (MCID) associated with 
hand grip dynamometry. He reported difficulty in 
determining an exact MCID due to limited research 
in the area but suggested an initial range of 5.0-6.5 
kg as meaningful, based on four studies of adults 
with varied diagnoses.23 One study not included in 
Bohannon’s review addressed MCID for hand grip 
dynamometry in a cohort more closely aligned 
with the participants in this study: healthy elderly 
women aged 60-89.26 Those findings designated a 
value of only 2.69 kg as the MCID.26 Thus, it could 
be that even smaller changes in grip strength are 
needed to demonstrate a difference in healthy older 
adults. When these values are compared to the large 
differences seen in this study the unique physical 
capacity of senior athletes is clearly supported. 

Despite the stark differences seen with this popula-
tion, these findings are consistent with others that 
demonstrate a gradual decline in hand grip strength 
with age12,27,28 and findings that men consistently 
maintain higher grip scores than women.12,27 In the 
general population, hand grip strengths of less than 
30 kg for men or less than 20 kg for women are associ-
ated with sarcopenia.3 Community-dwelling norms for 
both men and women fall into this range by the 80-85-
year age group.12 Senior athlete norms never drop into 
this range, even when considering the 86+ age group. 
Health care providers have grown accustomed to the 
typical decline seen in aging adults and many have 
not been exposed to this unique population. Thus, the 
results presented here will inform providers and pre-
pare them for interactions with more active seniors. 

Limitations & Future Research
The method utilized here for assigning hand domi-
nance differed slightly from the comparative popu-
lation.12 Dominance was assigned based on strength 

rather than subjective handedness. However, past 
studies have consistently found greater strength on 
the dominant side12,29,30 and current recommenda-
tions30 suggest utilization of the highest score from 
all trials, regardless of hand. Thus, the assignment of 
dominance becomes less critical than the outcome 
of grip. The grip tables in this study should reflect 
maximal ability in this cohort and clinicians should 
refer to the dominant hand tables when interpreting 
maximum grip potential.

The observational nature of this study may speak to 
a self-selected population of high-functioning, moti-
vated senior athletes as all senior athletes tested 
were volunteers. While the large number of senior 
athletes in this analysis should provide more con-
fidence in these findings, the potential effects of 
self-selection bias cannot be ignored. Additionally, 
self-report exercise volumes may be inflated and 
could not be verified.

Consequently, more research needs to be performed 
with regard to the effects of training volume, train-
ing type, regular competition, sport choices and the 
effects that these factors have on habits of daily living 
as well as psychological variables and correlations. 
Further, research is needed to relate grip strength 
to other measures of fitness and health in this pop-
ulation to determine if this increased grip strength 
expression is indicative of actual health outcomes or 
if it could mask underlying health conditions. 

CONCLUSIONS
Senior athletes, a population engaged in high vol-
umes of purposeful exercise, demonstrate hand 
grip strength values that are distinctly higher than 
those reported for the community-dwelling popula-
tion with statistically and clinically significant dif-
ferences. Normative values presented in this article 
should be useful when assessing senior athletes or 
older adults engaged in similar volumes of exercise. 
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ABSTRACT
Background: Intrinsic factors including altered joint motion in the upper extremity may lead to altered 
biomechanics in tennis players and could result in symptoms of lateral elbow tendinopathy.

Purpose: To compare upper extremity passive motion and elbow carrying angle between three groups of 
women: recreational tennis players with LET, non-symptomatic recreational tennis players, and a control 
group of non-tennis players.

Study Design: Cross-sectional.

Methods: A convenience sample of 63 women was recruited and placed into one of the three groups: non-
symptomatic tennis players (NSTP), symptomatic tennis players (STP), and a control group. Elbow carry-
ing angle, passive range of motion of the shoulder, elbow, forearm, and wrist were measured during a 
single session.

Results: A significant difference was found between the groups for wrist flexion (p < 0.00), forearm prona-
tion (p = 0.002), elbow flexion (p = 0.020) and extension (p = 0.460), as well as shoulder internal rotation 
(p < 0.00). No significant differences were found in other motions or carrying angle between the three 
groups (p =0.059). Post-hoc comparisons indicated that shoulder internal rotation and wrist flexion was 
less in both STP and NSTP groups compared with the control group. Elbow flexion and forearm pronation 
were greater in STP than the other two groups. 

Conclusion: Impairments including loss of shoulder internal rotation and wrist flexion and greater motion 
at the elbow and forearm were found in the UE of symptomatic tennis players. Evaluation of passive 
motion and muscle length should be performed prior to establishing a rehabilitation plan for symptomatic 
tennis players.

Levels of Evidence: 3

Keywords: lateral epicondylosis, tennis elbow, regional interdependency. 
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tennis strokes19 or may result in changes in the 
muscular requirements necessary to provide UE 
dynamic stability or power, each of which could con-
tribute to the development of LET. 

Laban et al,19 in a retrospective study of 19 partici-
pants with LET, found that each participant had 
decreased passive internal rotation of the shoulder. 
The authors suggested that these participants used 
increased wrist flexion to compensate for the loss of 
the passive arc of motion at the shoulder resulting in 
forceful eccentric contractions on the wrist extensor 
muscles.20 Abbott et al20 found significant differences 
in pre-intervention passive shoulder external rota-
tion range of motion (ROM) between the unaffected 
and affected shoulders of participants with LET. 
After an intervention of mobilization to the elbow 
was applied, no significant difference remained in 
shoulder external rotation ROM.20 These studies 
seem to suggest that it is possible that alterations in 
normal UE joint ROM may result in force overloads 
or stretch-induced trauma to the wrist extensors in 
tennis players. Furthermore, as the aforementioned 
studies suggest, more evidence on joint ROM of the 
elbow, forearm, and wrist in tennis players com-
pared to non-athletes is needed. 

In addition to joint motion, the carrying angle of the 
elbow may be implicated in the development of LET. 
The carrying angle is the angle between the upper 
arm and the supinated forearm when the elbow is 
held in extension.21 Normally, a certain degree of 
valgus is expected between the upper arm and fore-
arm. If the carrying angle of the elbow is atypical, 
abnormal stresses may further impact the soft tis-
sues at the joint. Researchers have discerned that a 
long standing varus deformity of the elbow carrying 
angle has been associated with excessive forces on 
the lateral collateral ligament22 as well as the osteo-
tendinous interface.23 

The high demands on the extensor musculature 
from repeated muscular contractions in extreme 
positions of the UE, abnormal carrying angle at the 
elbow with or without subtle instability, and extrin-
sic factors such as alterations in the biomechanics in 
an individual’s tennis swing causing stretch-induced 
trauma may each contribute to pathophysiology con-
tributing to symptoms of LET. There are no studies 

INTRODUCTION: 
The role of rehabilitation in the conservative man-
agement of lateral elbow tendinopathy (LET) 
remains elusive due to questionable long-term effi-
cacy of improvements in pain, strength, and func-
tion.1,2 A variety of conservative interventions are 
used clinically; however, no one treatment regimen 
has been shown to effectively treat LET. Multimodal 
interventions that include therapeutic exercise and 
joint mobilizations, local to the elbow or region-
ally, have been shown to have promising short- and 
mid-term success in the management of symptoms 
associated with LET.3–6 Evidence related to the effec-
tiveness of other therapeutic interventions, such as 
dry needling,7 taping,8 and other electrotherapeutic 
modalities1 is growing, however, the long-term ben-
efits of these interventions remains unknown.

Conservative management of LET is further con-
founded by high recurrence rates, with a recent 
study reporting a recurrence rate of up to 38% 
within one year of receiving treatment.9 Nilsson and 
colleagues reported that after two-years of being dis-
charged from physical therapy, greater than 50% of 
patients report pain and functional loss secondary to 
a relapse in LET.10 

High recurrence rates of LET and the uncertainty 
of whether conservative management has a posi-
tive effect on long-term outcomes, warrants a closer 
examination of factors contributing to the pathol-
ogy itself. Many factors, both extrinsic and intrinsic, 
have been implicated in the etiology of LET. Extrin-
sic factors include training or technique errors,11 
environmental conditions, and the long-term use of 
equipment that may alter external forces applied to 
the upper extremity (UE).12 Intrinsic factors include 
altered joint osteo- or arthrokinematics as well as 
muscular imbalances or weakness13,14 in the UE, 
that may lead to altered biomechanics and result in 
microtrauma to the involved tissues.15–17 

Tennis players frequently present with alterations in 
joint mobility of the UE due to the extreme ranges 
of motion required in the sport.18 Because muscles 
acting on the upper extremity cross multiple joints, 
their length and tension are affected by joint posi-
tion. Passive range of motion (PROM) alterations 
of the UE may lead to improper form with various 
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asymptomatic groups, including pain local to the lat-
eral epicondyle, replication of pain with palpation, 
pain with Mill’s long extensor stretch maneuver, and 
pain with resisted wrist extension (Figure 1).

Exclusion Criteria

Participants were excluded by phone interview if 
they had undergone previous surgery to the elbow 
or shoulder, had a history of rheumatoid disease 
or neurologic impairment or had recent (less than 
one year) surgery to the upper quarter. They were 
excluded if the participant participated in profes-
sional tennis activities or if they participated in 
sports activities regularly (on a twice weekly basis 
or more) that required extremes of motion of the 
dominant upper extremity including other racket 
sports, pitching, swimming, golf, or weight-training. 
Subjects were excluded if they did not demonstrate 
sufficient fluency in spoken or written English to 
communicate with the research examiner. Those 
participants who qualified after phone interview 
were invited for further examination. Those par-
ticipants whose differential diagnosis tests were 
negative, ruling out possible cervical radiculopathy, 
radial tunnel syndrome, and signs of intra-articular 
elbow dysfunction (including posterior lateral rota-
tory instability, joint crepitus, popping, or mechani-
cal joint block to motion) were invited to participate 
and were subsequently tested for group assignment 
(Figure 2). 

that have examined an association between carry-
ing angle and lateral elbow tendinopathy. A bet-
ter understanding of the intrinsic factors related to 
joint position and motion that may result in abnor-
mal stresses to the elbow would allow clinicians to 
focus treatment interventions toward reducing these 
stresses in individuals with symptomatic LET and 
provide preventative strategies for the at-risk popu-
lation. The objective of the study was to compare UE 
passive motion and elbow carrying angle between 
three groups of women: recreational tennis players 
with LET, asymptomatic recreational tennis players, 
and a control group of non-tennis players.

METHODS 
Design: This was a cross-sectional, descriptive analy-
sis of UE joint PROM and carrying angle of the domi-
nant extremity between three groups of subjects.

Participants: A convenience sample of women was 
recruited from local tennis clubs and neighborhoods. 
Sixty-three participants satisfied the eligibility crite-
ria for inclusion in one of the three groups for a one-
time testing session. A group consisting of female 
recreational tennis players with symptoms of LET 
in the dominant extremity (STP) and two samples 
of active adult females with no elbow pain: one a 
control group and the other a sample of female ten-
nis players without symptoms of LET (NSTP), were 
recruited. An a priori power analysis indicated that 
at an alpha level of 0.05, and a conventional large 
effect size of 0.40 for a power of 0.80, a minimum 
sample of 21 per group was required.24 This study was 
approved by the Institutional Review Board of Mer-
cer University (H1906153_01) and written informed 
consent was obtained from all participants.

Inclusion Criteria
Females between 18-65 years of age were eligible 
to participate. Tennis players were required to be 
actively involved in recreational tennis play at least 
twice a week for 10 weeks immediately preceding 
data collection. 

To qualify for inclusion in the symptomatic LET 
group of recreational tennis players, three out of 
four diagnostic criteria25,26 must have been met for 
inclusion. All diagnostic criteria were required to be 
negative for a participant to be included in one of the Figure 1. Diagnostic Criteria.
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three groups using one-way analysis of variance 
(ANOVA). Post hoc analysis was conducted using the 
Bonferroni multiple comparison procedure using 
SPSS. The significance level was set at p <.05 level.

Results 

PARTICIPANTS
Sixty-seven participants underwent physical exami-
nation, but four were excluded from the study with 
suspected cervical spine pathology or for otherwise 
not meeting diagnostic criteria. Sixty-three partici-
pants, with a mean age of 44.9 (+ 8.1) years satis-
fied the eligibility criteria for inclusion in one of 
the three groups. Descriptive characteristics for 
the groups are presented in Table 1. Comparison of 
means using an ANOVA revealed no significant dif-
ferences between the STP, the NSTP and the con-
trol groups for the variables of age (p =.33) or body 
mass index (BMI) (p =.72). Comparison of means 
using independent t-tests revealed no significant dif-
ferences between the STP and the NSTP groups in 

Procedure
A questionnaire was administered to all participants 
to collect data on demographics, activity levels, and 
tennis specific information, if applicable. Dependent 
variables including elbow carrying angle and PROM 
(shoulder, elbow, forearm and wrist) of the domi-
nant UE were collected by the same examiner dur-
ing a single session for each participant. The PROM 
and stabilization procedures followed guidelines as 
outlined by the American Society of Hand Thera-
pists in a seated position for the wrist and in supine 
for the elbow.21 Intra-rater reliability of UE passive 
motion measurement using a goniometer has been 
previously established.27–30 Intraclass correlation 
coefficients (ICC) range from 0.86 to 0.99, 27–30 except 
for forearm pronation (ICC=0.79)27 and wrist exten-
sion (ICC= 0.66 to 0.94).28 The carrying angle of the 
elbow was measured in standing with the elbow in 
zero degrees of extension and the forearm in supina-
tion (Figure 3). A single examiner recorded the rest-
ing measurement with no application of pressure. 
Prior to each PROM measurement, the participant 
was passively moved by the investigator for one rep-
etition to the point of a firm end-feel to demonstrate 
the action. 

DATA ANALYSIS

Statistical Procedures

Statistical analysis included measures of central 
tendency and variability for the descriptive data. 
Dependent variables were compared between the 

Figure 2. Differential diagnosis tests.

Figure 3. Measurement of elbow carrying angle. 
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significantly greater in the control group compared 
with both groups of tennis players. (Table 3). 

The total arc of passive motion was calculated for 
shoulder internal/external rotation, forearm rota-
tion, wrist ulnar and radial deviation, as well as for 
elbow and wrist flexion and extension. No signifi-
cant differences were found among the three groups 
in total passive motion for wrist ulnar/radial devia-
tion. However, significant differences among the 
three groups in the total arc of motion were detected 
in all other joints (p ≤ .015) (Table 4). Pair-wise com-
parisons using the Bonferroni test for total arc of 
passive motion indicated that there were differences 
between groups that were not evident with isolated 
measurements (Table 5). Specifically, sagittal plane 
arc of motion comparisons at the wrist indicated dif-
ferences with the STP group being less than control, 
albeit greater than NSTP group. With regard to fore-
arm rotation, the STP group had greater total ROM 
than both the NSTP and control groups. The total arc 
of elbow ROM in the sagittal plane was greater in the 
STP when compared to NSTP. Differences were also 
present for shoulder rotation with the control group 
having a trend for greater ROM than the NSTP and 
STP groups. 

DISCUSSION:
This study compared UE passive motion and elbow 
carrying angle between STP, NSTP, and a control 
group of non-tennis players. An important finding 
from this study was that passive forearm pronation 

years of tennis play (p =.23), days played per week 
(p =.83) or hours of daily tennis play (p =.49). 

No participant was currently receiving treatment 
for a neck condition or experiencing neck pain at 
the time of data collection. Those participants in the 
NSTP and control groups who reported elbow pain 
in the past 90 days indicated on the diagram within 
the questionnaire that the pain was not located at 
the lateral epicondylar region. Participants in the 
STP group reported duration of symptoms for a 
mean duration of 26.4 weeks (+ 16). 

Passive Range of Motion
A significant difference was found between the 
groups for wrist flexion (p<0.00), forearm prona-
tion (p=0.002), elbow flexion (p=0.020) and exten-
sion (p=.0460), as well as shoulder internal rotation 
(p<0.00). (Table 2). No significant differences were 
found among the three groups for carrying angle 
(p=0.246) or PROM of wrist extension (p=0.972), 
radial (p=0.201) and ulnar deviation (p=0.256), 
forearm supination (p=0.059), shoulder flexion 
(p=0.835), abduction (p=.0625), and external rota-
tion (p=0.333). 

Post-hoc comparisons using the Bonferroni correc-
tion indicated that passive forearm pronation was 
significantly greater in the STP when compared with 
the NSTP and control groups. Passive elbow flex-
ion was significantly greater in the STP and control 
groups when compared to the NSTP group. Passive 
wrist flexion and shoulder internal rotation were 

Table 1. Participant Characteristics Values are mean ± SD (range) unless otherwise 
indicated.
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When the elbow is in full extension with forearm 
pronation, as in the follow through of a tennis 
serve, the extensor carpi radialis brevis (ECRB) 
muscle fibers are in a stretched position which may 
make them more vulnerable to irritation compared 
to when the elbow and forearm are in midposi-
tion.31 The shearing forces on the undersurface of 
the ECRB may be made worse when the forearm 
is pronated due to the head of the radius rotating 
anteriorly against the undersurface of the ECRB.32 
This effect has been established in a study by 
Bunata et al33 who assessed the elbows of 60 cadav-
ers (85 examinations on 30 males and 30 females 
with mean age of 73 years) and found that with 
the elbow extended, the ECRB undersurface made 
contact with the lateral edge of the capitellum. The 
authors of the aforementioned study also noted that 
the extensor carpi radialis longus (ECRL) may act 
to compress the ECRB against the underlying bone 
due to its more superficial position related to the 
ECRB.33 Interestingly tennis players have consider-
able forearm muscle hypertrophy compared to con-
trols potentially enhancing compression along the 
underlying skeletal structures.34 

Several authors advocate stretching of the fore-
arm musculature in the treatment of LET with 
the elbow extended, forearm pronated and wrist 
flexed.30,35–39 However, because hypermobility of 
joints of the upper or lower extremities in other 
athletes has been associated with increased injury 
rates,32,40–45 one should be cautious of over-stretch-
ing flexible musculature and joints (Figures 4 and 
5). This is especially true for women and children 
since general hypermobility is more common in 
these individuals.43,46 Of further consideration and 
caution is the possibility that the ECRB may have 
irritation occurring on its underside from contact 
with radial head and/ or capitellum, and stretch-
ing the structures would essentially replicate the 
mechanism of injury. Overstretching the elbow 
into hyperextension and the forearm into exces-
sive pronation should be avoided in tennis players 
with symptoms of LET who demonstrate adequate 
flexibility at the elbow and forearm, and which is 
supported by Kwak and colleagues who found that 
subtle instability is present in elbows with lateral 
epicondylalgia.47 

was significantly greater in the affected arm of the 
STP group when compared with the forearms of the 
NSTP and control groups. The total arc of forearm 
pronation and supination motion was also greater 
than the other two groups. Total arc of elbow flex-
ion and extension was significantly greater in the 
STP group as well, suggesting a pattern of excessive 
elbow and forearm passive motion among STP. 

Table 2. Passive range of motion and elbow carrying 
angle results (all are reported in degrees).



The International Journal of Sports Physical Therapy | Volume 15, Number 4 | August 2020 | Page 532

to diminished mechanoreceptor functioning in the 
periarticular tissues including ligaments, joint cap-
sule, tendon, and muscle around the joint. Although 
there are no known studies that directly document 
the effect of ligamentous hyperlaxity on joint pro-
prioception at the elbow, the effect of ligamentous 
laxity on the knee and ankle proprioception are well 
documented.50–52 It is possible that hyperlaxity may 
be related to the altered motor responses, such as 
decreased fine motor control,53 abnormal EMG find-
ings,54,55 and changes in force production56 seen in 
patients with LET.

The results of the current study also indicate that 
both the symptomatic and asymptomatic tennis 
player groups had limitations in passive shoulder 
internal rotation and in passive wrist flexion com-
pared with the control group. Because the limita-
tions in wrist flexion and shoulder internal rotation 
motion are equally present in the symptomatic and 
NSTP groups, one would question whether these 
deficits in PROM are directly related to symptoms at 
the elbow. However, the results of this study cannot 
discern a cause or effect. Several authors who have 
studied tennis players have reported similar results 
in the shoulder with significantly lower internal 
rotation ROM in the dominant arm when compared 
to the non-dominant arm.57–60 This adaptation is 
considered to be a factor that may increase the risk 
of UE injury in overhead athletes.60,61 Kibler et al62 
have documented that the losses in internal rota-
tion are progressive over time in competitive ten-
nis players. These adaptations may be too readily 
accepted by the athlete as merely part of the sport 
and may not appear to adversely affect functional 
activity.59 However, many authors assert that these 

Ligamentous hyperlaxity and over-lengthened mus-
cles in the forearm may lead to osteophyte forma-
tion and valgus extension overload.48,49 Ligamentous 
hyperlaxity may also lead to deficits in propriocep-
tive feedback within the sensorimotor system due 

Table 3. Pair-wise comparisons for PROM using 
Bonferroni test Mean Difference (all are reported in 
degrees).

Table 4. Total arc of passive range of motion (all are 
reported in degrees).

Table 5. Pair-wise comparisons for total arc of PROM using 
Bonferroni test. Mean Difference (all are reported in degrees).
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LIMITATIONS
This study was cross-sectional; therefore, greater 
motion at the elbow and forearm cannot be assumed 
to be a risk factor for developing LET. Additionally, 
no variables related to sensorimotor function were 
measured. This study included a small sample of 
female participants who, except the control group, 
played recreational tennis; therefore, the results 
cannot be generalized to males or other levels of 
tennis players. Future research is needed examining 

changes may be indicative of overuse and injury of 
the musculature and/or shoulder capsule and may 
predispose the athlete to otherz injuries.20,57,58,60,62–64 

Laban and colleagues19 propose a technique error 
that results in compensatory muscle action by the 
wrist extensors when attempting to compensate for 
an “elbow leading” backhand. The wrist extensors 
are overused in a lengthened position in attempts to 
drive the ball by “snapping” the wrist into extension 
for power during the backhand drive.19 This may 
lead to excessive stress on the extensor expansion at 
its attachment to the lateral epicondyle during the 
backhand stroke and may result in connective tis-
sue changes that might effectively shorten the wrist 
extensors thus limiting wrist flexion. This hypothesis 
is supported by Morris et al65 who found high activity 
in the wrist extensors in each of the tennis swings as 
demonstrated with analysis via electromyography. 

The current evidence of increased passive motion 
of the forearm and elbow coupled with the loss of 
glenohumeral internal rotation range of motion and 
wrist flexion should be considered when establish-
ing a treatment plan for symptomatic tennis players 
and when establishing a preventative exercise regi-
men for non-symptomatic tennis players. Muscle 
length and joint motion impairments identified in 
the evaluation should be addressed with stretch-
ing in attempts to restore normal arm function and 
minimize risk of injury.58,60,62 For example, because 
forearm pronation is a component motion of upper 
limb internal rotation, excessive forearm pronation 
during the tennis swing may be a compensatory pat-
tern for loss of shoulder motion.66 Therefore, the loss 
of shoulder internal rotation should be considered in 
the therapeutic management of LET by addressing 
soft tissue restrictions. The posterior capsule and 
shoulder external rotator trigger points have been 
specifically implicated in the loss of glenohumeral 
internal rotation range of motion.67,68 It is prudent to 
also consider that PROM limitations in tennis play-
ers may be normal adaptations serving to protect the 
player from injury or that may serve to improve per-
formance.60 Nevertheless, the results from this study 
suggest that a full evaluation of PROM and muscle 
length is needed to establish an appropriate treat-
ment program for tennis players.

Figure 4. Excessive Elbow Extension.

Figure 5. Excessive Forearm Pronation.
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of the shoulder: a possible progenitor of tennis 
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potential alterations in range of motion, joint mobil-
ity, and sensorimotor functioning, including joint 
proprioception, of the upper extremity in other pop-
ulations with LET. 

CONCLUSION
The results of this study demonstrate that differ-
ences in UE joint motion exist in tennis players 
with lateral elbow tendinopathy compared with 
non-tennis players and non-symptomatic tennis 
players. Impairments including loss of shoulder 
internal rotation and wrist flexion coupled with 
greater motion at the elbow and forearm may con-
tribute to abnormal stresses in the UE symptomatic 
tennis players. The results implicate the need for 
clinicians to focus treatment interventions toward 
motion impairments at the shoulder in individuals 
with symptomatic lateral elbow tendinopathy while 
considering other more flexible joints at the forearm 
and elbow. Evaluation of passive motion and muscle 
length should be performed prior to establishing a 
rehabilitation plan for symptomatic tennis players.
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ABSTRACT
Background: The low back is the most common injury location in pole vaulters, and low back pain (LBP) can easily 
become chronic. Therefore, knowing the physical characteristics of athletes experiencing repeated LBP may be ben-
eficial for recovery and injury prevention.

Purpose: The purpose of this study was to describe and analyze the physical characteristics of pole vaulters with 
chronic LBP.

Study Design: A cross-sectional study

Methods: Twenty male pole vaulters participated in this study. A questionnaire was used to garner descriptive and 
personal data, including personal best performance in the pole vault. Additionally, the following physical character-
istics were measured: 1) isokinetic muscle strength of hip and knee flexors and extensors, 2) active/passive range of 
motion and muscle flexibility in multiple joints and regions, 3) performance on the Functional Movement ScreenTM 
(FMSTM) and 4) spinal column alignment. Subjects were categorized using the questionnaire and divided into two 
groups, one with and one without chronic LBP.

Results: The personal best performance and angle on the active straight leg raise test (SLR) were significantly lower 
and smaller, respectively, in the chronic LBP group than in the non-chronic LBP group. Additionally, the difference 
between the passive SLR angle and active SLR angle (ΔSLR) was significantly larger in the chronic LBP group than in 
the non-chronic LBP group. Those with chronic LBP had were more likely to have a FMSTM composite score ≤14.

Conclusion: The active SLR angle and ΔSLR were significantly smaller and larger, respectively, in the chronic LBP 
group than in the non-chronic LBP group. This may be because of the poor stability of trunk or incompetence of the 
kinetic chain required for raising the lower limbs. The chronic LBP group had a significantly higher probability of 
having an FMSTM composite score of ≤14. it may be important to examine the active straight leg raise (vs. passive 
only), and fundamental movements as screened by the FMS TM in pole vaulters.

Level of Evidence: 2b.

Keywords: chronic low back pain, functional movement screen, physical factors, pole vault
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this study hypothesized that in the presence of lim-
ited ROM of the shoulder and hip joints, the lumbar 
spine causes a compensatory motion during takeoff, 
resulting in LBP. In addition, it is speculated that 
pole vaulters are likely to have chronic pain because 
the frequency of vaulting induces LBP.

Physical factors that can be measured in the sagit-
tal plane have been inferred to be associated with 
the development of LBP. The authors of the cur-
rent study postulated that the lumbar spine may 
perform certain compensatory movements such as 
hyperextension, in the presence of limited shoulder 
flexion and hip extension during the takeoff, and 
spinal flexion if there is lack of hip flexion strength 
or ROM during the maximum pole bending phase 
(Figure 1). In addition, the authors believe that the 
center of gravity is displaced forward from the body 
by approaching while carrying the pole in the run-
up phase, and the resultant forward rotating force 
exerted on the spine may be an additional cause 
of lumbar stress. Consequently, it is necessary to 
examine spinal column alignment and flexibility of 
the lower back, which are reported to be risk factors 
for LBP in athletes.9-11

However, because all basic data on physical factors 
(such as body mas, muscle flexibility) have not been 
reported in pole vaulters, the importance of physi-
cal factors related to LBP remains unclear. Stanton 

INTRODUCTION
Pole vaulters jump to great heights and have heavy 
loads applied to their bodies during this movement. 
Although many characteristic injuries are expected 
to occur, there are only a few epidemiological stud-
ies on this topic.1-5 Rebella5 reported that the lower 
back was the most common injury location in col-
legiate pole vaulters. He discussed that pole vault-
ers may be particularly susceptible to this injury 
because the plant/takeoff phases place the spine in 
forced hyperextension as the athlete drives forward 
off the ground. Additionally, Gainor et al6 analyzed 
the biomechanics of the spine in pole vaulters in 
relation to spondylolysis, and they reported that a 
maximum angular acceleration of 150 radians/s2 
occurs in spine during takeoff. Previous authors5,6 
have reported that the occurrence of low back pain 
(LBP) in pole vaulters is related to spine hyperexten-
sion during the takeoff phase.

In pole vault, the shoulder joint flexes and hip joint 
extends at takeoff. Previous authors have reported 
that the range of motion (ROM) of both joints is 
related to LBP. Narita et al7 reported that shoulder 
flexibility was recognized as a factor related to LBP 
in male elite junior divers and discussed the role of 
limited shoulder flexibility in causing lumbar hyper-
extension. In addition, Kitamura et al8 reported that 
the LBP group had less hip extension ROM than the 
control group (without LBP) in swimmers. Therefore, 

Figure 1. Pole vault model. Run-up phase, Pole plant (PP) phase, Takeoff (TO) phase,Maximum pole bending (MPB) phase, peak 
height of center of gravity (HP). 
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the body was described in terms of the takeoff-leg 
as takeoff leg side and lead leg side. In addition, \ 
subjects self-reported their height and personal best 
record of pole vault on the questionnaire.

Hip and knee: fl exion and extension isokinetic 
strength13,14

Isokinetic strength tests were performed using an 
isokinetic dynamometer (Biodex System 3; Biodex, 
Shirley, NY, USA). The participants performed each 
of the tests (hip and knee flexion/extension) for 
three repetitions at the same angular velocity (60 
deg/s). Subjects performed hip and knee strength 
tests on different days to exclude the effect of 
fatigue. Body weight was measured using a body 
component analyzer (Inbody470, InBody Japan, 
Japan), the peak torque was normalized to body 
weight (%).

In the hip test, the participant lay supine on the 
dynamometer, grasped the bars on the side of the 
dynamometer, and his body was stabilized with 
straps on the chest, pelvis, and thigh of the untested 
leg. To prevent pelvic movement, the participant 
maximally flexed his neck and contracted his trunk 
muscles. The knee angle was kept at 90 degrees 
throughout the measurement. The hip test was con-
ducted between 0 degrees (full extension) and 115 
degrees of flexion. In the knee test, the participant 
was seated on the dynamometer, and his body was 
stabilized with straps on the chest, pelvis, and thigh 
of the untested leg. The knee test was conducted 
between 0 degrees (full extension) and 90 degrees 
of flexion.

Active/passive ROM, muscle fl exibility, and 
spinal column alignment
Active/passive ROM and muscle flexibility were 
measured with the participants lying down on a 
bed. All measurements were recorded using a cam-
era  (EX-F1, CASIO, Tokyo, Japan) and were ana-
lyzed using image analysis software (NIH ImageJ 
ver.14.4). This study subtracted active ROM from 
passive ROM and indicated it as Δ to show the abil-
ity to active control the motion, excluding limits of 
individual’s muscles and joints.

The following measurements were performed as 
shown in Figure 2: 

et al12 reported that the recurrence of LBP in general 
populations was found to be 33% by primary care 
clinicians within one year using “pain at follow-up” 
definition. LBP has a high risk of recurrence, and 
improvement of chronic LBP may be effective in 
the prevention of recurrence. Recurrence of LBP in 
pole vaulters appears to be high, therefore, it may be 
helpful to identify the characteristics of these ath-
letes with chronic LBP and propose remedial mea-
sures for managing LBP.

The purpose of this study was to describe and ana-
lyze the physical characteristics of pole vaulters with 
chronic LBP. The second purpose of this study was 
to clarify the relationship between FMSTM perfor-
mance with and without chronic LBP. The authors 
hypothesized that chronic LBP is related to limited 
ROM of hip extension and shoulder flexion.

 METHODS

Population
This was a cross-sectional study involving 20 male 
collegiate pole vaulters (mean ± SD; age, 19.8 ± 1.3 
years; height, 173.7 ± 7.7 cm; body mass, 67.9 ± 6.4 
kg). Pole vaulters with any pain at the time of mea-
surement and with pain or anxiety that they could 
not participate in practice were excluded from this 
study. All participants provided written informed 
consent, and approval for the study was obtained 
from the Chukyo University Human Research Eth-
ics Committee (No. 2016-050). 

Assessments and measures
Questionnaire

Participants were divided into two groups (chronic 
LBP and non-chronic LBP) on the basis of the 
answers to a questionnaire provided to them. 
(Appendix A) Participants who answered “Yes” to the 
question, “Do you often feel LBP?” were assigned to 
the chronic LBP group. This study obtained informa-
tion about the history of injury for each athlete. His-
tory of injury was defined as an event that “caused 
the athlete to cease participation that day or miss 
a subsequent practice/competition”. The takeoff-leg 
was also investigated using the same questionnaire 
and was defined as the leg used during vaulting. The 
opposite leg was termed the lead leg. The side of 
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7. Active/passive hip extension: The angle was 
measured in the same method as hip flexion.

Spinal column alignment was measured in various 
postures (erect position, extended positin, and flexed 
position of crawling on hands and knees) using the 
Spinal MouseTM system.15 The device is moved along 
the midline of the spine starting at the spinous pro-
cess of C7 and finishing at S3. These landmarks are 
initially determined by palpation and marked on 
the skin surface with a cosmetic pencil. Two roll-
ing wheels follow the contour of the spine and are 
interfaced to a personal computer. This information 
is then used to calculate the relative positions of the 
sacrum and vertebral bodies of the underlying bony 
spinal column using an intelligent, recursive algo-
rithm. The Spinal MouseTM has demonstrated rela-
tively high accuracy in testing the sagittal plane of 
spinal morphology and function, making it a reliable 
and valid measuring instrument.16-18

Functional Movement ScreenTM 19

The Functional Movement ScreenTM (FMSTM) is an 
objective screening tool consisting of seven move-
ment tests (deep squat, hurdle step, in-line lunge, 
shoulder mobility reaching, active straight leg raise, 
trunk stability push up, and rotary stability) and 
three clearing tests (impingement, press-up, and 
posterior rocking). Test scores range from 0 to 3 for 
each test, with the highest total composite score 

1. Passive shoulder flexion: The angle between 
a line connecting the two landmarks on the 
humerus and a line parallel to the trunk.

2. Passive ankle dorsiflexion: The angle between 
a line perpendicular to the line connecting 
the fibular head and the lateral malleolus and 
a line connecting the fifth metatarsal head 
and styloid process.

3. Passive knee extension: The angle obtained 
by subtracting 90º from the angle between 
a line connecting the greater trochanter and 
the lateral epicondyle of femur and a line 
connecting the fibular head and the lateral 
malleolus.

4. Active/passive knee flexion: The angle 
between a line connecting the greater tro-
chanter and the lateral epicondyle of femur 
and a line connecting the fibular head and 
the lateral malleolus)

5. Active/passive straight leg raise (SLR): The 
angle between a line connecting the greater 
trochanter and the lateral malleolus and a 
line parallel to the trunk.

6. Active/passive hip flexion: The angle between 
a line connecting the greater trochanter and 
the lateral epicondyle of femur and a line par-
allel to the trunk.

Figure 2. Measurement position of active and passive range of motion, muscle tightness in each region. (1: passive shoulde 
fl exion, 2: passive ankle fl exion, 3: passive knee extension, knee fl exion, 5: straight leg raise, 6: hip fl exion, 7: hip extionsion)
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Active SLR angle in the chronic LBP group (57.5 ± 
5.9° [95% CI: 52.5–62.5]) was significantly smaller 
than that in the non-chronic LBP group (71.5 ± 
12.8° [95% CI: 63.4–79.6]) on the takeoff leg side 
(p < .05). ΔSLR (subtracted active SLR from pas-
sive SLR) in the chronic LBP group (takeoff leg side, 
18.1 ± 6.9° [95% CI: 12.3-23.9]; lead leg side, 14.7 ± 
8.5° [95% CI: 7.6–21.8]) was significantly larger than 
that in the non-chronic LBP group (takeoff leg side, 
9.5 ± 6.1° [95% CI: 5.7-13.4]; lead leg side, 6.5 ± 6.4° 
[95% CI: 2.4–10.5]) for both legs (p < .05). No sig-
nificant differences in other factors were observed 
between the groups (p > .05). There were no signifi-
cant differences between the groups in the thoracic 
kyphosis angle or lumbar lordosis angle in three 
positions (p > .05).

The number of 0’s in each group recorded during 
the clearing tests was four in chronic LBP group 
(press-up, 2; posterior rocking, 2) and four in the 
non-chronic LBP group (impingement, 3; posterior 
rocking, 1). Seven participants in the chronic LBP 
group had an FMSTM composite score evaluated with 
clearing tests of ≤14, whereas one of the participants 
had a score ≥15. Six participants in the chronic LBP 
group had an FMSTM composite score evaluated with-
out clearing tests of ≤14, whereas two participants 
had scores ≥15. Two participants in the non-chronic 
LBP group had an FMSTM composite score evaluated 
with and without clearing tests of ≤14, while ten par-
ticipants had scores ≥15. In the group with chronic 
LBP, there were significantly more participants with 
an FMSTM composite score ≤14 (Table 2). Table 3 
presents the number of athletes who scored a 0, 1, 
2, or 3 on each of the FMSTM screening tests. In the 
chronic LBP group, four of eight athletes scored a 
one in the shoulder mobility reaching test and in the 
trunk stability push-up test.

DISCUSSION
The purpose of this study was to describe and ana-
lyze the physical characteristics of pole vaulters 
with chronic LBP. The second purpose of this study 
was to clarify the relationship between FMSTM per-
formance with and without chronic LBP. Unlike this 
study’s hypothesis, there were no significant differ-
ences in ROM of shoulder flexion and hip extension 
between the groups. This study found that compared 

being 21. If pain occurs during movement and clear-
ing test, the score of the relevant test is considered 
to be 0. Of note, because this study included athletes 
with chronic LBP, lower scores could be expected. 
Therefore, comparison was between the composite 
score evaluated with and without including the 0 
scores on individual tests. All pole vaulters did not 
have any pain during the seven screening tests, but 
some did on the clearing test of FMSTM.

Statistical analysis
SPSS version 23 (IBM Corp., Armonk, NY, USA) was 
used for data analysis. The normality of all data was 
analyzed using the Shapiro–Wilk test. Differences 
in normally distributed data between the chronic 
and non-chronic LBP groups were analyzed using 
an unpaired t-test, and differences in non-normally 
distributed data were analyzed using the Mann–
Whitney U test. Results are expressed as mean ± 
standard deviation (95% confidence interval). The 
chi square test was used for data analysis of FMSTM. 
Contingency tables (2 × 2) were created to relate 
findings from the FMSTM as a diagnostic test for the 
development of injury and chronic LBP. The sub-
jects were divided into composite scores at or above 
14 and those below as it has been reported that inju-
ries tend to occur at FMSTM composite score ≤ 14 in 
previous studies. 20 Results were considered signifi-
cant at the 5% critical level (p < .05).

RESULTS
All 20 pole vaulters had a reported history of LBP, 
and eight pole vaulters had chronic LBP. Table 1 
presents the average, standard deviation (SD), 95% 
confidence interval (95% CI), and statistical compar-
isons of each measurement by groups. There were 
no significant differences in age, height, or weight 
between the chronic and non-chronic LBP groups 
(p > .05). There were significant differences in the 
personal best record between the chronic LBP group 
(4.45 ± 0.56 [95% CI: 3.98-4.92] m) and the non-
chronic LBP group (4.96 ± 0.34 [95% CI: 4.75-5.17] 
m) (p < .05).

There were no significant differences between the 
groups in the isokinetic peak torque of hip and knee 
flexion or extension (p > .05), normalized to body 
weight. 
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Table 1. 
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Table 1. (continued)

with those without chronic LBP, male collegiate pole 
vaulters with chronic LBP had a lower personal best 
record, a significantly decreased active SLR angle on 
the takeoff leg side and a larger ΔSLR for both legs; 
furthermore, the chronic LBP group had more signif-
icantly more participants with an FMSTM composite 
score ≤ 14.

The FMSTM is a tool that screens movement stabil-
ity and mobility required for functional movement 
patterns during specific tasks, and it is widely used 

in sports. In addition, the interrater and intrarater 
reliabilities of this tool have been reported to be high 
by previous authors.21 However, the meaning of low 
scores in each screening test is complicated and 
requires careful interpretation.

There were significantly more individuals who had 
an FMSTM composite score of less than 14 in the 
chronic LBP group than in the non-chronic LBP 
group. The FMSTM may be used a prediction sys-
tem for the occurrence of injuries and it has been 

Table 2. Difference in Functional Movement Screen™ composite 
score between chronic low back pain group and non-chronic low 
back pain group.
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chronic LBP, thus explaining the low scores. How-
ever, during competitions, since the sport perfor-
mance continues even when athletes are in chronic 
pain, the FMSTM may help clarify the biomechan-
ics dysfunction by evaluating the fundamental 
movements.

The active SLR angle in the chronic LBP group was 
smaller than that in the non-chronic LBP group on 
the takeoff-leg-side. SLR may be limited because of 
malfunction of the primary acting muscle and/or 
tightness of the antagonist muscle. However, there 
was no significant difference between the groups 
in passive SLR and knee extension angle, which 
are measures of the tightness of the lower limb. 
Therefore, active SLR was smaller in the group with 
chronic LBP. Hu et al24 reported that the ipsilateral 
iliacus, rectus femoris, adductor longus, psoas, and 
contralateral psoas are active during active SLR. In 
addition, Hu et al24 discussed that the psoas is active 
on both sides to stabilize the lumbar spine in the 
frontal plane. Therefore, result of this study may be 
related to poor stability of trunk or incompetence 
of the rest of the kinetic chain required when rais-
ing the lower limbs. Anatomically, the psoas major 
muscle attaches to costal processes and the disks 
of lumbar vertebrae. When working as a hip flexor, 
it is possible that the lower limb cannot be raised 
because the low back lacks stability.

To further analyze the influence of tightness of 
lower limbs, ΔSLR was calculated by subtracting the 

reported in the literature that there is a high inci-
dence of injuries in athletes with a composite score 
of ≤14.20 In this study, significantly more participants 
in the chronic LBP group scored 14 or less than those 
in the non-chronic LBP group. Therefore, this study 
suggest that the FMSTM should be considered in the 
periodic evaluation of athletes. In addition, among 
the eight athletes in the group with chronic LBP, 
four athletes scored a 1 on the trunk stability push-
up and three athletes scored a 1 on the active SLR. 
With these findings, it may be reasonable to con-
sider prescribing corrective strengthening exercises 
to rectify the low scores to improvement chronic 
LBP in collegiate pole vaulters.22 Wang et al23 have 
reported that exercises targeting deep abdominal 
muscles are effective for treating chronic LBP in the 
general population. Exercises to address anti-rota-
tion stress to the trunk may be effective in attaining 
greater stability of the trunk. Furthermore, four of 
eight athletes in the group with chronic LBP scored 
a 1 on the shoulder mobility reaching test; however, 
no significant difference was found in shoulder joint 
flexion on ROM measurement. Therefore, the lack 
of combined shoulder joint mobility (as measured in 
the SM screen) might be considered to cause a score 
of a 1. The FMSTM is targeted for use with athletes 
who do not have pain, but the subjects of this study 
may have experienced chronic LBP and may have 
changed their movement at a level that they were 
unable to recognize. In other words, there is a pos-
sibility that the measured function is lower owing to 

Table 3. The number of athletes who scored each of the FMS™ test scores.
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the questionnaire, so there was likely recall bias. 
This study also defined chronic LBP using a ques-
tionnaire. There is no common definition of chronic 
low back pain, and it is necessary to propose a com-
mon definition in future. Third, it is not possible to 
demonstrate a cause–effect relationship between 
physical factors and chronic LBP, in a cross-sectional 
study, using self-report. Therefore, it is necessary to 
study the relationship between physical factors and 
LBP longitudinally in future research.

CONCLUSION
The results of the current cross-sectional study on 
the relationship between chronic LBP and physi-
cal factors identified that in collegiate pole vaulters 
with chronic LBP, the personal best record for vault 
height was lower, active SLR angle on takeoff-leg-
side was smaller, the ΔSLR on both legs was larger, 
and a composite FMSTM score ≤ 14 was more fre-
quent, when compared to athletes without chronic 
LBP. Thus,  it may be necessary to examine the active 
straight leg raise (vs. passive only), and fundamental 
movements as screened by the FMS TM. Stability of 
the trunk and throughout the kinetic chain may be 
important to be addressed while training. 
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ABSTRACT
Background: Dance requires integration and synergy between movement, postural stability, and body alignment to 
effectively execute the technical and aesthetic requirements of the performance. Evaluation of movement compe-
tency and dynamic balance provides opportunity to identify dysfunctional movement which may negatively impact 
both artistic and technical aspects of dance performance. Investigation of the relationships between movement com-
petency and postural control may aid in technical development, performance improvement, and ultimately injury 
reduction. Although the Functional Movement Screen™ (FMS™) and Y-Balance Test (YBT) have assessed movement 
competency in athletes, they have not been used extensively in the performing arts. 

Purpose: The purposes of this investigation were to examine movement competency in university dancers using the 
FMS™ and YBT and to determine the relationship between functional movement and dynamic balance. 

Study Design: Cross sectional 

Methods: Fifteen, injury-free, female members (19.1 ± 1.18 years old) of an introductory university ballet class vol-
unteered to participate. Pearson product correlations were used to determine relationships between variables. 

Results: The mean composite FMS™ score was 15.32 ± 2.30. Shoulder mobility (SM) (r=0.63, p=0.01), In-line lunge 
(ILL) (r=0.64, p=0.01), and Deep Squat (DS) (r=0.62, p=0.01) were correlated with composite FMS™ score. Overall 
composite YBT score was 86.62% ± 8.17%. Reach asymmetry was 3.25 cm ± 3.53 cm (anterior), 4.06 cm ± 3.59cm 
(posteromedial (PM)), and 3.28cm ± 2.61cm (posterolateral (PL)). Composite FMS™ score was not correlated with 
composite YBT composite score (r=0.44, p=0.10). A moderate to good correlation was found between the ILL and 
YBT composite score (r=0.64, p=0.01).

Conclusion: Collectively the results indicate the FMS™ and YBT do not measure the same constructs. However, the 
associations between individual components of the FMS™ and YBT indicate a relationship between certain move-
ments and dynamic balance, supporting their combined use in a dancer injury risk management program. 

Level of Evidence: 2b

Keywords: ballet, dynamic balance, functional movement
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INTRODUCTION
The aesthetic beauty and technical execution 
required for dance requires coordination and inte-
gration of movement, proper body alignment, car-
diovascular endurance, muscular strength and 
endurance, flexibility, and dynamic balance.1,2 Func-
tional movement, the ability to accurately and effi-
ciently produce and maintain stability and mobility 
of body segments while performing, is essential 
for athletic activities including ballet.3,4 The over-
all movement competency of the dancer is related 
to the interaction of postural control, mobility, and 
stability as the dancer performs technical elements 
as isolated exercises in choreographed routines. 
High levels of movement competency require syn-
ergy between mobility and stability and the ability 
to adjust in a dynamic environment. The adoption 
and implementation of screening to identify defi-
cits, limitations, and/or asymmetries contributing 
to reduced movement competency is necessary to 
maintain and improve dancer health. 

Despite calls for comprehensive dancer health and 
wellness screening5-8 there remains a lack of consensus 
regarding the specific components of a dance move-
ment screening. Given the requisite physical attributes 
required for dance are similar to that of other athletic 
events, the application of screening tools used with 
other athletic populations may be appropriate. The 
Functional Movement Screen™ (FMS™), a seven exer-
cise assessment (in-line lunge (ILL), deep squat (DS), 
rotary stability (RS), trunk stability push up (TSPU), 
active straight leg raise (ASLR), shoulder mobility (SM), 
and the hurdle step (HS)) is used to identify functional 
deficits resulting from aberrations in mobility, stability, 
motor control, and/or combinations, providing a quali-
tative level of movement competency.9-11 The FMS™ 
has been used to screen for movement competency in 
college student-athletes,11-14 professional  athletes,15,16 
and tactical populations.17-20 Several authors have 
used components of the FMS™ with dancers, but 
failed to use all seven movement patterns, limiting 
the utility of their findings.21-23 The Y-Balance Test 
(YBT) assesses dynamic balance through a series of 
unilateral lower extremity reaches while maintain-
ing single limb stance.24 YBT has been used to inves-
tigate postural control in college student athletes12,24,25 
and high school athletes,26 with limited use in dance 
populations.27 The FMS™ and YBT are often used for 

similar purposes, but there has been limited focus on 
the relationships between the two clinical screenings. 
The relationship between movement competency 
and dynamic balance has been investigated in col-
lege student athletes28-30 and military personnel19 but 
has not been explored in the dancers. Therefore, the 
purposes of this investigation were to evaluate move-
ment competency and dynamic postural control, as 
measured by the FMS™ and the YBT, and to identify 
the relationship between them in entry-level univer-
sity ballet dancers. 

METHODS
Sixteen female students (n=16) from a single intro-
ductory undergraduate ballet course volunteered to 
participate in this study. To be eligible for participa-
tion, the participants had to be enrolled in the intro-
ductory ballet class and free from injury at the time 
of data collection and the participants had to remain 
active in the course. All participants completed a 
written informed consent form in accordance with 
procedures approved by the University’s Institu-
tional Review Board. 

Procedures
Each participant completed a health history ques-
tionnaire to assess general health and wellness 
variables (e.g., previous history of musculoskeletal 
injury [MSI], amount of training per week, number 
of rehearsals per week, number of performances 
per week/year, pain, sleep and rest, footwear, dance 
surfaces, warm-up practices, etc.). Training sessions 
per week, rehearsals per week, performances in a 
typical week, and hours per week of dance activity 
were categorized by a range of 5 hours (i.e., 0, 1-5 
hours, 6-10 hours, etc.). Each participant completed 
the baseline data collection session, consisting of 
all components of the FMS™ and the YBT. An iPad 
Pro (Apple, Inc.) was used to video record the FMS™ 
for training and review purposes. FMS™ assessment 
was completed by a certified athletic trainer with 10 
years of experience using the battery in clinical and 
performance-based research, and three undergradu-
ate students who completed two training sessions 
conducted by the certified athletic trainer using 
standardized instructions for the testing procedures. 
YBT assessment was conducted by a dance educator 
and researcher with over four years of experience 
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using the test in clinical and performance-based 
research. 

Assessments
The FMS™, composed of seven movements that are 
scored (in-line lunge [ILL], deep squat [DS], rotary 
stability [RS], trunk stability push-up [TSPU], active 
straight leg raise [ASLR], shoulder mobility [SM], 
and hurdle step [HS]) and three clearing tests (not 
included in the composite score), was used to iden-
tify asymmetries and/or deficiencies in movement 
competency. Each individual movement was scored 
using a 0-3 scale and summed to determine a com-
posite score ranging from 0 to 21 points.9,10 Each of 
the movements was scored using standard crite-
ria,4,9,10 with a score of 3 indicating the highest level 
of movement competency and a score of 1 indicat-
ing the lowest level of movement competency. A 
score of 0 indicated the participant had pain during 
performance of the exercise. The FMS™ has been 
shown to have adequate reliability with both novice 
and trained raters.20,31,32 

The YBT was performed adhering to standard proce-
dure.24 Limb length was measured from the anterior 
superior iliac spine (ASIS) to the distal edge of the 
medial malleolus (cm). Participants stood in the cen-
ter of the Y-Balance Test Kit (Move2Perform, Evans-
ville, IL, USA) on one limb and were instructed to 
keep their hands on their hips while reaching as 
far as possible, pushing the reach indicator with the 
non-stance foot. Trials were repeated if the partici-
pant: failed to return to the starting position, lifted 
the heel of the stance limb, touched down with the 
non-stance limb, placed too much weight on the slide 
indicator, or flicked the slide indicator forward.24,25 

Each participant completed four practice attempts 
prior to the three testing trials to reduce the effect of 
a novel movement. Reach distances and composite 
reach distance were calculated according to previ-
ously established protocols.33 

Statistical Analysis
Descriptive statistics (mean ± standard deviation) 
were calculated for all measures. Pearson product 
correlations were used to examine the relationship 
between variables. All analyses were performed 
using Statistical Program for Social Sciences (SPSS) 
software (SPSS V. 24, IBM Corporation, Armonk, NY, 
USA). Alpha levels were set a priori at 0.05. 

RESULTS
A total of fifteen (15) participants completed all 
components of the FMS™, the YBT, and remained 
active participants throughout the ballet class. The 
participants were all female, 19.1 ± 1.18 years old. 
Demographic data collected from the participants 
highlighting their overall activity level are reported 
in Table 1. 

Composite FMS™ score ranged from 9 to 18 (mean: 
15.32; standard deviation: 2.30). Mean scores 
recorded for each of the individual components are 
reported in Table 2. YBT performance, including 
mean reach distances and composite reach distance 
are also shown in Table 2. Composite YBT score was 
86.62% ± 8.17%. Reach asymmetry (the absolute 
difference between right and left reach) was 3.25 
cm ± 3.53 cm for anterior, 4.06 cm ± 3.59cm for 
posteromedial (PM) reach, and 3.28cm ± 2.61cm 
for posterolateral (PL) reach. Pearson product cor-
relation calculation revealed performance on the 

Table 1. Participant Demographics (n=16; all female).
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SM (r=0.63, p=0.01), ILL (r=0.64, p=0.01), and DS 
(r=0.62, p=0.01) were correlated with composite 
FMS™ score (Table 3). RS performance was related 
to composite FMS™ score, and trended toward, but 
did not reach significance (r=0.48; p=0.06). 

Little to no correlation was found between com-
posite FMS™ and composite YBT (r=0.44, p=0.10). 
Little to no correlations were found between RS and 

composite YBT (r=0.46, p=0.08) and DS and com-
posite YBT (r=0.48, p=0.07) (Table 4). A moderate 
to good correlation was found between the ILL and 
composite YBT (r=0.64, p=0.01). 

DISCUSSION
The purposes of this investigation were to describe 
movement competency and dynamic postural 

Table 2. Descriptive statistics for Functional Movement Screen™ and 
 Y-Balance Test scores. YBT scores are displayed as sample mean ± standard 
deviation (cm) (n=15).

Table 3. Pearson correlation between Composite FMS™ score and individual components. Data 
are displayed as Pearson correlation (r); signifi cance (p-value).

Table 4. Pearson correlation results: Composite YBT (normalized) 
and FMS™ components. Data are displayed as Pearson correlation 
(r); signifi cance (p-value).
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control, as measured by FMS™ and YBT, and to 
examine their relationship in entry-level university 
dancers. The results show composite FMS™ higher 
and YBT scores similar to that of other college age 
populations.33-35 Among FMS™ movement patterns, 
RS and ILL performance was the worst; ASLR and 
SM were the highest. PM reach asymmetry was 
greatest, followed by PL and ANT respectively. No 
relationship was found between composite FMS™ 
and composite YBT. 

Movement competency, as indicated by composite 
FMS™, was higher in the current sample than other 
athletic and healthy populations. The composite 
FMS™ score obtained in the current study was higher 
than previously reported scores for general college 
students and female college-student athletes33 and 
cheer and dance athletes (14 ± 1).12 Reports of com-
posite FMS™ score of women within the general 
population34,35 are similar to those seen here. Other 
investigations have reported higher composite FMS™ 
scores in professional football players16,36 and in mil-
itary personnel.37,38 Higher levels of activity have 
been linked to higher FMS™ score,15,33,34 however, 
no association between hours of training per week 
and composite FMS™ score was found in the current 
study. The differences in FMS™ scores reported may 
be related to the specific activity type of the partici-
pants.39 While there are notable differences between 
ballet, other genres of dance, and traditional athletic 
activities, it remains plausible that the technical ele-
ments, training goals, and overall movement pattern 
repetition elicit similar patterns of neuromuscular 
control. Future investigations should examine the 
impact of various genres of dance (e.g., ballet, jazz, 
modern/contemporary) or dance-related activities 
(i.e., cheerleading, figure skating) on composite 
FMS™ score. 

Individually, performance on the RS and ILL were 
the lowest among the seven exercises of the FMS™. 
SM, ILL, and DS were significantly correlated with 
composite FMS™ score. The DS, ILL, and HS are con-
sidered the more complex movements within the 
FMS™, requiring the elevated coordination of mobil-
ity and stability in multiple body segments.9,10,37,40 Sta-
bility of the lumbopelvic region is a necessary link in 
the overall kinetic chain.41,42 Weakness and/or insuf-
ficiency (decreased mobility and/or altered motor 

control) in this region may result in compensation.43 
The association of upper extremity (SM) and the 
more complex lower extremity movement patterns 
(DS and ILL) to composite FMS™ score implicates 
the need for coordination and control of upper and 
lower body segments necessary for dance, and high-
lights the role of regional interdependence in overall 
movement competency in dancers.44 Further study 
is needed to identify other factors that affect stability 
in the lumbopelvic region (i.e., muscular endurance, 
strength, range of motion) and the relative contribu-
tion to both the aesthetic (qualitative) and technical 
(quantitative) aspects dance performance. 

Balance and postural control have been found to 
be greater in dancers than athletes and the general 
population.45 Mean composite YBT score in the cur-
rent study was similar to a previous investigation of 
dancers45 but lower than those reported in college 
student athletes (men’s and women’s basketball, ten-
nis, cross country, women’s golf, cheer and dance, 
swimming and diving, volleyball, soccer; men’s foot-
ball),12,33 general college students33 and high school 
basketball players.26 Collectively, this supports dif-
ferences in dynamic balance demands based on 
sport/activity, highlighting the pertinence of exist-
ing normative data.26,46,47 Reach asymmetries seen in 
the current sample follow similar patterns as college 
student athletes12,25 as well as dancers,27 but were 
less than established injury risk cut-offs.47 Lower 
composite reach scores seen here may be partially 
due to the frequency of unanticipated movements in 
dance and the bilateral, symmetrical focus inherent 
to dance. Athletes more frequently respond to unan-
ticipated movements due to the nature of the sport; 
dancers perform anticipated movements through 
isolated exercises in choreographed routines. The 
training for novice ballet dancers requires increased 
focus on small changes that affect balance, e.g., 
body position and alignment, while maintaining a 
position, where athletes attend to cues external to 
the body, i.e., objects and opponents. This internal, 
anticipated focus may explain why dancers have 
lower dynamic balance, but higher static balance, 
than athletes.45,46 Ballet, considered by some dance 
professionals to provide the foundation for dance, 
involves the same fundamental components despite 
a variety of styles; this is not the case for other genres 
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(i.e., modern dance).48,49 The heterogeneity of dance 
experience of the current sample and consistency 
with previous reports suggests, despite differences, 
there is sufficient overlap in the technical compo-
nents of various genres of dance, resulting in simi-
larities in control of balance. Future investigations 
should elaborate on the impact of experience level 
of the dancers and athletes and the genre of dance 
on differences in balance and postural control. 

The lack of association between composite FMS™ 
score and composite YBT score obtained in the cur-
rent study confirms previous work suggesting FMS™ 
and YBT measure different aspects of movement 
competency.28-30,37 Harshbarger et al.,28 examined 
the relationships between a modified Star Excur-
sion Balance Test (SEBT) (reach in the same three 
directions as YBT), static balance, and FMS™, find-
ing no association between composite scores of the 
FMS™ and the modified SEBT in college student-
athletes. Lockie, et al.,30 investigated the relation-
ship between FMS™ and SEBT in recreational team 
athletes. While a modified version of each test was 
used (PM, medial and anteromedial reach directions 
of the SEBT and only DS, HS, ILL, ASLR), overall, 
no association between the selected components of 
the FMS™ and dynamic balance was found. Kelleher 
et al.,29 however, found weak, but significant asso-
ciations between composite FMS™ and PM, PL, and 
composite reach distances. These differences may 
be due in part to the fact that YBT assesses only 
lower extremity function, but FMS™ assesses full 
body function.29 Dynamic balance is a component of 
only three of the FMS™ exercises (ILL, RS, and HS); 
the narrow base of support and unilateral stance of 
these movements does not fully mimic the extent of 
dynamic movement in the YBT. 

Examining the individual movements of the FMS™, 
a moderate to good correlation between ILL perfor-
mance and composite YBT was found. Both tasks 
require sufficient core stability to maintain adequate 
balance given the narrow base of support.9 These 
results differ from Harshbarger et al.,28 who found 
no association between ILL and composite YBT, but 
did report a significant correlation between RS and 
ANT and PM reach. Lockie., et al.30 reported a sig-
nificant relationship between left ILL score and L 
PM excursion, suggesting individual elements of the 

FMS™ may be related to dynamic balance. It was 
anticipated the connection between core stability 
and dynamic balance would be exposed between 
RS score and YBT composite or PM reach due to 
the rotary component of each movement. Little to 
no correlation between RS and YBT composite was 
found, inconsistent with Harshbarger et al.,28 who 
found fair and significant correlations between RS 
and ANT and PM reach. The role of core stability in 
dynamic balance has been questioned,27 exposing a 
need for further clarification of the relative role of 
core, lumbopelvic, and hip stability and mobility in 
dynamic balance. 

Limitations and Future Directions
The interpretation of these results should be con-
sidered while taking the following methodological 
limitations into consideration. The sample (size, 
age, experience level, training status, and gender) 
was limited due to the number of students enrolled 
in the introductory ballet course and may not be rep-
resentative of the population of university dancers. 
Additionally, the participants had a variety of dance 
backgrounds (genres and volumes), and were not 
strictly ballet dancers. Future studies should investi-
gate these associations with as homogenous a sam-
ple (genre and experience) as possible. 

Correlation does not imply causation between vari-
ables. There remain a number of factors, such as 
the type and amount of training/activity engaged in 
outside of the introductory course (i.e., other genres 
of dance, weight training, yoga, etc.), individual 
joint ranges of motion and strength, and/or core/
trunk muscular strength and endurance which vary 
among university dancers, and influence functional 
movement and dynamic balance. Acknowledging 
that movement competency and dynamic balance 
can be altered with training15,50 further research is 
warranted to identify the extent to which dance 
training can elicit changes. 

Lastly, the YBT has been established as a reliable 
and valid measure of dynamic balance, but other 
assessments are available.51 It is possible that the 
FMS™ may relate to others. The FMS™, has been 
established as a reliable measure of movement com-
petency,20,31,32 but there is debate over its construct 
validity.37,52 In light of this debate, and considering 
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the clinical usefulness of the FMS™ in identifying 
deficiencies, limitations, and/or asymmetries, com-
bining screenings is likely to provide a more robust 
picture of overall function and injury risk. 

Dancer health and wellness is a complex process 
requiring collaboration between dancers, educa-
tors, dance scientists, and healthcare professionals 
to effectively address the technical, aesthetic, psy-
chological, and physiological principles related to 
performance.53 Assessment of single joint function 
and/or reliance on a sole screening tool, diminishes 
the integration necessary for optimal aesthetic and 
technical execution. The use of an established move-
ment screen (e.g. FMS™ or Movement Competency 
Screen54) based on fundamental movement patterns, 
rather than a dance-specific screen, may provide 
greater utility in identifying injury risk when skill or 
technique is diminished.43 The adoption of a screen-
ing process to identify abnormalities in movement 
patterns, asymmetry, and/or dynamic postural con-
trol is the first step in identifying areas of concern. 
The development, implementation, and evaluation 
of evidence-based interventions to improve dancer 
movement competency and dynamic balance may 
provide additional benefits of reducing injury and 
improving performance. Such programs are not only 
likely to improve resiliency and promote longevity 
of a dancer’s career, but are necessary to advance 
dancer health and wellness. 

CONCLUSION
The results of the current study reveal no associa-
tion between composite FMS™ and composite YBT 
scores. Composite FMS™ score was consistent with 
other active populations and YBT reach distances 
were consistent with previous reports in dancers, 
but lower than athletes. Performance on the ILL was 
associated with YBT reach; further investigation is 
warranted to clarify the association. While the cur-
rent results suggest a relationship between dynamic 
balance and certain fundamental movement pat-
terns, the connection to dance performance remains 
unknown. It is hoped that these data will stimu-
late the discussion of the integration of movement 
competency screening into comprehensive dancer 
performance improvement and injury prevention 
programming. 
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ABSTRACT
Background: Little research has examined how psychosocial factors change over time and influence rehabilitation outcomes fol-
lowing meniscectomy. This information can inform the need to assess and address psychosocial factors in meniscectomy 
rehabilitation.

Hypothesis/Purpose: The purpose of this study was to examine changes in fear-avoidance and self-efficacy psychosocial factors 
from pre-surgery to one year after meniscectomy and their associations with rehabilitation outcomes. The hypothesis was that 
psychosocial factors would improve following meniscectomy, and less improvement in psychosocial factors would be associated 
with less improvement in rehabilitation outcomes. 

Study design: Prospective cohort.

Methods: Twenty-five patients with partial meniscectomy participated. Testing time points were pre-surgery, after post-surgical 
rehabilitation, and one-year post-surgery. Fear avoidance (pain catastrophizing and kinesiophobia) and self-efficacy (knee-related 
activity) psychosocial factors were assessed with the Pain Catastrophizing Scale (PCS), the Tampa Scale for Kinesiophobia (TSK-11), 
and Knee Activity Self-efficacy (KASE) questionnaires; respectively. Rehabilitation outcomes were quadriceps strength, evaluated 
with isokinetic testing at 60°/sec; knee pain, measured with the Numeric Pain Rating Scale (NPRS); and self-reported knee func-
tion, measured with the International Knee Documentation Committee Subjective Knee Form (IKDC-SKF). 

Results: PCS scores improved from pre-surgery to after post-surgical rehabilitation, while TSK-11 and KASE scores improved from 
pre-surgery to after post-surgical rehabilitation and from after post-surgical rehabilitation to 1-year post-surgery. Pre-surgery PCS 
and KASE scores were associated with 1-year post-surgery NPRS score (r=0.50) and quadriceps peak torque (r=0.48), respectively. 
From pre-surgery to 1-year post-surgery, change in TSK-11 score was associated with change in NPRS score (r=0.65), and change 
in KASE score was associated with change in IKDC-SKF score (r=0.44). From pre-surgery to after post-surgical rehabilitation, 
changes in TSK-11 and KASE scores were associated with changes in NPRS (TSK-11, r=0.47; KASE, r=-0.50) and IKDC-SKF scores 
(TSK-11, r=-0.39; KASE, r=0.71). From after post-surgical rehabilitation to 1-year post-surgery, changes in KASE score was associ-
ated with changes in IKDC-SKF score (r=0.59). 

Conclusions: Assessment of pain catastrophizing and knee activity self-efficacy pre-surgery might help to identify patients at risk 
for sustained knee pain and quadriceps muscle weakness. Decreasing kinesiophobia and increasing knee activity self-efficacy 
were associated with improved knee pain and function. 

Level of Evidence: 2b

Keywords: knee function, knee pain, meniscectomy, psychosocial factors, quadriceps strength.
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INTRODUCTION
At three months after partial meniscectomy, about 
half of patients report reduced levels of work or 
sports participation1 and their self-reported knee 
function is 13% lower compared to age, gender and 
sports-matched controls.2 Moreover, deficit in quad-
riceps strength is about 25% at 12 months after 
meniscectomy.3 Altered psychosocial factors includ-
ing high fear-avoidance (kinesiophobia and pain 
catastrophizing) and low self-efficacy have been 
linked to rehabilitation outcomes such as quadriceps 
strength and knee function in various knee injury 
populations.4–7 Only a few studies, all cross-sectional 
in design, have examined these psychosocial fac-
tors in the meniscectomy population.8 Elevated pain 
catastrophizing has been associated with lower peak 
knee extensor torque after traumatic meniscal tears9 
and greater knee pain before and after meniscec-
tomy rehabilitation10 while greater self-efficacy for 
knee activity has been associated with higher self-
reported knee function8 and single leg hop perfor-
mance after meniscectomy.11 Psychosocial factors 
can change over time in a non-linear fashion.5 There-
fore, longitudinal studies are needed to understand 
how fear-avoidance and self-efficacy psychosocial 
factors change over time and their association with 
changes in knee rehabilitation outcomes. Acquiring 
this knowledge can help evaluate the need to assess 
and address these psychosocial factors in patients 
undergoing rehabilitation after.

The purpose of this study was to examine changes in 
fear-avoidance and self-efficacy psychosocial factors 
from pre-surgery to one year after meniscectomy 
and their associations with rehabilitation outcomes. 
Based on previous literature, the hypothesis was that 
the psychosocial factors would improve following 
meniscectomy, and less improvement in psychoso-
cial factors would be associated with less improve-
ment in rehabilitation outcomes.

METHODS

Study Overview 
This study was a secondary analysis of data from a 
randomized controlled trial (RCT) study that evalu-
ated the association of quadriceps muscle function 
with self-reported knee function and cartilage struc-
ture following meniscectomy (Clinicaltrials.gov 

# NCT01879852). Demographic information was col-
lected pre-surgery. Psychosocial factors question-
naire responses, and rehabilitation outcomes were 
collected at pre-surgery, immediately after post-sur-
gical rehabilitation and 1-year post-surgery.

Subjects
Subjects with an isolated meniscal tear that under-
went arthroscopic partial meniscectomy were 
recruited from the clinical practices of three board-
certified orthopedic surgeons. Subjects were consid-
ered eligible if they were between the ages of 15 and 
35 years, had a traumatic onset meniscal tear, and 
had surgery performed within 12 months of injury. 
Patients were excluded if they had bilateral injury, 
concomitant ligamentous injury, previous knee 
injury, articular cartilage defect > Grade II on Out-
erbridge scale12,13 confirmed at the time of surgery, 
patellofemoral joint pain, or lower extremity align-
ment >5° valgus or varus. Outerbridge scale is the 
grading system for articular cartilage to describe the 
incidence of chondromalacia patellae and has sub-
sequently been adapted for all chondral surfaces.12,13 
All subjects gave informed consent to participate in 
this study and the study has been approved by the 
Institutional Review Board.

Post-Surgical Rehabilitation
Rehabilitation was initiated within one-week post-
surgery and administered for six weeks (12 visits 
total). Two licensed physical therapists supervised 
the rehabilitation interventions. Both physical 
therapists had a sports physical therapy board cer-
tification and had more than 10 years of clinical 
experiences. Subjects received standard rehabilita-
tion alone or with additional quadriceps strength-
ening per the initial RCT study design. Standard 
rehabilitation consisted of interventions to address 
typical post-surgical impairments following men-
iscectomy, including knee range of motion (ROM) 
exercises, lower extremity strengthening, stretching 
and balance exercises (Table 1). Additional quad-
riceps strengthening consisted of neuromuscular 
electrical stimulation to the quadriceps muscle and 
eccentric overload during strengthening exercises 
involving the quadriceps muscle. Neuromuscular 
electrical stimulation was initiated at the first visit. 
Current characteristics were set as follows: pulse 
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duration=250 microseconds, frequency=75 Hz, 
and on/off time= 15/50 seconds.14 Current ampli-
tude was adjusted to the maximally tolerated level 
of the subject.15 Ten electrically elicited contractions 
with the knee in full extension were performed at 
each visit. Eccentric exercises were added when 
the following criteria were met: (1) knee pain rat-
ing < 2/10, (2) effusion 1+ (Larger bulge on medial 
side with downstroke)16 or less, and (3) active knee 
motion from 0-90°. The maximum load that could 
be performed by the injured leg for the concentric 
phase (straighten the knee) was determined and 
the resistance was then set to 130-150% of the con-
centric phase maximum. The goal was to overload 
quadriceps muscles in study subjects. Only the 
injured leg was used to perform the eccentric phase 
of the exercise, and the concentric phase of the 
exercise was performed with assistance as needed 
from the uninjured leg. Three sets of 10 repetitions 
were performed for each exercise. The exercise 
was progressed to 6 sets of 10 repetitions and the 
resistance was increased in the subsequent visit if 
no exacerbation of symptoms was noted. The goal 
was to overload quadriceps muscles in study sub-
jects. The target training intensity at 130-150% was 
chosen, which was within the range that was rec-
ommended in literature (0-60% overload based on 
one-repetition maximum).17 The training repetitions 
were followed previous studies in patients with ACL 
reconstruction.18,19

Demographic Information
Demographic information included sex, age, height, 
weight, time from injury to surgery and location of 
meniscectomy. 

Psychosocial Factor Questionnaires 
(Appendix A)
Pain catastrophizing was measured with the Pain 
Catastrophizing Scale (PCS). The PCS is a 13-item 
questionnaire that evaluates catastrophic thinking 
about pain. Items relate to rumination (eg, “I keep 
thinking about how much it hurts”), magnification 
(eg, “I wonder whether something serious may hap-
pen”), and helplessness (eg, “It’s awful and I feel 
that it overwhelms me”) and are scored from 0 (“not 
at all”) to 4 (“all the time”). Total scores range from 0 
to 52 points, and higher scores indicate higher levels 
of pain catastrophizing. Test-retest reliability coef-
ficients for the PCS have been reported to be 0.93 
in patients with low back pain.20 The PCS has been 
used in knee injury research and is a valid and reli-
able measure for patients with anterior knee pain 
and in the later stage of ACL reconstruction rehabili-
tation.21,22 The PCS is included in Appendix A. 

Kinesiophobia was measured with the shortened 
version of the Tampa Scale for Kinesiophobia (TSK-
11).23 The TSK-11 is an 11-item questionnaire that 
evaluates subjects’ levels of pain-related fear. Items 
related to somatic focus (eg, “My body is telling me 

Table 1. Interventions for standard rehabilitation and targeted quadriceps strengthening.
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that I have something dangerously wrong”) and 
activity avoidance (eg, “I can’t do all the things nor-
mal people do because it’s too easy for me to get 
injured”) are scored from 1 (“strongly disagree”) to 4 
points (“strongly agree”). Total scores range from 11 
to 44 points, and higher scores indicate greater fear 
of movement or re-injury. Test-retest reliability coef-
ficients for the TSK-11 have been reported to be 0.93 
in patients with low back pain.20 MCID for TSK-11 is 4 
points in patients with low back pain.23 Although the 
MCID for TSK-11 has not been described for patients 
with meniscectomy, TSK-11 has been used in knee 
injury research and is a valid and reliable measure 
for patients with anterior knee pain and in the early 
stage of ACL reconstruction rehabilitation.21,22 The 
TSK-11 is also included in Appendix A. 

Self-efficacy was measured with the Knee Activ-
ity Self-efficacy questionnaire (KASE).24 The KASE 
is a 10-item questionnaire that was developed by 
the authors based on a published questionnaire. 
Items related to the confidence in performing func-
tional activities (eg, “I can hop on the injured leg”) 
are scored from 1 (“strongly disagree”) to 10 points 
(“strongly agree”). Total scores range from 0 to 100 
points, and higher scores indicate greater self-effi-
cacy for knee activity. In patients with meniscec-
tomy, KASE score are positively associated with 
self-reported knee function8 and single leg hop 
index.11 Test-retest reliability for the KASE question-
naire was analyzed in 53 patients with ACL recon-
struction who completed the questionnaire at 8 and 
9 weeks post-surgery. The intra-class correlation 
coefficient was 0.85. The validity for KASE has not 
been established for patients with meniscectomy. 
The KASE is also included in Appendix A. 

Rehabilitation Outcomes
Quadriceps strength was assessed with an isokinetic 
dynamometer (Biodex System3, Biodex Corporation, 
Shirley, NY) at the speed of 60°/sec.25 The range 
of motion was 10° to 100°of knee flexion (0° was 
defined as full extension). Prior to testing, subjects 
performed 3 practice trials at 50% of maximal effort 
to familiarize themselves with the testing appara-
tus. After 1 minute of rest, subjects performed 3 
trials at maximal effort. Verbal encouragement and 
visual feedback of the real-time torque output were 

provided to facilitate maximal effort.26,27 Peak torque 
normalized to body mass (N-m/kg) was measured. 

Knee pain intensity was measured with a numeric 
pain rating scale (NPRS). Rating scale ranges from 
0 (“no pain”) to 10 (“worst imaginable pain”) points. 
Subjects rated their worst pain and best pain inten-
sity in the previous week as well as their current 
pain intensity. The three pain ratings were averaged 
for analysis. Test-retest reliability coefficients for the 
NPRS have been reported to be 0.76 in patients with 
neck pain.28 

Self-reported knee function was measured with the 
International Knee Documentation Committee Sub-
jective Knee Form (IKDC-SKF).29 The IKDC-SKF is 
an 18-item questionnaire that measures knee symp-
toms (eg, “During the past 4 weeks, or since your 
injury, how stiff or swollen was your knee?”) and 
physical function (eg, “What is the highest level of 
activity you can participate in on a regular basis?”). 
Total scores range from 0 to100 points, and higher 
scores indicating less disability. Test-retest reliability 
coefficients for the IKDC-SKF have been reported to 
be 0.94 in patients with knee injuries.29 

Sample Size Calculation 
A power calculation was performed with the intent 
on detecting changes in each psychosocial factor 
questionnaire scores using a power of 80% and a 
significant level of 5%. Based on preliminary data, 
the numbers needed to show changes in PCS score, 
TSK-11 and KASE scores were 18, 10 and 5 subjects, 
respectively. 

STATISTICAL METHODS
All data were processed using a statistical software 
package (SPSS 20, IBM Co. Armonk, NY). Descriptive 
statistics were generated for demographics, psycho-
social factor questionnaire scores, and rehabilitation 
outcomes. Separate repeated-measures analyses of 
variance assessed longitudinal changes in psycho-
social factor questionnaire scores and rehabilitation 
outcomes from pre-surgery, after post-surgical reha-
bilitation to 1-year post-surgery. Pearson’s Product 
Moment correlation assessed the association of (1) 
  pre-surgery psychosocial factors with rehabilita-
tion outcomes after post-surgical rehabilitation and 
1-year post-surgery, (2) changes in psychosocial 



The International Journal of Sports Physical Therapy | Volume 15, Number 4 | August 2020 | Page 561

factors and changes in rehabilitation outcomes in 
the time intervals of pre-surgery to after post-surgi-
cal rehabilitation, after post-surgical rehabilitation to 
1-year post-surgery and pre-surgery to 1-year post-
surgery. An alpha level of 0.05 was set for signifi-
cance in all statistical tests. 

RESULTS
A total of 25 subjects were recruited. Demographic 
information for the subjects is presented in Table 2. 
The subjects included 22 males and 3 females. The 
mean height was 178.1 cm and the mean weight was 
89.2 kg. The mean time from knee injury to surgery 
was 3.6 months, and over half of the subjects (68%) 
received medial meniscectomy. 

Longitudinal Changes
Psychosocial factor questionnaire scores are shown 
in Table 3. Psychosocial factor questionnaire scores 
all significantly changed over a year, with more 
improvements in scores from pre-surgery to after 
post-surgical rehabilitation. Specifically, the PCS 
score decreased 5.4 points from pre-surgery to after 
post-surgical rehabilitation (p<0.01), but did not sig-
nificantly change (0.3 point) from after post-surgical 

rehabilitation to 1-year post-surgery. The TSK-11 
score significantly decreased 4.7 points from pre-
surgery to after post-surgical rehabilitation (p<0.01) 
and 2 points from after post-surgical rehabilitation to 
1-year post-surgery (p=0.01). The KASE score signif-
icantly increased 25 points from pre-surgery to after 
post-surgical rehabilitation (p<0.01) and 10.3 points 
from after post-surgical rehabilitation to 1-year post-
surgery (p<0.01).

Rehabilitation outcomes are shown in Table 4. Two 
subjects did not complete quadriceps strength assess-
ment at pre-surgery. Quadriceps peak torque did not 
significantly increase from pre-surgery to after post-
surgical rehabilitation but increased substantially from 
after post-surgical rehabilitation to 1-year post-surgery 
(p<0.001). Conversely, the NPRS score decreased 2.5 
points from pre-surgery to after post-surgical reha-
bilitation (p<0.01) but did not significantly change 
(0.2 point) from after post-surgical rehabilitation to 
1-year post-surgery. The IKDC-SKF score significantly 
increased 21.4 points from pre-surgery to after post-
surgical rehabilitation (p<0.01) and increased an 
additional 16.6 points from after post-surgical rehabili-
tation to 1-year post-surgery (p<0.01).

Association with Rehabilitation Outcomes

Pre-surgery 
Higher pre-surgery PCS score was associated with 
higher NPRS score at 1-year post-surgery (r=0.50, 
p=0.01), and higher pre-surgery KASE score was 
also associated with greater quadriceps peak torque 
at 1-year post-surgery (r=0.48, p=0.02). 

Interval from pre-surgery to 1-year post-surgery
Decrease in TSK-11 score was associated with 
decrease in NPRS score (r=0.65, p<0.01; Figure 

Table 2. Demographic information for the study popula-
tion. Continuous variables are reported as mean (standard 
deviation).

Table 3. Psychosocial factors at pre-surgery, after post-surgical rehabilitation, and 1-year post-
surgery. Values are given as mean with standard deviation (in parentheses) and confi dence interval 
[in brackets]
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1), and increase in KASE score was associated 
with increase in IKDC-SKF score (r=0.44, p=0.03; 
 Figure 2).

Interval from pre-surgery to after post-surgical 
rehabilitation
Decrease in TSK-11 score was associated with 
decrease in NPRS score (r=0.47, p=0.02; Figure 
3), and associated with increase in IKDC-SKF score 
(r=-0.39, p=0.05). Also, increase in KASE score was 
associated with decrease in NPRS score (r=-0.50, 
p=0.01), and associated with increase in IKDC-SKF 
score (r=0.71, p<0.01; Figure 4).

Interval from after post-surgical rehabilitation to 
1-year post-surgery. Increase in KASE score was 
associated with increase in IKDC-SKF score (r=0.59, 
p=0.02).

DISCUSSION
This study examined longitudinal changes in fear-
avoidance and self-efficacy psychosocial factors 
over 1 year after meniscectomy and the associations 
with rehabilitation outcomes. As hypothesized, all 
psychosocial factors improved post-operatively. 
Larger improvements occurred from pre-surgery to 
immediately after post-surgical rehabilitation, with 

Table 4. Rehabilitation outcomes at pre-surgery, after post-surgical rehabilitation, and 1-year post-surgery. 
Values are given as mean with standard deviation (in parentheses).

Figure 1. Association of changes in Tampa Scale of Kinesiophobia-11 (TSK-11) score and changes in Numeric Pain Rating Scale 
(NPRS) score in the interval of pre-surgery to 1-year post-surgery (r=0.65, p<0.01).
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Figure 2. Association of changes in Knee Activity Self-effi cacy (KASE) score and changes in International Knee Documentation 
Committee Subjective Knee Form (IKDC-SKF) score in the interval of pre-surgery to 1-year post-surgery (r=0.44, p=0.03).

Figure 3. Association of changes in Tampa Scale of Kinesiophobia-11 (TSK-11) score and changes in Numeric Pain Rating Scale 
(NPRS) score in the interval of pre-surgery to after post-surgical rehabilitation (r=0.47, p=0.02).
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continued improvement up to 1-year post surgery 
for kinesiophobia and knee activity self-efficacy. 
Associations specific to each psychosocial factor 
were also found. For example, higher level of pain 
catastrophizing at pre-surgery was statistically sig-
nificantly associated with greater knee pain inten-
sity at 1-year post-surgery, while higher level of 
knee activity self-efficacy at pre-surgery was statis-
tically significantly associated with greater quadri-
ceps strength at 1-year post-surgery. Moreover, the 
improvement in kinesiophobia was statistically sig-
nificantly associated with the improvement in knee 
pain, and the improvement in knee activity self-effi-
cacy was statistically significantly associated with 
improvements in knee pain and function. These 
results extend previous research from different knee 
injury populations5,30–32 and support the potential for 
a broad link between these psychosocial factors and 
rehabilitation outcomes. The findings of this study 
suggest that these psychosocial factors might need 
to be assessed and addressed in meniscectomy reha-
bilitation to optimize rehabilitation outcomes.

Fear-avoidance psychosocial factors improved   across 
the 1-year time interval, but the trajectory of change 
was slightly different for pain catastrophizing and 
kinesiophobia. PCS scores improved the most from 
pre-surgery to after rehabilitation, and the magni-
tude of improvement achieved the MCID reported 
for patients undergoing cognitive behavioral ther-
apy for pain catastrophizing (3.2 to 4.5 points).33 The 
PCS score did not show further significant change 
at 1-year post-surgery in part because the mean 
score was 6.3 points after post-surgical rehabilita-
tion, which is close to the minimum score (0 points). 
The TSK-11 also showed a large improvement from 
pre-surgery to after post-surgical rehabilitation and 
further improved up to 1-year post-surgery. These 
findings agree with previous ACL research showing 
the largest improvement in TSK-11 scores in in the 
first month after surgery.34 Interestingly, the TSK-11 
score at 1 year post-surgery (17.3 points) in this study 
was comparable to the score reported for patients 
at 1-year after ACL reconstruction (14.6 and 15.4 
points)35 and the cut-off score reported for patients 

Figure 4. Association of changes in Knee Activity Self-effi cacy (KASE) score and changes in International Knee Documentation 
Committee Subjective Knee Form (IKDC-SKF) score in the interval of pre-surgery to after post-surgical rehabilitation (r=0.71, 
p<0.01).
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at 4-year after ACL reconstruction (14.5 points).36 
Although surgery and rehabilitation are less exten-
sive for meniscectomy than for ACL reconstruc-
tion, it appears that they both evoke fear-avoidance 
beliefs. The cut-off score to identify higher kinesio-
phobia after meniscectomy has not been established, 
but higher kinesiophobia has been increasingly con-
sidered to be related to return to sports and physical 
activity levels in ACL reconstruction population.37 
Future research is needed to explore the cutoff score 
for meniscectomy patients and investigate if reha-
bilitation outcomes would be affected for those with 
higher kinesiophobia after meniscectomy.

Knee activity self-efficacy also improved across the 
1-year time interval. The KASE score demonstrated 
a substantial improvement from pre-surgery to after 
post-surgical rehabilitation and continued to show 
further improvement at 1-year post-surgery. The 
mean KASE score was lower in subjects with menis-
cectomy at 1-year post-surgery than that reported in 
ACL reconstruction.24 In terms of the magnitude of 
improvements, the increase in KASE score from pre-
surgery and after post-surgical rehabilitation was 25 
points (from 56 to 81 points) in the meniscectomy 
subjects compared to 13 and 20 points (from 80 to 93 
points and from 67 to 87 points) in patients with ACL 
reconstruction.24 Subjects who have undergone men-
iscectomy, which is a less severe knee injury and 
surgery than ACL reconstruction, would potentially 
be more confident in performing knee-related func-
tional activities soon after surgery and rehabilitation. 
It should be noted that although the KASE score sta-
tistically decreased over time, it is not clear whether 
the subjects achieved the clinically meaningful 
improvement because minimal clinically important 
differences in self-efficacy is still unknown. Future 
research should examine the clinically meaningful 
change in self-efficacy to determine whether addi-
tional psychosocial intervention is needed.

As depicted in the biopsychosocial model, psychoso-
cial factors are important influences on rehabilitation 
outcomes. It may be beneficial to screen pain cata-
strophizing in patients with meniscectomy pre-sur-
gery as there was an association with pain intensity 
that has also been found in many other patient pop-
ulations.22,38 In addition, an association between self-
efficacy at pre-surgery and quadriceps peak torque 

at 1-year post-surgery was observed. It is possible 
that subjects with higher level of self-efficacy39 were 
more adherent to rehabilitation, which may result 
in increased quadriceps muscle strength. From pre-
surgery to after post-surgical rehabilitation, kine-
siophobia and knee activity self-efficacy were both 
related to knee pain and self-reported function while 
from pre-surgery to 1-year post-surgery, kinesiopho-
bia and knee activity self-efficacy were related with 
knee pain and self-reported function, respectively. 
When exposed to potential painful activities, sub-
jects with decreased kinesiophobia and increased 
self-efficacy may tend to confront and plan strate-
gies to cope with their pain, which enables them to 
have greater exercise tolerance and engage more in 
activities. This potential mechanism may minimize 
their pain intensity and enhance their perceived 
recovery of knee function. As knee pain intensity 
did not significantly change after post-surgical reha-
bilitation, kinesiophobia needs to be monitored from 
pre-surgery to after post-surgical rehabilitation for 
potentially improving knee pain intensity. Knee 
activity self-efficacy appears to be more relevant to 
knee function and needs to be examined across the 
1-year time interval. With the examination of the 
associations between psychosocial factors and reha-
bilitation outcomes, this study highlights the impor-
tance of monitoring specific psychosocial factors 
at different time periods throughout the rehabilita-
tion process. However, causal relationship cannot 
be inferred from this study. Future research could 
investigate the predictive value of pain catastrophiz-
ing and self-efficacy for early identification of those 
with sustained knee pain and prolonged quadriceps 
muscle weakness after meniscectomy. 

A strength of this study is longitudinal collection 
of psychosocial data over 12 months in a homoge-
neous population of patients with traumatic isolated 
meniscal tear. Conversely, most meniscectomy 
studies had shorter follow up and included patients 
with both traumatic or degenerative meniscal tears. 
This study has limitations to consider when inter-
preting the results. First, multivariate analyses 
were not performed to test predictive relationship 
between psychosocial factors and rehabilitation out-
comes due to the number of subjects. Also, most of 
the subjects were injured while playing sports, but 
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level of sports participation was not evaluated which 
may have influenced psychosocial factors.40 Results 
might vary for subjects with different levels of sports 
participation.41 

CONCLUSION
Pain catastrophizing, kinesiophobia and knee activity 
self-efficacy improved over one year after meniscec-
tomy, particularly from pre-surgery to immediately 
after post-surgical rehabilitation. Assessment of 
pre-surgical pain catastrophizing and knee activity 
self-efficacy might help to identify patients at risk 
for sustained knee pain and prolonged quadriceps 
muscle weakness. In addition, a lack of post-surgical 
improvement in kinesiophobia and knee activity 
self-efficacy could contribute to persistent knee pain 
and poor knee function recovery. Clinical practice 
guidelines have encouraged screening psychosocial 
factors that may affect rehabilitation treatment deci-
sion making.42 Prior research has not acknowledged 
which psychosocial factors should be monitored dur-
ing meniscectomy rehabilitation, and clinicians may 
neglect to evaluate psychosocial factors. Current 
study suggests that pain catastrophizing, kinesio-
phobia and knee activity self-efficacy psychosocial 
factors should be included as part of standard assess-
ment following meniscectomy. Future research 
in larger samples is necessary to determine those 
patients who require psychosocial oriented inter-
ventions to improve meniscectomy rehabilitation 
outcomes. 
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ABSTRACT
Background: The Nordic hamstring exercise (NHE) is an effective strategy to prevent hamstring strain injuries in 
soccer players. The current literature recommends a 10-week training program with three sessions per week, but the 
short preseason period and the congested schedule make difficult for high-performance soccer teams to apply the 
NHE as recommended. 

Purpose: The purpose of this study was to examine the effect of a pragmatic NHE training program during a four-
week preseason period on eccentric knee flexor strength of high-performance soccer players. 

Study design: Quasi-experimental clinical trial.

Methods: This study included 25 under-20 male soccer players from a premier league club. They performed eight 
sessions of NHE (3 sets of 6-10 repetitions, twice a week) during the four-week preseason period. The eccentric knee 
flexor strength was evaluated during the NHE execution on a custom-made device, before and after the training 
program. 

Results: The NHE training program significantly increased the players’ eccentric knee flexor strength in both right 
(Δ=13%; p<0.001; effect size=0.97) and left limbs (Δ=13%; p<0.001; effect size=0.92). Individual analysis identified 
76% of the players as responders to the NHE training program (Δ=16%; effect size=1.60), and 24% as non-responders 
(Δ=3%; effect size=0.24). 

Conclusion: A four-week training program with NHE performed twice a week is feasible in the real-world of high-
performance soccer clubs and increases the eccentric knee flexor strength of male soccer players.

Keywords: Eccentric training, Football, Injury prevention, Sports physical therapy.
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INTRODUCTION
The hamstring strain injury (HSI) is the most com-
mon non-contact injury in soccer.1 An elite club 
can expect around 5-6 of their players to suffer at 
least one HSI per season, and more than half of the 
injuries usually prevent participation for periods 
of 8-28 days.2 The HSI relapse rate is high,2 and the 
rehabilitation process is often more complicated in 
re-injuries.3 As a consequence, the HSI affects team 
performance negatively and causes financial loss to 
the clubs,4 which increasingly invest in resources to 
screen the most susceptible players and in interven-
tion programs focused on injury prevention.5,6

Between 60% and 80% of soccer HSIs occur during 
high speed running;7,8 more specifically at the end 
portion of the balance phase, when the fibers con-
tract eccentrically, decelerating the knee extension 
and the hip flexion movements.3 That is the reason 
why poor eccentric strength is traditionally identi-
fied as an important risk factor for HSI.9 Prospective 
studies have supported that soccer players with low 
capacity to produce eccentric knee flexor strength 
are more likely to HSI during the season,8,10–12 as 
well as observed in other sports.13,14 Thus, hamstring 
eccentric strengthening is a traditional goal of injury 
prevention programs in soccer, such as the “FIFA 
11+”, developed by Fédération Internationale de Foot-
ball Association (FIFA).15

The so-called Nordic hamstring exercise (NHE) 
is one of the most popular strategies for HSI pre-
vention in soccer players.5,6,15 Arnason et al.16 and 
Petersen et al.17 demonstrated the preventive effect 
of a 10-week NHE training program (followed by a 
maintenance schedule along the season) in random-
ized controlled trials with large sample sizes of soc-
cer players. According to the meta-analysis by Al 
Attar et al.,18 training programs with the NHE reduce 
by half the HSI rate of soccer players from different 
competitive levels, supporting the inclusion of this 
kind of exercise in injury prevention programs.

The muscular strengthening provided by NHE is 
commonly considered to be one of the main mecha-
nisms responsible for reducing the HSI incidence 
during the soccer season. Mjolnes et al.19 were the 
first to demonstrate that a 10-week NHE training pro-
gram enhances the eccentric knee flexor strength of 

soccer players. Ishoi et al.20  and Lovell et al.21 fur-
ther demonstrated the positive strength response 
of soccer players engaged in 10-12 weeks of NHE 
training. However, it is important to note that high-
performance clubs hardly ever have such long pre-
season periods.5,6 This difficulty of transposing the 
intervention used by scientific studies to the real 
world of high-performance sport might justify the 
low compliance by premier league soccer clubs.22

Ribeiro-Alvares et al.23 found that a four-week NHE 
training program significantly enhanced the eccen-
tric knee flexor strength of physically active adults. 
However, the muscle strength response is likely 
training-status dependent; thus, extrapolating the 
research findings obtained in different populations 
to highly trained athletes requires caution, and ran-
domized clinical trials performed with high-level 
athletes have greater validity for the elite sport envi-
ronment.24 Therefore, the objective of this study was 
to examine the effect of a pragmatic NHE training 
program during a four-week preseason period on 
eccentric knee flexor strength of high-performance 
soccer players.

METHODS

Study design
This clinical trial was carried out through a partner-
ship between the authors’ research group (hosted 
in Federal University of Health Sciences of Porto 
Alegre, Brazil) and a national first division soccer 
club. The NHE training program was included in 
the preseason training routine of the under-20 team. 
Eccentric knee flexor strength was assessed one 
week before the start and one week after the end of 
the four-week NHE training program. 

Participants
This study included male soccer players aged from 
18 to 20 years old (i.e., under-20 category). All play-
ers had professional contracts with a Brazilian first 
division soccer club, and experience in national and 
international competitions. The following exclusion 
criteria were adopted: (1) history of muscle injury 
at the posterior thigh within six months before the 
start of the study; (2) musculoskeletal injuries of 
the lower limbs or in other body areas that would 
interfere in the training development and/or in 
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the evaluation protocols during the data collection 
period; (3) difficulty understanding and/or perform-
ing the test and training protocols; and (4) poor com-
pliance to the NHE training program (i.e., subjects 
should attend the eight training sessions).25 

The study was carried out during the preseason 
period. Players had up to six weekly training ses-
sions on the soccer field and two training sessions in 
the gym. Goalkeepers were not included in this trial 
because they performed specific training and have a 
lower risk of HSI. Therefore, all participants of the 
study were engaged in the same training routine 
under supervision of the coaching staff. They were 
also monitored by the club’s nutritionist, physician, 
and physiotherapists. Traditional strength training at 
the gym was performed concurrently with the NHE 
training program, which was performed at the field. 
Trunk, lower body and upper body exercises were 
performed with free weights and gym machines, 
always monitored by the strength and condition-
ing trainer. The leg curl was the only specific gym 
exercise for knee flexors; this exercise promotes the 
knee flexor concentric strengthening, but has not 
been able to influence the eccentric strength of this 
muscle group.18 NHE is very popular among soccer 
teams, thus all players had previous experience with 
this exercise, but none of them followed a system-
atized training program before the study began.

This study was approved by the institutional eth-
ics in research committee. All the volunteers were 
informed about the study purpose and procedures, 
and all agreed to participate by signing a consent 
term.

Procedures

Hamstring strength evaluation
A device to measure the eccentric knee flexor 
strength during the NHE execution was built espe-
cially for the current study (Figure 1), based on a pro-
totype validated26 and used in previous studies.13,14,27 
The volunteer was positioned to perform the NHE 
on a platform, and commercially available load cells 
(E-lastic; E-sporte Soluções Esportivas, Brasilia, Bra-
zil) with simultaneous transference of data via blue-
tooth were fastened around his ankles (right above 
the lateral malleolus). The volunteer was instructed 

to execute the NHE as the following: from the ini-
tial position (kneeling, with the hip neutral and the 
torso upright), lay the torso towards using only the 
knee joint (e.g., without altering the position of hips 
or spine), in slow speed and using eccentrically the 
hamstring muscle with the maximum intensity and 
amplitude possible to avoid the acceleration and 
consequent torso fall. The volunteer would have to 
use his upper limbs to absorb the fall, and return to 
the initial NHE position.

For strength measurement, subjects performed a 
minimum of three NHE valid attempts (i.e., proper 
movement execution), with at least 10-second rest 
periods between them. The force produced by each 
lower limb was registered, and the highest value 
(peak force) among the valid attempts was used 
for statistical analysis. All players were familiar-
ized with the NHE, and the proper testing execu-
tion was demonstrated before data collection. They 

Figure 1. Evaluation of the eccentric knee fl exor strength 
during the NHE execution. The white arrows highlight the 
two load cells used for data acquisition.
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were instructed not to consume any stimulating sub-
stance, medicine or alcoholic beverages during the 
24 hours before the test performance.

The reliability of the NHE testing device was pre-
viously assessed. A group of 19 physically active 
men with at least two sportive practice sessions per 
week (24.00±3.91 years old; 74.13±8.19 kg; 1.79±0.06 
m) performed the same evaluation procedure on 
the NHE device in two occasions separated by four 
weeks. Results supported a high test-retest reli-
ability: ICC=0.94, typical error = 15.17 N (5.01%). 
This reliability level was slightly better than val-
ues reported by the previously validated prototype 
[ICC=0.83-0.90; typical error = 22-27 N (6-8%)].26

NHE training program
The NHE sessions were performed twice a week 
(with at least 48-hour breaks between sessions) dur-
ing a four-week period, coinciding with the club 
preseason training schedule. A progressive volume 
periodization was based on previous studies with this 
kind of intervention (Table 1).23,25 The NHE sessions 
were always performed on the soccer field, after the 
team’s regular warm-up (applied by the strength and 
conditioning trainer, and including both general and 
specific warm-up exercises) and before the regu-
lar soccer training. The exercise was performed in 
pairs (i.e., the players helped each other by hold-
ing the ankles of the one who was doing the NHE; 
later, they switched the roles). A researcher followed 
every session to ensure the right implementation of 
the training volume (number of sets and number of 
repetitions per set) and the proper execution of the 
NHE. 

Statistical Analysis
Data normality was assessed through the Shapiro-
Wilk test. Paired sample t-test was used to compare 
the eccentric knee flexor strength before and after 
the NHE training program. Practical significance of 

training-induced changes was assessed through the 
effect size (Cohen’s d): d = (Apost − Apre)/DPgroup, in 
which Apost is the post-training average, Apre is the 
pre-training average, DPgroup is the standard deviation 
of pre- and post-training measures grouped]. The 
effect sizes were classified as trivial (d<0.2), small 
(d>0.2), moderated (d>0.5) or large (d>0.8).28 

Individual responsiveness to NHE training used the 
two-limb average value of percent change (pre- to 
post-training). Responders and non-responders were 
determined using the typical error criteria.29,30 The 
typical error (TE) of measurement was calculated 
through the following equation: TE=SDdiff/√2, in 
which SDdiff is the standard deviation of the differ-
ence scores observed between the two tests per-
formed. Non-responders were defined as subjects 
who failed to achieve an increase that was greater 
than two times the TE away from zero. Since TE was 
15.17 N, volunteers had to present at least 30.33 N 
of strength gain to be considered responders to the 
NHE training.

RESULTS
Twenty-five soccer players completed the NHE 
training program and the assessments: 18.32±0.63 
years old; 74.88±8.01kg; 1.80±0.08 m. All players 
had 100% attendance at the eight NHE training ses-
sions. They significantly increased the eccentric 
knee flexor strength of both limbs (~13%), with 
large effect sizes (>0.9) from pre- to post-training 
assessments (Table 2). Nineteen out of the 25 play-
ers (76%) were classified as responders, while six 
players (24%) were classified as non-responders 
(Figure 2).

DISCUSSION
This study investigated the effect of adding an NHE 
training program into the preseason routine of a 
high-performance soccer club on eccentric knee 
flexor strength. The main findings were: (1) the 
NHE program significantly enhanced the players’ 
eccentric knee flexor strength; and (2) around three-
quarters of players were considered responders to 
the NHE training program.

The NHE was first described by Brockett et al.,31 
and there is strong evidence regarding its preven-
tive effects on HSI. The systematic review with 

Table 1. Periodization of the Nordic hamstring exercise 
training program.
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meta-analysis by Al Attar et al.18 included five pro-
spective studies with soccer players of different 
competitive levels and concluded that the teams that 
used prevention programs which included the NHE 
reduced HSI rate by 51%. Corroborating those find-
ings, the  randomized controlled trial by Petersen et 
al.17 included a large sample of 50 soccer teams (942 
athletes) and verified that a 10-week training pro-
gram with NHE reduced by 60% and 85% the new 
and recurring injuries, respectively.

Prospective studies have demonstrated the associa-
tion between eccentric knee flexor strength and HSI 
rate in soccer players8,10–12 and other athletic popula-
tions.13,14 The link between eccentric strength and 
HSI is sometimes contradicted (for instance, studies 
by van Dyk et al.32,33), which is possibly related to 
the complex and multifactorial nature of sports inju-
ries.34 However, findings that soccer players with 

weak hamstrings at preseason have up to 4.4 times 
greater risk of in-season HSI than stronger play-
ers8 support the importance of strength testing per-
formed by most premier league football clubs5,6 and 
highlight the relevance of strength gains provided 
by the NHE training program. 

The percent increases of strength verified in the cur-
rent study (~13%) are similar to those reported by 
Mjolsnes et al.19 (i.e., ~11%) and Lovell et al.21 (i.e., 
~12%) in professional and amateur soccer players, 
respectively; while are slightly smaller than those 
found by Ishol et al.20 (i.e., ~17%) in amateur soc-
cer players. However, training programs with NHE 
in these previous studies took 10-12 weeks, suggest-
ing effectiveness of the short-term NHE program 
employed in the current study. A previous study 
had already demonstrated that it is possible to obtain 
meaningful improvements of eccentric knee flexor 
strength with only four weeks of NHE training in 
university students.23 Thus, the current study adds to 
literature that high-performance soccer players can 
also have meaningful eccentric knee flexor strength 
improvement in a short-term program with NHE.

Studies of professional soccer players have reported 
distinct levels of eccentric knee flexor strength dur-
ing the NHE execution, ranging from ~261 N8 to  
~411 N.35 The reason for the discrepancy observed 
among those athletes may be related to their com-
petitive level,36 but the under-20 players of the cur-
rent study had similar baseline strength levels as 
their professional counterparts. Timmins et al.8 
evaluated 152 professional soccer players during 
the Australian preseason using a device similar to 
the prototype built for the current study. According 
to their logistic regression analysis, the risk of sus-
taining an HSI decreases ~9% for every 10 N eccen-
tric strength increase of such muscle.8 Therefore, 
it is plausible that the ~53 N of eccentric strength 

Table 2. Eccentric knee fl exor strength (mean±SD) before and after the Nordic hamstring exercise training 
program.

Figure 2. Individual responsiveness to the NHE training 
program: responders (n=19, 76%); non-responders (n=6, 
24%). Black lines indicate individual responses, and vertical 
grey bars show the group average values. 
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increase observed in responders to the NHE training 
in the current study may have real repercussions on 
their susceptibility to HSI along the season. 

To the best of the authors’ knowledge, this is the first 
study to report the individual responsiveness to an 
NHE training program. This analysis is especially 
interesting for professionals working on the medi-
cal and coaching staffs; although the average values 
provide an idea of the team’s behavior, it should be 
noted that a few athletes do not follow the same 
response trend observed in the group as a whole 
and should be screened. About three-quarters of 
the soccer players responded to the NHE training 
program proposed in the current study. All players 
were engaged in the same weekly training routine 
and all of them attended to the full NHE training 
program, thus adherence issues cannot explain the 
non-responders. One could speculate that players 
with high strength levels could be less responsive 
to NHE training after noting that non-responders 
had greater average strength values than responders 
at baseline (see figure 2). However, not all stronger 
players were non-responders and vice-versa, thus 
further investigation is needed to understand why 
some athletes positively respond to NHE training 
and others do not. However, findings of the current 
study support that most of players could benefit 
from a short-term hamstring strengthening pro-
gram entirely feasible to the real context of a high- 
performance club’s preseason.

It is important to highlight that, like all other sport 
injuries, the HSI has many causes.9 The biceps 
femoris long head fascicle length,8 the flexibility of 
the posterior thigh compartment,37,38 the strength 
balance between hamstrings and quadriceps,13,39 
and the stabilization provided by the lumbo-pelvic 
muscles,40 among other factors, are associated with 
athletes’ susceptibility to HSI. The current study 
concentrated its intervention on the effects of train-
ing with NHE on only one risk factor (i.e., eccentric 
knee flexor strength), but this exercise has a poten-
tially positive impact on other risk factors.23,25 

Unfortunately, it was not possible to follow the 
behavior of the eccentric knee flexor strength of the 
athletes who had been in the intervention program 
during the rest of the season, nor to follow the injury 

rates of this group and compare them to the previ-
ous seasons to verify if the program with NHE had 
an actual effect on the incidence of HSI. In addi-
tion, a control group (without NHE training) was not 
included in this study because the club required that 
all players should be engaged in a preventive pro-
gram using the NHE. Previous evidence supports that 
eccentric knee flexor strength remains unchanged 
in soccer players not engaged in an eccentric-over-
load exercise training routine.19 However, the lack 
of a control group is a clear limitation of this study. 
This is the disadvantage of performing a clinical trial 
into the real-world of high-performance sports; con-
versely, the current study presents high ecological 
validity because it was done within the constraints 
and expectations of the soccer club.

CONCLUSION
The results of the current study demonstrated that it 
is possible to positively affect eccentric knee flexor 
strength including the NHE in a four-week pre-
season routine of a high-performance soccer club. 
In addition, the results showed that three-quarters 
of athletes engaged in this short-term periodization 
were responders to the NHE training. Therefore, 
given the difficulties to implement the longer NHE 
programs recommended by literature in the clubs’ 
routine, more pragmatic training programs may be 
an effective alternative to address hamstring eccen-
tric strengthening.
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ABSTRACT
Background: Myofascial decompression (MFD), or cupping, and self-myofascial release (SMR) are common techniques utilized to treat soft tissue 
injuries and increase flexibility. MFD is a negative pressure soft tissue treatment technique using suction to manipulate the skin and underlying 
soft tissues. One method of SMR is a foam roller, where a patient rolls his/her bodyweight over a dense foam cylinder in a self-massaging fashion 
to mobilize soft tissues for the body part treated.

Hypothesis/Purpose: The purpose of this investigation was to examine the acute effects on hamstring flexibility and patient-rated outcome mea-
sures comparing two soft tissue treatments, 1) MFD, and 2) a moist heat pack with SMR using a foam roller in patients with diagnosed hamstring 
pathology. 

Study Design: Pilot randomized controlled trial study. 

Methods: Seventeen collegiate athletes [13 males (20.6+/- years; 184.9+/-cm; 90.8+/-kg) and 4 females (20.5+/-years; 167.1+/-cm; 62.7+/-kg)] 
with diagnosed hamstring pathology (mild strain and/or symptoms of tightness, pain, decreased strength, and decreased flexibility) were randomly 
assigned to receive MFD or SMR. The MFD group (n=9) received three minutes of static treatment using six plastic-valve suction cups along the 
hamstrings followed by 20 repetitions of active movement with cups in place. SMR (n=8) received 10 minutes of heat treatment over the ham-
strings followed by 60 seconds of general mobilization over the entire hamstring area, and 90 seconds of targeted foam rolling on the area of most 
perceived tightness. Passive hamstring flexibility (ROM) and a patient-rated outcome measure [Perceived Functional Ability Questionnaire (PFAQ)] 
were assessed before and immediately after treatment. The Global Rating of Change measure (GROC) was administered post-intervention. 

Results: Passive ROM and subjective PFAQ measures for overall flexibility and flexibility of the hamstrings were significantly different from pre- to 
post-intervention measurements regardless of the treatment received. A significant difference was found in favor of the MFD group for the GROC 
values. 

Conclusion: The findings suggest that both treatments are beneficial in increasing hamstring length. Patients though felt an enhanced treatment 
effect using MFD over SMR for perceived benefits to hamstring flexibility.  

Levels of Evidence: Level 2

Keywords: myofascial decompression, cupping, self-myofascial release, foam roller, hamstring
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INTRODUCTION
Hamstring injuries are described as the third most 
common orthopedic problem after knee and ankle 
injuries, and often have a long recovery time and 
high risk of reinjury.1 Hamstring strains have been 
documented as the most common injury in the Aus-
tralian Football League2, the second most frequent 
injury in the National Football League pre-season 
camps,3and account for 6% of injuries in intercol-
legiate basketball.4 In the sport of track and field, 
hamstring strains accounted for 26% of all injuries 
sustained, with sprinting events being the most 
common.5 In the sport of soccer, a recent system-
atic review cited that hamstring injuries represent 
between 15 and 50% of all muscle injuries.6 Ham-
string strain injuries can cause a decrease in over-
all athletic performance7, 8 and significant time loss 
from participation,2,7, 9, 10 with one study citing time 
losses between one and seven days for minor injury, 
eight and 28 days for moderate, and greater than 28 
days for severe strains.8 

A commonly accepted risk factor for hamstring 
injury is inadequate extensibility within the poste-
rior thigh compartment.11,12 Incorporating stretching 
as part of a global aerobic warm-up prior to exercise 
is thought to decrease passive stiffness and increase 
range of movement during exercise.13 It is suggested 
that static and dynamic stretching before physical 
activity are equally effective at increasing range of 
motion and extensibility of the stretched muscle 
and soft tissues,13 which may in conjunction with 
a global warm-up, decrease the chance for muscu-
lotendinous injury.13–17 Flexibility may be hindered 
by a number of neuromuscular factors including 
changes in tendon length, length of muscle resulting 
from elongation and rotation of muscle fascicles, the 
reflexive passive resistance of the musculotendinous 
unit, reductions in stretch tolerance, as well as gen-
der and genetic differences.18 Additional limitations 
to flexibility include fascial restrictions.19, 20 Fascia 
can become restricted due to injury, inactivity, dis-
ease, or inflammation,19 and can lead to decreases in 
flexibility and increases in pain.19 

Various techniques of myofascial release are cur-
rently being used to alleviate the effects of fascial 
restrictions, with the purpose of manipulating the 
fascia to facilitate histological length changes to 

relieve fascial restriction symptoms such as pain 
and restricted ROM.20 This change in state allows for 
the breaking apart of fibrous adhesions between the 
different layers of the fascia and restores the soft tis-
sue extensibility.21 As fascia is disturbed, or begins to 
move, it becomes more fluid and less viscous, there-
fore, techniques of myofascial release are theorized 
to address muscular involvement and the thixotropic 
nature of fascia to return it to a softer and more plia-
ble state.21 By releasing its tightness through manual 
therapy or other techniques, pressure is relieved on 
these areas and blood circulation becomes normal.22 
Fascia is heavily innervated by sensory mechano-
receptors that when stimulated with manual pres-
sure has shown to lead to a lowering of sympathetic 
tonus as well as a change in local tissue viscosity.23 
Fascial manipulation stimulates type III and IV fas-
cial sensory nerve endings, which have been shown 
to induce changes in local vasodilation and changes 
in muscle tonus by resetting the gamma motor feed-
back loop to the central nervous system.24 

Manual therapy is known to alter the tissue tone and 
also to change the consistency of the ground sub-
stance, and therefore likely to affect the mechani-
cal properties of fascia by altering its viscoelastic, 
shock-absorbing and energy-absorbing properties.19 
The application of self-myofascial release has been 
shown to address the thixotropic properties of the 
fascia by increasing blood flow and reducing scar tis-
sue adhesions.20,25 One self-myofascial release tech-
nique that has been shown to increase flexibility 
prior to physical activity is a foam roller. The foam 
roller is a dense foam cylinder a patient rolls his/
her bodyweight over in a self-massaging fashion 
to increase ROM for the body part treated. As the 
individual rolls, the foam roller places direct and 
widespread compression on the soft-tissue, there-
fore causing the tissue to stretch and creating fric-
tion between the body and the foam roller.20 The 
friction causes the fascia to warm and take a more 
fluid like form, which in turn breaks up the fibrous 
adhesions that lay between the layers of connective 
tissue.21 It is hypothesized that during the rolling, 
direct sweeping pressure is exerted on the soft tis-
sue lengthening the fascia to stretch and increase 
ROM.20 Studies have demonstrated improvements in 
quadriceps flexibility by 10° after two, one-minute 
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changes in hamstring flexibility after cupping in 
asymptomatic or healthy individuals.40 While there 
is low-level evidence to support the use of self-myo-
fascial release using a foam roller to increase range 
of motion and flexibility in the lower extremity39, 
research is scant regarding the analysis of outcomes 
of MFD on flexibility and function in patients with 
hamstring pathology. 

To date there are no published studies to validate 
the effectiveness of MFD on hamstring flexibility. 
Therefore, the purpose of this investigation was to 
examine the acute effects on hamstring flexibility 
and patient-rated outcome measures comparing 
two soft tissue treatments, 1) MFD, and 2) a moist 
heat pack with SMR using a foam roller in patients 
with diagnosed hamstring pathology. The objectives 
of this study were twofold. The first objective was 
to determine if an acute bout of MFD is beneficial 
in improving flexibility and range of motion (ROM) 
of the hamstrings compared to self-myofascial 
release using a foam roller (SMR) on patients with 
diagnosed hamstring pathology. The second objec-
tive was to examine patient-reported perceptions 
of pain, flexibility and impact of a single treatment 
of MFD on their hamstring. In this study, the term 
“acute” refers to the time period immediately after 
treatment. This time point was chosen to demon-
strate how MFD could be used to improve symptoms 
experienced with hamstring pathology. 

METHODS

Design
This was a pilot randomized controlled trial study. A 
convenience sample of collegiate athletes with cur-
rent hamstring injury were recruited to participate. 
The independent variables were a single treatment 
of myofascial decompression cupping therapy, or a 
moist heat pack with self-myofascial release using 
a foam roller. The dependent variables were ham-
string flexibility, and patient-rated outcome meas-
ures of perceived changes utilizing the Perceived 
Functional Ability Questionnaire, and the Global 
Rating of Change instruments. 

PARTICIPANTS
Seventeen collegiate athletes participating in the 
sports of football, track, basketball, softball and baseball 

trails of foam rolling.20 Flexibility as measured by 
sit-and-reach has improved after foam rolling of the 
hamstrings and gluteal muscles.26 Foam rolling has 
also been found to decrease the perception and feel-
ings of post-exercise fatigue.27 

One treatment that is becoming more prevalent 
is myofascial decompression (MFD), traditionally 
known as “cupping therapy”. Cupping therapy is a 
traditional complementary and alternative medi-
cine technique used for thousands of years in coun-
tries such as China, Japan, Korea and Saudi Arabia.28 
Cupping therapy has been proven effective in many 
kinds of diseases associated with pain, cardiovascular 
disorders, inflammatory and metabolic diseases,29 as 
well as musculoskeletal conditions such as low back 
and hip pain in soccer players,30 chronic neck pain31, 
pain related to carpal tunnel syndrome.32 Myofascial 
decompression, as it is known in current Western 
medicine cultures, is a negative pressure soft tissue 
treatment technique utilized to manipulate the skin 
and fascial tissue. Using suction, the cups have the 
ability to grab and lift the fascia that may allow for 
lymphatic drainage of toxins, as well as stretching 
the fascial tissue.33 It is suggested that by using the 
appropriate cup size for the anatomical area being 
treated, there can be some relief of a deep fascial 
adhesion and allow for the muscle alone to move 
free of restriction.33 Recently researchers have found 
that cupping therapy could alter skin blood flow34, 
change the biomechanical properties of the skin35, 
increase pressure pain thresholds in the neck36 
and reduce inflammation.37 Despite low levels of 
clinical evidence, MFD is becoming a mainstream 
intervention for the treatment of musculoskeletal 
pain and dysfunction in sport. The mechanism of 
MFD is not completely understood, however some 
researchers suggest that placement of cups on 
selected acupoints on the skin produces hyperemia 
or hemostasis, which results in a therapeutic effect 
and that cupping therapy is of potential benefit for 
pain conditions.38  

Feldbauer et al. recently asserted that self-myofas-
cial release can be beneficial in significantly increas-
ing ROM of the lower extremity;39 however little is 
known about the effects of MFD in the rehabilitation 
of hamstring pathology and its impact in changes 
in flexibility. Williams et al. found no significant 
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leg raising.41 Additionally, the digital inclinometer 
has good inter-rater reliability in studies examining 
range of motion about the hip (ICC > 0.80)42 and 
according to manufacturer specifications, has a max-
imum error of ± 0.2°. 

Participants were positioned in a supine position on 
a padded plinth with care taken to ensure consist-
ency in subject positioning (arms crossed, spine in 
neutral position in the coronal plane, lower limbs 
in neutral abduction and rotation with the con-
tralateral leg secured to the table with straps). The 
examiner maintained full knee extension by apply-
ing pressure manually to the front of the knee until 
end range resistance was noted, and was maintained 
as the leg was passively raised into hip flexion (Fig-
ure 1). All passive range of motion assessments 
were performed by the same investigator who was 
blinded to seeing the values on the inclinometer dur-
ing testing. Patient-reported outcomes of perceived 
function and pain were assessed with the Perceived 
Functional Ability Questionnaire (PFAQ)43 and over-
all treatment effectiveness assessed by the Global 
Rating of Change Scale (GROC).44

Perception of Functional Ability 
Questionnaire (PFAQ)
The PFAQ contains six critical domains identified for 
the assessment of functional ability during a func-
tional task: physical health, flexibility, muscular 
strength, pain, restriction of sport, skill and activity 
of daily living performance.43 The instrument was 
developed by a panel of physicians, athletic train-
ers, and patients. Internal consistency was assessed 

[13 males (20.6+/–years; 184.9+/–cm; 90.8+/–
kg) and 4 females (20.5+/–years; 167.1+/–cm; 
62.7+/–kg)] with symptoms including tightness, 
pain, decreased strength, and decreased flexibility of 
the hamstrings voluntarily participated. Eight of the 
subjects were active in-season, with nine subjects 
participating in off-season training activities. Subjects 
were required to have one or more of the symptoms 
to be included: acute tightness after or during activ-
ity, pain, decreased strength, or decreased flexibility. 
Each subject was evaluated by the same certified ath-
letic trainer for hamstring pathology inclusion. All 
injuries were acute in nature and diagnosed as having 
minor severity. Subjects were able to continue with 
physical activity; however, did not receive any other 
form of treatment and refrained from strengthening 
exercise and therapeutic exercise 24 hours prior to 
the study. This study was approved by the Oklahoma 
State University’s Institutional Review Board for 
human subject research. Prior to assignment of treat-
ment groups, all subjects signed an informed consent 
agreeing to participate in the study. 

PROCEDURES
Participants who had never received cupping ther-
apy were randomly assigned to one of two interven-
tion groups by coin flip (nine assigned to the MFD 
group and eight to the SMR group). Due to nature 
of the independent variables, subjects were not 
blinded to the intervention applied but received brief 
instructions and education regarding the application 
of each respective treatment. Many studies have 
investigated the benefits of SMR using a foam roller 
to improve flexibility and range of motion about a 
joint. Since this modality has been accepted and is 
widely used as a means of improving flexibility, and 
with no studies to compare flexibility and outcome 
changes after MFD, the SMR technique served as 
the comparison or control for this study. Depend-
ent variables were assessed before and immediately 
after intervention, taking approximately two min-
utes to complete. Hamstring flexibility (ROM) was 
assessed via digital inclinometer (Mitutoyo Pro 360 
digital protractor; Andover, UK) secured to the ante-
rior tibia just distal to the tibial tuberosity in a supine 
straight-leg-raise position.41 The digital inclinometer 
has been demonstrated as having excellent valid-
ity in measuring range of motion during straight Figure 1. Hamstring fl exibility measurement technique.
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the hamstrings followed by 60 seconds of general 
foam rolling mobilization over the entire hamstring 
area, and 90 seconds of targeted foam rolling on 
the area of greatest perceived tightness. Subjects 
were instructed to apply enough pressure to feel a 
mobilization of the soft tissue, but not to the point 
of discomfort (Figure 4). A moist heat pack and 
foam rolling was chosen because of its common 
use as a treatment for hamstring injuries in athletic 
populations. 

for all items collectively (Cronbach’s alpha = 0.856), 
with a score of 0.8 considered good and 0.9 excellent.

GROC
The GROC establishes the effectiveness of treat-
ments by documenting the patient’s improvement 
or deterioration over time. Subjects were asked to 
select a phrase on the GROC that best described how 
they were feeling after their treatment. The scale 
was designed to quantify a patient’s improvement 
or deterioration over the given time to determine 
the effectiveness of the treatment based on the per-
ception of the subject.44 The scale has 15 possible 
answers ranging from +7 (“a very great deal better”) 
to –7 (“a very great deal worse”), with an option of 
0 (“about the same”).45 Jaeschke noted the clinical 
relevance of the scale, its adequate reproducibility, 
and sensitivity to change.44 The minimally clinically 
important change for the GROC has been established 
at ± 4 points.45

INTERVENTIONS
The MFD group received three minutes of static 
treatment using six plastic-valve suction cups along 
the length of the hamstrings (Figure 2), followed by 
active mobilization consisting of 10 repetitions of 
full-range active knee flexion with the cups in place 
(Figure 3) and 10 repetitions of passive straight leg 
raise with the cups in place to a hip angle of approx-
imately 45 degrees. Participants in the SMR group 
received 10 minutes of moist heat treatment over 

Figure 2. Myofascial decompression cups placed statically 
along hamstring muscle group.

Figure 3. Active knee fl exion performed by the subject with 
the cups attached.

Figure 4. Self-myofascial release (SMR) foam rolling tech-
nique.
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The Minimal Clinically Important Difference 
(MCID) was also assessed for the dependent varia-
bles. MCID relates to the smallest change in a clini-
cal outcome measure, which correlates to a person 
feeling ‘slightly better’ than the initially recorded 
state.47 In research that analyzes the therapeutic 
benefit of an intervention, the MCID is an impor-
tant statistic as it separates outcomes into success 
or failure and represents a level of therapeutic 
benefit significant enough to change clinical prac-
tice.48 An alpha level of significance was set at 0.05 
a priori. 

RESULTS
Ten athletes presented with right hamstring patholo-
gies and seven presented with left hamstring pathol-
ogies. Table 1 presents the means and standard 

STATISTICAL ANALYSES
Paired sample t-tests were used to compare mean 
differences in pretest and posttest measures of 
flexibility (ROM) and each of the PFAQ measures 
of functional perception. An independent sample 
t-test was used to evaluate differences in clinical 
effectiveness (GROC). Descriptive statistics were 
evaluated to determine outcomes as reported on the 
GROC. An ANOVA was used to compare differences 
between the two treatment groups. Effect sizes (ES) 
for ROM are reported as Cohen’s d using the guide-
lines of small (0.2), medium (0.5), and large (0.8).46 
Effect sizes for the ANOVAs are reported as omega 
squared values (ω2) using the guidelines of small 
(0.01), medium (0.06), and large (0.14).46 Confidence 
intervals (CI) at 95% were calculated to assess the 
magnitude of change for clinical meaningfulness. 

Table 1. Descriptive and Statistical Results (Paired Samples T-Test Overall Model) 
N=17.
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(Table 3 and Figure 6).

Subjects receiving MFD indicated a statistically 
significant higher score on the GROC compared to 
SMR (t = –3.42, p = 0.004, d = 1.66). Subjects in the 
MFD group indicated “moderately better” response 
to treatment, or a change of +4 points on the GROC 
scale44 demonstrating a clinical meaningful change45 
compared to those in the SMR group indicating “tiny 
bit better” to a “little bit better” (change of + 1–2 
scale points) (Figure 7).44 According to Fritz and 
Irrgang45 a clinically meaningful improvement on 
a 15-item GROC scale requires a difference of ±4 
score points.

DISCUSSION
This is the first study to investigate clinical out-
comes of myofascial decompression (cupping) ther-
apy in subjects with perceived tightness and range 
of motion limitations in the hamstrings. Because of 
limits in research design and poor research quality, 
the clinical evidence regarding cupping therapy is 
very low.28 Low evidence is available citing that cup-
ping therapy is effective on conditions of herpes zos-
ter, facial paralysis, acne and cervical spondylosis;38 

however, no studies to date have investigated the 
effects of MFD on hamstring pathology. 

Regardless of the treatment, an improvement in 
hamstring flexibility from pre to post intervention 
was observed. Hamstring flexibility was improved 
by an average of 4.42° for the MFD group and 3.67° 
for SMR. The calculated effect size for ROM in the 
MFD group was .28, indicating a small magnitude 
of difference in this significance.51 This differs from 
findings of Williams et al.45 that did not observe sig-
nificant changes in hamstring flexibility after seven 
minutes of therapeutic cupping. Potential explana-
tions for the lack of hamstring length improvement 
is that Williams et al.45 tested asymptomatic subjects 
that were otherwise considered healthy. It is possible 
that greater benefits in tissue motion are experienced 
after cupping in muscles that have a pathologic con-
dition or fascial adhesions. Additionally, the current 
study involved both static placement and dynamic 
movements during the cupping treatment, which 
may affect fascial tissue to a greater extent than a 
static placement alone. This bimodal treatment of 

deviations for all pre and post experimental condi-
tions. Aggregate data showed significant improve-
ments in ROM regardless of treatment (t = –3.10, 
p = 0.01, d = .24) (Table 1 and Figure 5). Answers to 
three of the eight patient-oriented questions on the 
PFAQ were also found to be statistically significantly 
different between participants (Table 1). Subjects 
indicated an overall improvement in perceived mus-
cular flexibility (t = –2.38, p = 0.03, d = .21), muscu-
lar flexibility of the affected body part (t = –5.83, 
p = 0.00, d = .85), and an overall improvement in 
muscular strength of the hamstrings (t = –2.31, 
p = 0.03, d = .37) regardless of which treatment they 
received.

Subjects in the MFD group (Table 2) showed a sig-
nificant improvement in ROM (t = –3.74, p= 0.01, 
d = .28) while no significant changes were noted for 
ROM in the SMR group (t =– 1.44, p = 0.19, d = .19). 
The MFD group also demonstrated significant 
changes in PFAQ measures of perception of over-
all muscular flexibility (t = –2.31, p =0.05, d = .35); 
perceived flexibility of the hamstrings (t = –5.66, 
p = 0.00, d = 1.06); and perceived strength of the 
hamstrings (t = –2.53, p = 0.03, d =.62). The SMR 
group also indicated significantly improved percep-
tions of hamstring flexibility (t = –3.42, p = 0.01, 
d = .61).

Between group comparisons showed no differences 
in ROM between MFD and SMR groups (F1,15 = .08, 
p = 0.79, ω2 = –.057) (Table 3). The only signifi-
cant between group difference observed was that 
subjects in the MFD group noted a greater percep-
tion of hamstring flexibility according to the PFAQ 
compared to SMR (F1,15 = 5.43, p =0.03, ω2 =.206) 

Figure 5. Hamstring fl exibility changes in after self-myofas-
cial release (SMR) and myofascial decompression (MFD). 
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MFD intervention group compared to a more static 
muscle length position in the SMR group. Although 
similar to the present study, Mikesky et al.49 found 
no increase in hamstring ROM after two minutes 
of self-administered roller massager, a comparable 
action to a foam roller yet a different SMR modality. 
Additionally, Couture et al.50 showed no significant 
differences between baseline knee extension ROM 
and the ROM present after foam rolling for either 
a short (2 sets of 10 sec) or long (4 sets of 30sec) 

cupping also differs from a more static position of 
the limb that was utilized with the SMR foam rolling. 
Foam rolling techniques are commonly performed 
in a static joint position with limited active move-
ments of the joints during the rolling technique. 
While a significant improvement was observed in 
the MFD group, the SMR group failed to achieve 
statistically significant improvements, which could 
be attributed somewhat to the differences in tis-
sue length created by the active movements in the 

Table 2. Descriptive data, Statistical comparisons (Paired Samples T-Tests) and Effect 
Sizes for pre- and post- measurements of ROM and Perceived Functional Ability 
Questionnaire (PFAQ) for both treatment groups.  [N=17, (SMR=8, MFD=9)]
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tissue stiffness, alteration in neuromuscular activity 
and a decreased inflammatory response.53 The fascia 
also contains mechanoreceptors and smooth muscle 
receptors that when stimulated may help in lower-
ing the sympathetic tone, leading to tonus changes 
in muscle.23 

Luigi Stecco54 states that fascia is the only tissue that 
modifies its consistency when under stress (plastic-
ity) and which is capable of regaining its elasticity 
when subjected to manipulation (malleability). Cup-
ping has the ability to grab and lift the fascia to allow 
for lymphatic drainage of toxins and more efficient 
exchange of nutrient rich blood, as well as stretch-
ing the fascial tissue.55 The friction created between 
the cups and the tissues may cause the fascia to 
increase in temperature and changes the viscosity 
of the fascia from a viscous gel to a more fluid like 
state.21 Manual therapy techniques treat the fascial 
layers by altering density, tonus, viscosity, and the 
arrangement of fascia.56–58 Purslow reported that the 

duration. To assess if changes in ROM satisfied a 
minimally clinically important difference (MCID) a 
change score equivalent to the MCID for ROM was 
calculated using the standard deviation of baseline 
scores multiplied by a small effect size of 0.2.51 Using 
these guidelines the MCID for ROM was calculated to 
be 3.19°. Thus after a single treatment using either 
MFD or SMR, the improvements noted in hamstring 
length may be considered clinically important, and 
enough improvement in range to positively change 
patient perception. 

It is not surprising that either technique improved 
ROM as both likely address the fascial component of 
the myofascial unit, but in different ways mechani-
cally. The skin and fascia are highly responsive 
structures, which allow them to play a major role in 
maintaining normal body function.52 There are sev-
eral physiological hypotheses as to how soft tissue 
mobilization works including increased blood flow, 
increased lymphatic drainage of toxins, reduced 

Table 3. Statistical comparisons between myofascial decompression (MFD) and self-myo-
fascial release (SMR) for ROM and Perceived Functional Ability Questionnaire (PFAQ) 
subjective measures.  [N=17, (SMR=8, MFD=9)]

2
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architectural arrangement of the muscle fibers and 
treating fascial fibers in multiple angles. The static 
and dynamic nature of the MFD treatment used in 
this study likely impacts multiple layers of the fascia 
that lie in a multitude of different directions. The 
SMR treatment protocol in the current study applied 
only a longitudinal direction of force applied to the 
fascia, thus perhaps limiting its effect on mobility. 
Future studies should investigate the impact of soft 
tissue mobilization on ROM taking into considera-
tion specific direction of fiber layering in their treat-
ment approach. 

Some researchers have suggested potential benefits 
for pain conditions using cupping.38 The MFD group 
in the current study experienced a higher therapeu-
tic effect than SMR as demonstrated by significantly 
higher score on the GROC scale compared to SMR. 
Although the average increase of 2.5 scale points 
between the two interventions was not enough to 
indicate a clinically meaningful difference in com-
parison to each other, the difference in four scale 
points observed in subjects receiving MFD indicates 

a clinically important change in hamstring flexibil-
ity.45 How a patient feels about their own body or 
injury is an important aspect of recovery. The GROC 
scale was utilized in attempt to gain an observable 
difference between how subjects felt after their treat-
ment in both the MFD and SMR groups. The subjec-
tive measure of the GROC scale allows the subject to 
consider what they feel is important.44 Subjects in the 
MFD group indicated they felt “moderately better” 
after treatment compared to those in the SMR group 
indicating they felt a “tiny bit better” to a “little bit 
better”. The way a patient cognitively assesses their 
injury can have an effect on their attitude toward 
rehabilitation of that injury and the rate of healing.64

Just as important are patient perceptions of improved 
function during treatment. Perceptions of improved 
flexibility were also noted in both treatment groups, 
though MFD demonstrated significantly higher per-
ceptions of improved hamstring flexibility compared 
to SMR. The effect size in this comparison was quite 
large (ω2 = .206) indicating a larger effect of MFD 
on perceived hamstring flexibility. Combined data 
revealed a large effect size for perceived flexibility 
of the hamstring overall regardless of treatment 
(d = .85). Effect sizes from the paired t-tests were 

multidirectional layers of collagen fibers and the 
architectural arrangement of muscle fibers is a key 
determinant of muscle tissue properties.59 Fibrocytes 
in the fascia respond to mechanical stretch through 
mechanotranduction60–62 with collagen fibers provid-
ing more resistance to reorientation as the fascia is 
stretched longitudinally.63 Thus it is important to 
utilize a multi-planar strategy to treat the fascial tis-
sues using cupping, or any myofascial manipulation 
technique. 

Foam rolling is mostly longitudinal, as in the case of 
the current study. However, the circular nature of 
the cups arranged in a multilinear fashion along the 
fascial line permits a multi-directional approach to 
the treatment application perhaps targeting a larger 

Figure 6. Subjects’ mean perception of fl exibility after a 
single treatment of myofascial decompression (MFD) and 
self-myofascial release (SMR).

Figure 7. Subjects’ mean scores on the Global Rating of 
Change (GROC) scale after a single treatment of self-myofas-
cial release (SMR) and myofascial decompression (MFD).
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they received. This could have introduced some bias 
in their subjective responses of the patient-oriented 
outcome scales as patients are more likely to have 
experienced or used a foam roller than a novel appli-
cation of a cupping treatment. The present study 
also did not control for force application of the foam 
rolling and subjects may not have exerted enough 
pressure to affect the soft tissue for an accurate 
comparison.

The lack of a control group, or sham intervention 
may have introduced bias in the study results by cre-
ating a placebo effect. Subject bias can take place 
by the mere attention and contact provided by the 
researchers, and without a true control group study 
design absolute results are uncertain. There is cur-
rently no sham intervention for MFD so another 
common soft tissue treatment for hamstring inju-
ries was selected. Finally, the small subject pool 
experiencing the selected pathology may not have 
fully represented hamstring pathology patients. The 
small number of individuals meeting the inclusion-
ary criteria of the study limited the ability to add 
an additional treatment group (control); therefore, 
multisite clinical studies may be necessary to meet 
these criteria. Large scale randomized clinical trial 
research is needed to further investigate the evi-
dence of MFD in the treatment of musculoskeletal 
pathologies. Given the positive acute outcomes asso-
ciated with this study, future research is warranted 
to further investigate the immediate and long-term 
outcomes associated with this therapy. Long-term 
follow-up results are needed to assess the full effec-
tiveness and lasting action of MFD on hamstring 
flexibility and function.

CONCLUSIONS
The results of this study indicate that both MFD and 
SMR are beneficial in making an acute clinically rel-
evant difference in hamstring flexibility after a single 
treatment in patients with complaints of hamstring 
pathology symptoms. Myofascial decompression 
appeared superior to heat and SMR application and 
can be used as an effective treatment modality to 
address limitations in hamstring flexibility. Subjec-
tive data from the patient-oriented outcome measures 
were positive showing that MFD has a strong effect 
on perceptions of overall flexibility, and flexibility 

also considered large effects independently (MFD 
d = 1.06; SMR d = .61). Weppler and Magnusson sug-
gested that increases in tissue extensibility likely 
do not from come affecting the mechanical proper-
ties of the muscle being stretched but result from 
changes in the individual’s perception of stretch or 
pain.65 This is known as the ‘sensory theory’ and it 
proposes that increases in muscle extensibility after 
stretching are due to modified sensation. Changes in 
fascial length and tension in response to MFD could 
modify such sensations. Based on the current find-
ings, clinicians can use MFD during a rehabilitation 
session to decrease a patient’s perception of pain or 
stiffness associated with the soft tissue injury and 
improve their attitude toward their healing. Accord-
ing to these results, MFD can enhance patient con-
fidence in their physical abilities more so than SMR 
by the added perceptions of decreased tightness in 
the affected area, thus allowing for better quality of 
work in the therapeutic setting. 

An interesting observation in this study is that sub-
jects that received MFD indicated a higher perception 
of strength in the hamstrings after one treatment. 
Studies have shown through fascial connections, 
muscle force transmission occurs between adjacent 
and even antagonistic muscles.66,67 The results of a 
systematic review by Cheatham et al. indicate that 
SMR using either foam rolling or roller massage 
may have short-term effects of increasing joint ROM 
without decreasing muscle performance.68 While 
changes in muscle force production were not tested 
in the current study, subjects indicated that they felt 
stronger in the treatment area after MFD compared 
to SMR using a foam roller. Actual changes in mus-
cular output should be investigated in future studies 
to see if strength is affected in any way after this 
technique is applied, or if acute strength deficits 
occur as has been observed with static stretching.69–72

While the outcomes of MFD may be considered clin-
ically relevant, there were limitations to this study. 
It could be argued the treatments were provided at 
sub-therapeutic doses and the interventions could be 
more effective if treatment dose were maximized. At 
this point, there is no research guiding the appropri-
ate dosage of MFD and more research should be done 
in this area. Participants were blinded to the ROM 
outcome measure, but not blinded to the treatment 



The International Journal of Sports Physical Therapy | Volume 15, Number 4 | August 2020 | Page 590

of the targeted treatment area. Patient self-reports 
indicated a moderate effect on perceived strength 
improvement and perceptions of feeling better after 
a single treatment of MFD to the hamstrings. Addi-
tional research is needed to further investigate clini-
cal outcomes of this contemporary and increasingly 
common treatment modality. Other factors including 
changes in muscular function and strength should 
be investigated in future studies. Because hamstring 
pathology is prevalent in sport there is a need to 
identify best practices in the prevention and treat-
ment of injury to this muscle group.
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ABSTRACT
Background: Myofascial decompression (MFD), or cupping, and self-myofascial release (SMR) are common techniques utilized to treat soft tissue 
injuries and increase flexibility. MFD is a negative pressure soft tissue treatment technique using suction to manipulate the skin and underlying 
soft tissues. One method of SMR is a foam roller, where a patient rolls his/her bodyweight over a dense foam cylinder in a self-massaging fashion 
to mobilize soft tissues for the body part treated.

Hypothesis/Purpose: The purpose of this investigation was to examine the acute effects on hamstring flexibility and patient-rated outcome mea-
sures comparing two soft tissue treatments, 1) MFD, and 2) a moist heat pack with SMR using a foam roller in patients with diagnosed hamstring 
pathology. 

Study Design: Pilot randomized controlled trial study. 

Methods: Seventeen collegiate athletes [13 males (20.6+/- years; 184.9+/-cm; 90.8+/-kg) and 4 females (20.5+/-years; 167.1+/-cm; 62.7+/-kg)] 
with diagnosed hamstring pathology (mild strain and/or symptoms of tightness, pain, decreased strength, and decreased flexibility) were randomly 
assigned to receive MFD or SMR. The MFD group (n=9) received three minutes of static treatment using six plastic-valve suction cups along the 
hamstrings followed by 20 repetitions of active movement with cups in place. SMR (n=8) received 10 minutes of heat treatment over the ham-
strings followed by 60 seconds of general mobilization over the entire hamstring area, and 90 seconds of targeted foam rolling on the area of most 
perceived tightness. Passive hamstring flexibility (ROM) and a patient-rated outcome measure [Perceived Functional Ability Questionnaire (PFAQ)] 
were assessed before and immediately after treatment. The Global Rating of Change measure (GROC) was administered post-intervention. 

Results: Passive ROM and subjective PFAQ measures for overall flexibility and flexibility of the hamstrings were significantly different from pre- to 
post-intervention measurements regardless of the treatment received. A significant difference was found in favor of the MFD group for the GROC 
values. 

Conclusion: The findings suggest that both treatments are beneficial in increasing hamstring length. Patients though felt an enhanced treatment 
effect using MFD over SMR for perceived benefits to hamstring flexibility.  

Levels of Evidence: Level 2

Keywords: myofascial decompression, cupping, self-myofascial release, foam roller, hamstring
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INTRODUCTION
Hamstring injuries are described as the third most 
common orthopedic problem after knee and ankle 
injuries, and often have a long recovery time and 
high risk of reinjury.1 Hamstring strains have been 
documented as the most common injury in the Aus-
tralian Football League2, the second most frequent 
injury in the National Football League pre-season 
camps,3and account for 6% of injuries in intercol-
legiate basketball.4 In the sport of track and field, 
hamstring strains accounted for 26% of all injuries 
sustained, with sprinting events being the most 
common.5 In the sport of soccer, a recent system-
atic review cited that hamstring injuries represent 
between 15 and 50% of all muscle injuries.6 Ham-
string strain injuries can cause a decrease in over-
all athletic performance7, 8 and significant time loss 
from participation,2,7, 9, 10 with one study citing time 
losses between one and seven days for minor injury, 
eight and 28 days for moderate, and greater than 28 
days for severe strains.8 

A commonly accepted risk factor for hamstring 
injury is inadequate extensibility within the poste-
rior thigh compartment.11,12 Incorporating stretching 
as part of a global aerobic warm-up prior to exercise 
is thought to decrease passive stiffness and increase 
range of movement during exercise.13 It is suggested 
that static and dynamic stretching before physical 
activity are equally effective at increasing range of 
motion and extensibility of the stretched muscle 
and soft tissues,13 which may in conjunction with 
a global warm-up, decrease the chance for muscu-
lotendinous injury.13–17 Flexibility may be hindered 
by a number of neuromuscular factors including 
changes in tendon length, length of muscle resulting 
from elongation and rotation of muscle fascicles, the 
reflexive passive resistance of the musculotendinous 
unit, reductions in stretch tolerance, as well as gen-
der and genetic differences.18 Additional limitations 
to flexibility include fascial restrictions.19, 20 Fascia 
can become restricted due to injury, inactivity, dis-
ease, or inflammation,19 and can lead to decreases in 
flexibility and increases in pain.19 

Various techniques of myofascial release are cur-
rently being used to alleviate the effects of fascial 
restrictions, with the purpose of manipulating the 
fascia to facilitate histological length changes to 

relieve fascial restriction symptoms such as pain 
and restricted ROM.20 This change in state allows for 
the breaking apart of fibrous adhesions between the 
different layers of the fascia and restores the soft tis-
sue extensibility.21 As fascia is disturbed, or begins to 
move, it becomes more fluid and less viscous, there-
fore, techniques of myofascial release are theorized 
to address muscular involvement and the thixotropic 
nature of fascia to return it to a softer and more plia-
ble state.21 By releasing its tightness through manual 
therapy or other techniques, pressure is relieved on 
these areas and blood circulation becomes normal.22 
Fascia is heavily innervated by sensory mechano-
receptors that when stimulated with manual pres-
sure has shown to lead to a lowering of sympathetic 
tonus as well as a change in local tissue viscosity.23 
Fascial manipulation stimulates type III and IV fas-
cial sensory nerve endings, which have been shown 
to induce changes in local vasodilation and changes 
in muscle tonus by resetting the gamma motor feed-
back loop to the central nervous system.24 

Manual therapy is known to alter the tissue tone and 
also to change the consistency of the ground sub-
stance, and therefore likely to affect the mechani-
cal properties of fascia by altering its viscoelastic, 
shock-absorbing and energy-absorbing properties.19 
The application of self-myofascial release has been 
shown to address the thixotropic properties of the 
fascia by increasing blood flow and reducing scar tis-
sue adhesions.20,25 One self-myofascial release tech-
nique that has been shown to increase flexibility 
prior to physical activity is a foam roller. The foam 
roller is a dense foam cylinder a patient rolls his/
her bodyweight over in a self-massaging fashion 
to increase ROM for the body part treated. As the 
individual rolls, the foam roller places direct and 
widespread compression on the soft-tissue, there-
fore causing the tissue to stretch and creating fric-
tion between the body and the foam roller.20 The 
friction causes the fascia to warm and take a more 
fluid like form, which in turn breaks up the fibrous 
adhesions that lay between the layers of connective 
tissue.21 It is hypothesized that during the rolling, 
direct sweeping pressure is exerted on the soft tis-
sue lengthening the fascia to stretch and increase 
ROM.20 Studies have demonstrated improvements in 
quadriceps flexibility by 10° after two, one-minute 
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changes in hamstring flexibility after cupping in 
asymptomatic or healthy individuals.40 While there 
is low-level evidence to support the use of self-myo-
fascial release using a foam roller to increase range 
of motion and flexibility in the lower extremity39, 
research is scant regarding the analysis of outcomes 
of MFD on flexibility and function in patients with 
hamstring pathology. 

To date there are no published studies to validate 
the effectiveness of MFD on hamstring flexibility. 
Therefore, the purpose of this investigation was to 
examine the acute effects on hamstring flexibility 
and patient-rated outcome measures comparing 
two soft tissue treatments, 1) MFD, and 2) a moist 
heat pack with SMR using a foam roller in patients 
with diagnosed hamstring pathology. The objectives 
of this study were twofold. The first objective was 
to determine if an acute bout of MFD is beneficial 
in improving flexibility and range of motion (ROM) 
of the hamstrings compared to self-myofascial 
release using a foam roller (SMR) on patients with 
diagnosed hamstring pathology. The second objec-
tive was to examine patient-reported perceptions 
of pain, flexibility and impact of a single treatment 
of MFD on their hamstring. In this study, the term 
“acute” refers to the time period immediately after 
treatment. This time point was chosen to demon-
strate how MFD could be used to improve symptoms 
experienced with hamstring pathology. 

METHODS

Design
This was a pilot randomized controlled trial study. A 
convenience sample of collegiate athletes with cur-
rent hamstring injury were recruited to participate. 
The independent variables were a single treatment 
of myofascial decompression cupping therapy, or a 
moist heat pack with self-myofascial release using 
a foam roller. The dependent variables were ham-
string flexibility, and patient-rated outcome meas-
ures of perceived changes utilizing the Perceived 
Functional Ability Questionnaire, and the Global 
Rating of Change instruments. 

PARTICIPANTS
Seventeen collegiate athletes participating in the 
sports of football, track, basketball, softball and baseball 

trails of foam rolling.20 Flexibility as measured by 
sit-and-reach has improved after foam rolling of the 
hamstrings and gluteal muscles.26 Foam rolling has 
also been found to decrease the perception and feel-
ings of post-exercise fatigue.27 

One treatment that is becoming more prevalent 
is myofascial decompression (MFD), traditionally 
known as “cupping therapy”. Cupping therapy is a 
traditional complementary and alternative medi-
cine technique used for thousands of years in coun-
tries such as China, Japan, Korea and Saudi Arabia.28 
Cupping therapy has been proven effective in many 
kinds of diseases associated with pain, cardiovascular 
disorders, inflammatory and metabolic diseases,29 as 
well as musculoskeletal conditions such as low back 
and hip pain in soccer players,30 chronic neck pain31, 
pain related to carpal tunnel syndrome.32 Myofascial 
decompression, as it is known in current Western 
medicine cultures, is a negative pressure soft tissue 
treatment technique utilized to manipulate the skin 
and fascial tissue. Using suction, the cups have the 
ability to grab and lift the fascia that may allow for 
lymphatic drainage of toxins, as well as stretching 
the fascial tissue.33 It is suggested that by using the 
appropriate cup size for the anatomical area being 
treated, there can be some relief of a deep fascial 
adhesion and allow for the muscle alone to move 
free of restriction.33 Recently researchers have found 
that cupping therapy could alter skin blood flow34, 
change the biomechanical properties of the skin35, 
increase pressure pain thresholds in the neck36 
and reduce inflammation.37 Despite low levels of 
clinical evidence, MFD is becoming a mainstream 
intervention for the treatment of musculoskeletal 
pain and dysfunction in sport. The mechanism of 
MFD is not completely understood, however some 
researchers suggest that placement of cups on 
selected acupoints on the skin produces hyperemia 
or hemostasis, which results in a therapeutic effect 
and that cupping therapy is of potential benefit for 
pain conditions.38  

Feldbauer et al. recently asserted that self-myofas-
cial release can be beneficial in significantly increas-
ing ROM of the lower extremity;39 however little is 
known about the effects of MFD in the rehabilitation 
of hamstring pathology and its impact in changes 
in flexibility. Williams et al. found no significant 
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leg raising.41 Additionally, the digital inclinometer 
has good inter-rater reliability in studies examining 
range of motion about the hip (ICC > 0.80)42 and 
according to manufacturer specifications, has a max-
imum error of ± 0.2°. 

Participants were positioned in a supine position on 
a padded plinth with care taken to ensure consist-
ency in subject positioning (arms crossed, spine in 
neutral position in the coronal plane, lower limbs 
in neutral abduction and rotation with the con-
tralateral leg secured to the table with straps). The 
examiner maintained full knee extension by apply-
ing pressure manually to the front of the knee until 
end range resistance was noted, and was maintained 
as the leg was passively raised into hip flexion (Fig-
ure 1). All passive range of motion assessments 
were performed by the same investigator who was 
blinded to seeing the values on the inclinometer dur-
ing testing. Patient-reported outcomes of perceived 
function and pain were assessed with the Perceived 
Functional Ability Questionnaire (PFAQ)43 and over-
all treatment effectiveness assessed by the Global 
Rating of Change Scale (GROC).44

Perception of Functional Ability 
Questionnaire (PFAQ)
The PFAQ contains six critical domains identified for 
the assessment of functional ability during a func-
tional task: physical health, flexibility, muscular 
strength, pain, restriction of sport, skill and activity 
of daily living performance.43 The instrument was 
developed by a panel of physicians, athletic train-
ers, and patients. Internal consistency was assessed 

[13 males (20.6+/–years; 184.9+/–cm; 90.8+/–
kg) and 4 females (20.5+/–years; 167.1+/–cm; 
62.7+/–kg)] with symptoms including tightness, 
pain, decreased strength, and decreased flexibility of 
the hamstrings voluntarily participated. Eight of the 
subjects were active in-season, with nine subjects 
participating in off-season training activities. Subjects 
were required to have one or more of the symptoms 
to be included: acute tightness after or during activ-
ity, pain, decreased strength, or decreased flexibility. 
Each subject was evaluated by the same certified ath-
letic trainer for hamstring pathology inclusion. All 
injuries were acute in nature and diagnosed as having 
minor severity. Subjects were able to continue with 
physical activity; however, did not receive any other 
form of treatment and refrained from strengthening 
exercise and therapeutic exercise 24 hours prior to 
the study. This study was approved by the Oklahoma 
State University’s Institutional Review Board for 
human subject research. Prior to assignment of treat-
ment groups, all subjects signed an informed consent 
agreeing to participate in the study. 

PROCEDURES
Participants who had never received cupping ther-
apy were randomly assigned to one of two interven-
tion groups by coin flip (nine assigned to the MFD 
group and eight to the SMR group). Due to nature 
of the independent variables, subjects were not 
blinded to the intervention applied but received brief 
instructions and education regarding the application 
of each respective treatment. Many studies have 
investigated the benefits of SMR using a foam roller 
to improve flexibility and range of motion about a 
joint. Since this modality has been accepted and is 
widely used as a means of improving flexibility, and 
with no studies to compare flexibility and outcome 
changes after MFD, the SMR technique served as 
the comparison or control for this study. Depend-
ent variables were assessed before and immediately 
after intervention, taking approximately two min-
utes to complete. Hamstring flexibility (ROM) was 
assessed via digital inclinometer (Mitutoyo Pro 360 
digital protractor; Andover, UK) secured to the ante-
rior tibia just distal to the tibial tuberosity in a supine 
straight-leg-raise position.41 The digital inclinometer 
has been demonstrated as having excellent valid-
ity in measuring range of motion during straight Figure 1. Hamstring fl exibility measurement technique.
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the hamstrings followed by 60 seconds of general 
foam rolling mobilization over the entire hamstring 
area, and 90 seconds of targeted foam rolling on 
the area of greatest perceived tightness. Subjects 
were instructed to apply enough pressure to feel a 
mobilization of the soft tissue, but not to the point 
of discomfort (Figure 4). A moist heat pack and 
foam rolling was chosen because of its common 
use as a treatment for hamstring injuries in athletic 
populations. 

for all items collectively (Cronbach’s alpha = 0.856), 
with a score of 0.8 considered good and 0.9 excellent.

GROC
The GROC establishes the effectiveness of treat-
ments by documenting the patient’s improvement 
or deterioration over time. Subjects were asked to 
select a phrase on the GROC that best described how 
they were feeling after their treatment. The scale 
was designed to quantify a patient’s improvement 
or deterioration over the given time to determine 
the effectiveness of the treatment based on the per-
ception of the subject.44 The scale has 15 possible 
answers ranging from +7 (“a very great deal better”) 
to –7 (“a very great deal worse”), with an option of 
0 (“about the same”).45 Jaeschke noted the clinical 
relevance of the scale, its adequate reproducibility, 
and sensitivity to change.44 The minimally clinically 
important change for the GROC has been established 
at ± 4 points.45

INTERVENTIONS
The MFD group received three minutes of static 
treatment using six plastic-valve suction cups along 
the length of the hamstrings (Figure 2), followed by 
active mobilization consisting of 10 repetitions of 
full-range active knee flexion with the cups in place 
(Figure 3) and 10 repetitions of passive straight leg 
raise with the cups in place to a hip angle of approx-
imately 45 degrees. Participants in the SMR group 
received 10 minutes of moist heat treatment over 

Figure 2. Myofascial decompression cups placed statically 
along hamstring muscle group.

Figure 3. Active knee fl exion performed by the subject with 
the cups attached.

Figure 4. Self-myofascial release (SMR) foam rolling tech-
nique.
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The Minimal Clinically Important Difference 
(MCID) was also assessed for the dependent varia-
bles. MCID relates to the smallest change in a clini-
cal outcome measure, which correlates to a person 
feeling ‘slightly better’ than the initially recorded 
state.47 In research that analyzes the therapeutic 
benefit of an intervention, the MCID is an impor-
tant statistic as it separates outcomes into success 
or failure and represents a level of therapeutic 
benefit significant enough to change clinical prac-
tice.48 An alpha level of significance was set at 0.05 
a priori. 

RESULTS
Ten athletes presented with right hamstring patholo-
gies and seven presented with left hamstring pathol-
ogies. Table 1 presents the means and standard 

STATISTICAL ANALYSES
Paired sample t-tests were used to compare mean 
differences in pretest and posttest measures of 
flexibility (ROM) and each of the PFAQ measures 
of functional perception. An independent sample 
t-test was used to evaluate differences in clinical 
effectiveness (GROC). Descriptive statistics were 
evaluated to determine outcomes as reported on the 
GROC. An ANOVA was used to compare differences 
between the two treatment groups. Effect sizes (ES) 
for ROM are reported as Cohen’s d using the guide-
lines of small (0.2), medium (0.5), and large (0.8).46 
Effect sizes for the ANOVAs are reported as omega 
squared values (ω2) using the guidelines of small 
(0.01), medium (0.06), and large (0.14).46 Confidence 
intervals (CI) at 95% were calculated to assess the 
magnitude of change for clinical meaningfulness. 

Table 1. Descriptive and Statistical Results (Paired Samples T-Test Overall Model) 
N=17.
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(Table 3 and Figure 6).

Subjects receiving MFD indicated a statistically 
significant higher score on the GROC compared to 
SMR (t = –3.42, p = 0.004, d = 1.66). Subjects in the 
MFD group indicated “moderately better” response 
to treatment, or a change of +4 points on the GROC 
scale44 demonstrating a clinical meaningful change45 
compared to those in the SMR group indicating “tiny 
bit better” to a “little bit better” (change of + 1–2 
scale points) (Figure 7).44 According to Fritz and 
Irrgang45 a clinically meaningful improvement on 
a 15-item GROC scale requires a difference of ±4 
score points.

DISCUSSION
This is the first study to investigate clinical out-
comes of myofascial decompression (cupping) ther-
apy in subjects with perceived tightness and range 
of motion limitations in the hamstrings. Because of 
limits in research design and poor research quality, 
the clinical evidence regarding cupping therapy is 
very low.28 Low evidence is available citing that cup-
ping therapy is effective on conditions of herpes zos-
ter, facial paralysis, acne and cervical spondylosis;38 

however, no studies to date have investigated the 
effects of MFD on hamstring pathology. 

Regardless of the treatment, an improvement in 
hamstring flexibility from pre to post intervention 
was observed. Hamstring flexibility was improved 
by an average of 4.42° for the MFD group and 3.67° 
for SMR. The calculated effect size for ROM in the 
MFD group was .28, indicating a small magnitude 
of difference in this significance.51 This differs from 
findings of Williams et al.45 that did not observe sig-
nificant changes in hamstring flexibility after seven 
minutes of therapeutic cupping. Potential explana-
tions for the lack of hamstring length improvement 
is that Williams et al.45 tested asymptomatic subjects 
that were otherwise considered healthy. It is possible 
that greater benefits in tissue motion are experienced 
after cupping in muscles that have a pathologic con-
dition or fascial adhesions. Additionally, the current 
study involved both static placement and dynamic 
movements during the cupping treatment, which 
may affect fascial tissue to a greater extent than a 
static placement alone. This bimodal treatment of 

deviations for all pre and post experimental condi-
tions. Aggregate data showed significant improve-
ments in ROM regardless of treatment (t = –3.10, 
p = 0.01, d = .24) (Table 1 and Figure 5). Answers to 
three of the eight patient-oriented questions on the 
PFAQ were also found to be statistically significantly 
different between participants (Table 1). Subjects 
indicated an overall improvement in perceived mus-
cular flexibility (t = –2.38, p = 0.03, d = .21), muscu-
lar flexibility of the affected body part (t = –5.83, 
p = 0.00, d = .85), and an overall improvement in 
muscular strength of the hamstrings (t = –2.31, 
p = 0.03, d = .37) regardless of which treatment they 
received.

Subjects in the MFD group (Table 2) showed a sig-
nificant improvement in ROM (t = –3.74, p= 0.01, 
d = .28) while no significant changes were noted for 
ROM in the SMR group (t =– 1.44, p = 0.19, d = .19). 
The MFD group also demonstrated significant 
changes in PFAQ measures of perception of over-
all muscular flexibility (t = –2.31, p =0.05, d = .35); 
perceived flexibility of the hamstrings (t = –5.66, 
p = 0.00, d = 1.06); and perceived strength of the 
hamstrings (t = –2.53, p = 0.03, d =.62). The SMR 
group also indicated significantly improved percep-
tions of hamstring flexibility (t = –3.42, p = 0.01, 
d = .61).

Between group comparisons showed no differences 
in ROM between MFD and SMR groups (F1,15 = .08, 
p = 0.79, ω2 = –.057) (Table 3). The only signifi-
cant between group difference observed was that 
subjects in the MFD group noted a greater percep-
tion of hamstring flexibility according to the PFAQ 
compared to SMR (F1,15 = 5.43, p =0.03, ω2 =.206) 

Figure 5. Hamstring fl exibility changes in after self-myofas-
cial release (SMR) and myofascial decompression (MFD). 
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MFD intervention group compared to a more static 
muscle length position in the SMR group. Although 
similar to the present study, Mikesky et al.49 found 
no increase in hamstring ROM after two minutes 
of self-administered roller massager, a comparable 
action to a foam roller yet a different SMR modality. 
Additionally, Couture et al.50 showed no significant 
differences between baseline knee extension ROM 
and the ROM present after foam rolling for either 
a short (2 sets of 10 sec) or long (4 sets of 30sec) 

cupping also differs from a more static position of 
the limb that was utilized with the SMR foam rolling. 
Foam rolling techniques are commonly performed 
in a static joint position with limited active move-
ments of the joints during the rolling technique. 
While a significant improvement was observed in 
the MFD group, the SMR group failed to achieve 
statistically significant improvements, which could 
be attributed somewhat to the differences in tis-
sue length created by the active movements in the 

Table 2. Descriptive data, Statistical comparisons (Paired Samples T-Tests) and Effect 
Sizes for pre- and post- measurements of ROM and Perceived Functional Ability 
Questionnaire (PFAQ) for both treatment groups.  [N=17, (SMR=8, MFD=9)]



The International Journal of Sports Physical Therapy | Volume 15, Number 4 | August 2020 | Page 587

tissue stiffness, alteration in neuromuscular activity 
and a decreased inflammatory response.53 The fascia 
also contains mechanoreceptors and smooth muscle 
receptors that when stimulated may help in lower-
ing the sympathetic tone, leading to tonus changes 
in muscle.23 

Luigi Stecco54 states that fascia is the only tissue that 
modifies its consistency when under stress (plastic-
ity) and which is capable of regaining its elasticity 
when subjected to manipulation (malleability). Cup-
ping has the ability to grab and lift the fascia to allow 
for lymphatic drainage of toxins and more efficient 
exchange of nutrient rich blood, as well as stretch-
ing the fascial tissue.55 The friction created between 
the cups and the tissues may cause the fascia to 
increase in temperature and changes the viscosity 
of the fascia from a viscous gel to a more fluid like 
state.21 Manual therapy techniques treat the fascial 
layers by altering density, tonus, viscosity, and the 
arrangement of fascia.56–58 Purslow reported that the 

duration. To assess if changes in ROM satisfied a 
minimally clinically important difference (MCID) a 
change score equivalent to the MCID for ROM was 
calculated using the standard deviation of baseline 
scores multiplied by a small effect size of 0.2.51 Using 
these guidelines the MCID for ROM was calculated to 
be 3.19°. Thus after a single treatment using either 
MFD or SMR, the improvements noted in hamstring 
length may be considered clinically important, and 
enough improvement in range to positively change 
patient perception. 

It is not surprising that either technique improved 
ROM as both likely address the fascial component of 
the myofascial unit, but in different ways mechani-
cally. The skin and fascia are highly responsive 
structures, which allow them to play a major role in 
maintaining normal body function.52 There are sev-
eral physiological hypotheses as to how soft tissue 
mobilization works including increased blood flow, 
increased lymphatic drainage of toxins, reduced 

Table 3. Statistical comparisons between myofascial decompression (MFD) and self-myo-
fascial release (SMR) for ROM and Perceived Functional Ability Questionnaire (PFAQ) 
subjective measures.  [N=17, (SMR=8, MFD=9)]

2
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architectural arrangement of the muscle fibers and 
treating fascial fibers in multiple angles. The static 
and dynamic nature of the MFD treatment used in 
this study likely impacts multiple layers of the fascia 
that lie in a multitude of different directions. The 
SMR treatment protocol in the current study applied 
only a longitudinal direction of force applied to the 
fascia, thus perhaps limiting its effect on mobility. 
Future studies should investigate the impact of soft 
tissue mobilization on ROM taking into considera-
tion specific direction of fiber layering in their treat-
ment approach. 

Some researchers have suggested potential benefits 
for pain conditions using cupping.38 The MFD group 
in the current study experienced a higher therapeu-
tic effect than SMR as demonstrated by significantly 
higher score on the GROC scale compared to SMR. 
Although the average increase of 2.5 scale points 
between the two interventions was not enough to 
indicate a clinically meaningful difference in com-
parison to each other, the difference in four scale 
points observed in subjects receiving MFD indicates 

a clinically important change in hamstring flexibil-
ity.45 How a patient feels about their own body or 
injury is an important aspect of recovery. The GROC 
scale was utilized in attempt to gain an observable 
difference between how subjects felt after their treat-
ment in both the MFD and SMR groups. The subjec-
tive measure of the GROC scale allows the subject to 
consider what they feel is important.44 Subjects in the 
MFD group indicated they felt “moderately better” 
after treatment compared to those in the SMR group 
indicating they felt a “tiny bit better” to a “little bit 
better”. The way a patient cognitively assesses their 
injury can have an effect on their attitude toward 
rehabilitation of that injury and the rate of healing.64

Just as important are patient perceptions of improved 
function during treatment. Perceptions of improved 
flexibility were also noted in both treatment groups, 
though MFD demonstrated significantly higher per-
ceptions of improved hamstring flexibility compared 
to SMR. The effect size in this comparison was quite 
large (ω2 = .206) indicating a larger effect of MFD 
on perceived hamstring flexibility. Combined data 
revealed a large effect size for perceived flexibility 
of the hamstring overall regardless of treatment 
(d = .85). Effect sizes from the paired t-tests were 

multidirectional layers of collagen fibers and the 
architectural arrangement of muscle fibers is a key 
determinant of muscle tissue properties.59 Fibrocytes 
in the fascia respond to mechanical stretch through 
mechanotranduction60–62 with collagen fibers provid-
ing more resistance to reorientation as the fascia is 
stretched longitudinally.63 Thus it is important to 
utilize a multi-planar strategy to treat the fascial tis-
sues using cupping, or any myofascial manipulation 
technique. 

Foam rolling is mostly longitudinal, as in the case of 
the current study. However, the circular nature of 
the cups arranged in a multilinear fashion along the 
fascial line permits a multi-directional approach to 
the treatment application perhaps targeting a larger 

Figure 6. Subjects’ mean perception of fl exibility after a 
single treatment of myofascial decompression (MFD) and 
self-myofascial release (SMR).

Figure 7. Subjects’ mean scores on the Global Rating of 
Change (GROC) scale after a single treatment of self-myofas-
cial release (SMR) and myofascial decompression (MFD).
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they received. This could have introduced some bias 
in their subjective responses of the patient-oriented 
outcome scales as patients are more likely to have 
experienced or used a foam roller than a novel appli-
cation of a cupping treatment. The present study 
also did not control for force application of the foam 
rolling and subjects may not have exerted enough 
pressure to affect the soft tissue for an accurate 
comparison.

The lack of a control group, or sham intervention 
may have introduced bias in the study results by cre-
ating a placebo effect. Subject bias can take place 
by the mere attention and contact provided by the 
researchers, and without a true control group study 
design absolute results are uncertain. There is cur-
rently no sham intervention for MFD so another 
common soft tissue treatment for hamstring inju-
ries was selected. Finally, the small subject pool 
experiencing the selected pathology may not have 
fully represented hamstring pathology patients. The 
small number of individuals meeting the inclusion-
ary criteria of the study limited the ability to add 
an additional treatment group (control); therefore, 
multisite clinical studies may be necessary to meet 
these criteria. Large scale randomized clinical trial 
research is needed to further investigate the evi-
dence of MFD in the treatment of musculoskeletal 
pathologies. Given the positive acute outcomes asso-
ciated with this study, future research is warranted 
to further investigate the immediate and long-term 
outcomes associated with this therapy. Long-term 
follow-up results are needed to assess the full effec-
tiveness and lasting action of MFD on hamstring 
flexibility and function.

CONCLUSIONS
The results of this study indicate that both MFD and 
SMR are beneficial in making an acute clinically rel-
evant difference in hamstring flexibility after a single 
treatment in patients with complaints of hamstring 
pathology symptoms. Myofascial decompression 
appeared superior to heat and SMR application and 
can be used as an effective treatment modality to 
address limitations in hamstring flexibility. Subjec-
tive data from the patient-oriented outcome measures 
were positive showing that MFD has a strong effect 
on perceptions of overall flexibility, and flexibility 

also considered large effects independently (MFD 
d = 1.06; SMR d = .61). Weppler and Magnusson sug-
gested that increases in tissue extensibility likely 
do not from come affecting the mechanical proper-
ties of the muscle being stretched but result from 
changes in the individual’s perception of stretch or 
pain.65 This is known as the ‘sensory theory’ and it 
proposes that increases in muscle extensibility after 
stretching are due to modified sensation. Changes in 
fascial length and tension in response to MFD could 
modify such sensations. Based on the current find-
ings, clinicians can use MFD during a rehabilitation 
session to decrease a patient’s perception of pain or 
stiffness associated with the soft tissue injury and 
improve their attitude toward their healing. Accord-
ing to these results, MFD can enhance patient con-
fidence in their physical abilities more so than SMR 
by the added perceptions of decreased tightness in 
the affected area, thus allowing for better quality of 
work in the therapeutic setting. 

An interesting observation in this study is that sub-
jects that received MFD indicated a higher perception 
of strength in the hamstrings after one treatment. 
Studies have shown through fascial connections, 
muscle force transmission occurs between adjacent 
and even antagonistic muscles.66,67 The results of a 
systematic review by Cheatham et al. indicate that 
SMR using either foam rolling or roller massage 
may have short-term effects of increasing joint ROM 
without decreasing muscle performance.68 While 
changes in muscle force production were not tested 
in the current study, subjects indicated that they felt 
stronger in the treatment area after MFD compared 
to SMR using a foam roller. Actual changes in mus-
cular output should be investigated in future studies 
to see if strength is affected in any way after this 
technique is applied, or if acute strength deficits 
occur as has been observed with static stretching.69–72

While the outcomes of MFD may be considered clin-
ically relevant, there were limitations to this study. 
It could be argued the treatments were provided at 
sub-therapeutic doses and the interventions could be 
more effective if treatment dose were maximized. At 
this point, there is no research guiding the appropri-
ate dosage of MFD and more research should be done 
in this area. Participants were blinded to the ROM 
outcome measure, but not blinded to the treatment 
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of the targeted treatment area. Patient self-reports 
indicated a moderate effect on perceived strength 
improvement and perceptions of feeling better after 
a single treatment of MFD to the hamstrings. Addi-
tional research is needed to further investigate clini-
cal outcomes of this contemporary and increasingly 
common treatment modality. Other factors including 
changes in muscular function and strength should 
be investigated in future studies. Because hamstring 
pathology is prevalent in sport there is a need to 
identify best practices in the prevention and treat-
ment of injury to this muscle group.

REFERENCES
1. Sherry MA, Best TM. A comparison of 2 

rehabilitation programs in the treatment of acute 
hamstring strains. J Orthop Sports Phys Ther. 
2004;34(3):116-125.

2. Orchard JW, Seward H, Orchard JJ. Results of 2 
decades of injury surveillance and public release of 
data in the Australian Football League. Am J Sports 
Med. 2013;41:734-741.

3. Feeley BT, Kennelly S, Barnes RP et al. Epidemiology 
of National Football League training camp injuries 
from 1998 to 2007. Am J Sports Med. 2008;36(8):1597-
1603.

4. Meeuwisse WH, Sellmer R, Hagel BE. Rates and 
risks of injury during intercollegiate basketball. Am J 
Sports Med. 2003;31(3):379-385.

5. Drezner J, Ulager J, Sennett MD. Hamstring muscle 
injuries in track and fi eld athletes: a 3-year study at 
the Penn Relay Carnival [abstract]. Clin J Sport Med. 
2005;15(5):386.

6. Al Attar WS, Soomro N, Sinclair PJ, Pappas E, 
Sanders RH. Effect of injury prevention programs 
that include the Nordic Hamstring Exercise on 
hamstring injury rates in soccer players: A 
Systematic Review and Meta-Analysis. Sports Med. 
2017;47:907-916.

7. Engebretsen AH, Myklebust G, Holme I, et al. 
Intrinsic risk factors for hamstring injuries among 
male soccer players: a prospective cohort study. Am 
J Sports Med. 2010;38(6):1147-53.

8. Verrall GM, Kalairajah Y, Slavotinek JP, et al. 
Assessment of player performance following return 
to sport after hamstring muscle strain injury. J Sci 
Med Sport. 2006;9(1-2):87-90.

9. Brooks JH, Fuller CW, Kemp SP, et al. Incidence, 
risk, and prevention of hamstring muscle injuries in 
professional rugby union. Am J Sports Med. 
2006;34(8):1297-306.       

10. Woods C, Hawkins RD, Maltby S, et al. The Football 
Association Medical Research Programme: an 
audit of injuries in professional football. Analysis 
of hamstring injuries. Br J Sports Med. 
2004;38(1):36-41. 

11. Davis DS, Ashby PE, McCale KL, McQuain, JA, 
Wine, JM. The effectiveness of 3 stretching 
techniques on hamstring fl exibility using consistent 
stretching parameters. J Strength Cond Res. 
2005;19(1):27-32. 

12. Decoster LC, Scanlon RL, Horn KD, et al. Standing 
and supine hamstring stretching are equally 
effective. J Athl Train. 2004;39(4):330-334. 

13. Page P. Current concepts in muscle stretching for 
exercise and rehabilitation. Int J Sports Phys Ther. 
2012;7(1):109-119.

14. Halbertsma, JP, Mulder I, Goeken LN, et al. 
Repeated passive stretching: acute effect on the 
passive muscle moment and extensibility of short 
hamstrings. Arch Phys Med Rehabil. 1999;80(4):407-
414. 

15. Hartig DE, Henderson JM. Increasing hamstring 
fl exibility decreases lower extremity overuse injuries 
in military basic trainees. Am J Sports Med. 
1999;27(2):173-176.

16. Ross M. Effect of lower-extremity position and 
stretching on hamstring muscle fl exibility. J Strength 
Cond Res. 1999;13(2):124-129.

17. Park HK, Jung MK, Park E, Lee CY, et al. The effect 
of warm-ups with stretching on the isokinetic 
moments of collegiate men. J Exerc Rehabil. 
2018;14(1):78-82. 

18.  Blazevich AJ, Cannavan D, Waugh CM, Fath F, et al. 
Neuromuscular factors infl uencing the maximum 
stretch limit of the human plantar fl exors. J Appl 
Physiol. 2012;113:1446-1455. 

19. Barnes MF. The basic science of myofascial release: 
Morphologic change in connective tissue. J Bodyw 
Mov Ther. 1997;1(4):231-238. 

20. MacDonald GZ, Penney MDH, Mullaley ME, et al. 
An acute bout of self-myofascial release increases 
range of motion without a subsequent decrease in 
muscle activation or force. J Strength Cond Res. 
2013;27(3):812-821.

21. Sefton J. Myofascial release for athletic trainers, part 
I: theory and session guidelines. Athl Ther Today. 
2004;9(1):48–49.

22. Walton A. Effi cacy of myofascial release techniques 
in the treatment of primary Raynaud’s phenomenon. 
J Bodyw Mov Ther. 2008;12:274-280.

23. Schleip R. Fascial plasticity – a new neurobiological 
explanation Part 1. J Bodyw Mov Ther. 2003;7(1):11-19.



The International Journal of Sports Physical Therapy | Volume 15, Number 4 | August 2020 | Page 591

Li, Taiwan. http://ieeexplore.ieee.org/
document/6820906/. Accessed July 26, 2017.

38. Cao H, Li X, Liu J. An Updated Review of the 
Effi cacy of Cupping Therapy. PLoS ONE. 2012; 7(2): 
e31793. doi:10.1371/journal.pone.0031793.

39. Feldbauer CM, Smith BA, Van Lunen B. The effects 
of self-myofascial release on fl exibility of the lower 
extremity: A critically appraised topic. Int J Athl Ther 
Train. 2015;20(2):14-19.

40. Williams JG, Gard HI, Gregory JM, et al. The effects 
of cupping on hamstring fl exibility in collegiate 
soccer players. J Sport Rehabil. 2019;28(4):350-353. 

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

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

43. Vardiman JP, Siedlik J, Herda T, et al. Instrument-
assisted soft tissue mobilization: Effects on the 
properties of human plantar fl exors. Int J Sports Med. 
2015;36(3):197-203.

44. Jaeschke R, Singer J, Guyatt GH. Measurement of 
health status. Ascertaining the minimal clinically 
important difference. Control Clin Trials. 
1989;10(4):407-415.

45. Fritz JM, Irrgang JJ. A comparison of a modifi ed 
Oswestry Low Back Pain Disability questionnaire 
and the Quebec Back Pain Disability Scale. Phys 
Ther. 2001;81(2):776-788.

46. Cohen J. Statistical Power Analysis for the Behavioral 
Sciences. 2nd ed. New York, NY: Routledge; 1988. 

47. Salaffi  F, Stancati A, Silvestri CA, et al. Minimal 
clinically important changes in chronic 
musculoskeletal pain intensity measured on a 
numerical rating scale. Eur J Pain. 2004;8(4):283-291.

48. Beaton DE, Boers M, Wells GA. Many faces of the 
minimal clinically important difference (MCID): a 
literature review and directions for future research. 
Curr Opin Rhematol. 2002;14:109-114.

49. Mikesky AE, Bahamonde RE, Stanton K, et al. Acute 
effects of the stick on strength, power, and fl exibility. 
J Strength Cond Res. 2002;16(3):446-450.

50. Couture G, Karlik D, Glass SC, et al. The effect of 
foam rolling duration on hamstring range of motion. 
Open Orthop J. 2015;9:450-455.

51. Sasma G, Edelman D, Rothman ML, et al. 
Determining clinically important differences in 
health status measures. A general approach with 
illustration to the Health Utilities index Mark II. 
Pharmacoeconomics. 1999;15:141-155.

24. Schleip R. Fascial plasticity – a new neurobiological 
explanation Part 2. J Bodyw Mov Ther. 2003;7(2):104-
116.

25.  Okamoto T, Masuhara M, Ikuta K. Acute effects of 
self-myofascial release using a foam roller on arterial 
function. J Strength Cond Res. 2014;28(1):69–73. 

26. Behara B, Jacobson BH. Acute effects of deep tissue 
foam rolling and dynamic stretching on muscular 
strength, power, and fl exibility in Division I lineman. 
J Strength Cond Res. 2017;31(4):888-892. 

27. Healey KC, Hatfi eld DL, Blanpied P, et al. The 
effects of myofascial release with foam rolling on 
performance. J Strength Cond Res. 2014;28(1):61-68.

28. Chen B, Li MY, Liu PD, et al. Alternative medicine: 
an update on cupping therapy. Q J Med. 
2015;108:523–525. 

29. Qureshi NA, Ali GI, Abushanab TS, et al. History of 
cupping (Hijama): a narrative review of literature. J 
Integr Med. 2017;15(3):172–181.

30. Bridgett R, Klose P, Duffi eld R, et al. Effects of 
cupping therapy in amateur and professional 
athletes: systematic review of randomized controlled 
trials. J Altern Complement Med. 2018;24(3):208-219. 

31. Lauche R, Cramer H, Choi K-E, et al. The infl uence 
of a series of fi ve dry cupping treatments on pain 
and mechanical thresholds in patients with chronic 
non-specifi c neck pain—a randomised controlled 
pilot study. BMC Complement Altern Med. 2011;11:63

32. Michalsen A, Bock S, Lüdtke R, et al. Effects of 
traditional cupping therapy in patients with carpal 
tunnel syndrome: a randomized controlled trial. J 
Pain. 2009;10(6):601-608.

33. Tham LM, Lee HP, Lu C. Cupping: from a 
biomechanical perspective. J Biomech. 
2006;39(12):2183-2193.

34. Liu W, Piao S, Meng X, et al. Effects of cupping on 
blood fl ow under skin of back in healthy human. 
World J Acupuncture Moxibustion. 2013;23:50–52.

35. Roostayi MM, Norouzali T, Manshadi FD, et al. 
The effects of cupping therapy on skin’s 
biomechanical properties in wistar rats. Chinese 
Medicine. 2016;7:25-30.

36. Emerich M, Braeunig M, Clement HW, et al. Mode of 
action of cupping—local metabolism and pain 
thresholds in neck pain patients and healthy 
subjects. Complement Ther Med. 2014;22:148–58.

37. Lin ML, Lin CW, Hsieh YH, et al. Evaluating the 
effectiveness of low level laser and cupping on low 
back pain by checking the plasma cortisol level. 
Paper presented at: 2014 IEEE International 
Symposium on Bioelectronics and Bioinformatics 
(IEEE ISBB 2014); April 11-14, 2014; location; Chung 



The International Journal of Sports Physical Therapy | Volume 15, Number 4 | August 2020 | Page 592

64. Wiese-Bjornstal DM. Psychology and socioculture 
affect injury risk, response, and recovery in high-
intensity athletes: a consensus statement. Scand J 
Med Sci Sports. 2010;20 Suppl 2:103-111.

65. Weppler CH, Magnusson SP. Increasing muscle 
extensibility: a matter of increasing length or 
modifying sensation? Phys Ther. 2010;90:438–449.

66.  Huijing, PA. Epimuscular myofascial force 
transmission: a historical review and implications 
for new research. International Society of 
Biomechanics Muybridge Award Lecture, Taipei, 
2007. J Biomech. 2009;42(1):9-21.

67. Maas H, Sandercock TG. Force transmission between 
synergistic skeletal muscles through connective 
tissue linkages. J Biomed Biotechnol. Volume 2010, 
Article ID 575672, 9 pages. http://dx.doi.
org/10.1155/2010/575672.

68. Cheatham SW, Kolber MJ, Cain M, et al. The effects 
of self-myofascial release using a foam roll or roller 
massager on joint range of motion, muscle recovery, 
and performance: A systematic review. Int J Sports 
Phys Ther. 2015;10(6):827-838.

69. Shrier I. Does stretching improve performance? A 
systematic and critical review of the literature. Clin J 
Sport Med. 2004;14(5):267-273.

70. Weir DE, Tingley J, Elder GC. Acute passive 
stretching alters the mechanical properties of 
human plantar fl exors and the optimal angle for 
maximal voluntary contraction. Eur J Appl Physiol. 
2005;93(5-6):614-623.

71. Alpkaya U, Koceja D. The effects of acute static 
stretching on reaction time and force. J Sports Med 
Phys Fitness. 2007;47(2):147-150.

72. Young W, Elias G, Power J. Effects of static stretching 
volume and intensity on plantar fl exor explosive 
force production and range of motion. J Sports Med 
Phys Fitness. 2006;46(3):403-411.

  

52.  Benjamin M. The fascia of the limbs and back - a 
review. J Anat. 2009;214(1):1-18.

53. Weerapong P, Hume PA, Kolt GS. The mechanisms of 
massage and effects on performance, muscle 
recovery and injury prevention. Sports Med. 
2005;35:235-256.

54. Stecco L. 2004. Fascial Manipulation for 
Musculoskeletal Pain. PICCIN, Italy, ISBN 88-299-
1697-8. p11.

55. Ahmadi A, Schwebel DC, Rezaei M. The effi cacy of 
wet-cupping in the treatment of tension and 
migraine headache. Am J Chin Med. 2008;36(1):37-44.

56. Simmonds N, Miller P, Gemmell H. A theoretical 
framework for the role of fascia in manual therapy. 
J Bodyw Mov Ther. 2012;16:83-93.

57. Pohl H. Changes in the structure of collagen 
distribution in the skin caused by a manual 
technique. J Bodyw Mov Ther. 2010;14(1):27-34.

58. Crane JD, Ogborn DI, Cupido C, et al. Massage 
therapy attenuates infl ammatory signaling after 
exercise-induced muscle damage. Sci Transl Med. 
2012;4(119):119ra13.

59. Purslow PP. Muscle fascia and force transmission. 
J Bodyw Mov Ther. 2010;14(4):411-417.

60. Ingber DE. Tensegrity II. How structural networks 
infl uence cellular information processing networks. 
J Cell Sci. 2003;116:1397-1408. 

61. Chiquet M, Tunc-Civelek V, Sarasa-Renedo A. Gene 
regulation by mechanotransduction in fi broblasts. 
Appl Physiol Nutr Metab. 2007;32:967-973. 

62. Eagan TS, Meltzer KR, Standley PR. Importance of 
strain direction in regulating human fi broblast 
proliferation and cytokine secretion: a useful in vitro 
model for soft tissue injury and manual medicine 
treatments. J Manip Physiol Ther. 2007;30:584-592.

63. Chaudhry H, Roman M, Stecco A, et al. 
Mathematical Model of Fiber Orientation in 
anisotropic fascia layers at large displacements. 
J Bodyw Mov Ther. 2012;16(2):158-164. 



ABSTRACT

Background: The incidence of anterior cruciate ligament (ACL) injuries has been estimated at 1 in 3500 individuals in the 
literature. Second ACL tears represent 7-14% of all ACL tears. The location of ACL tears has been noted to be primarily 
proximal.

Purpose: The purpose of this study was to corroborate previous data as well as to add novel data to the literature regarding 
the location of ACL tears, risk factors associated with second ACL tears, and correlation between hearing a “pop” at the time 
of injury and concomitant injuries.

Study Design: Epidemiologic Review

Methods: A geographic database containing the medical records of individuals in a rural county in Midwest, USA was utilized 
to identify ACL injuries that occurred in the county from 2011 to 2016. A total of 743 ACL injuries were identified, which were 
reviewed and stratified by primary and second tears, sex, race, age, activity level, number of “pops” heard at time of injury, 
side of injury, location of tear, graft type used in reconstruction, location of fixation, and concomitant injuries.

Findings: ACL tear location was noted to be primarily midsubstance (44.1%) or proximal (34.1%). The majority of individu-
als (56.3%) who reported hearing “multiple pops” at the time of injury sustained multiple types of concomitant injuries. The 
incidence of second ACL tears was 16.8% of total ACL injuries. Second ACL tears were associated with multiple factors, 
including tear type (p <0.015) and tear location (p <0.022). When comparing primary versus second ACL tears, no signifi-
cant difference in concomitant injuries was noted.

Conclusions: The majority of ACL tears (78.2%) occur in the midsubstance or proximal fibers. Hearing multiple “pops” at 
the time of injury may be associated with more concomitant injuries. The incidence of second ACL tears in this population 
was comparable to previous studies. Second ACL injuries differed statistically from primary injuries in association with tear 
type and location.

Level of Evidence: 2C

Keywords: anterior cruciate ligament (ACL); graft tear; epidemiology; incidence; second tear, concomitant; movement 
system
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at the time of injury and concomitant injuries with 
the hope that increased understanding of second 
ACL tears and associated risk factors will facilitate 
advancements in the prevention and treatment of 
ACL tears.

METHODS
A geographic database was utilized to conduct this 
study.27 This database contains the complete medi-
cal records of all individuals who have received 
medical care in a rural county in the Midwest region 
of the United States. This database included nearly 
150,000 individuals with an estimated 95% having 
consented for inclusion in the database. This pro-
vides a nearly comprehensive look at the epidemi-
ology of the local population. Since its inception in 
1966, more than 2,700 publications have made use 
of this database. IRB approval was obtained from the 
medical entities which provide patient data to the 
database.

For this study, the database was searched by Interna-
tional Classification of Diseases, 10th Revision (ICD-
10) billing codes consistent with ACL tears from 
January 1, 2011 through December 31, 2016. Our 
initial search returned 1240 records. Entries that did 
not meet inclusion criteria were discarded (497 of 
1240). Inclusion criteria included new diagnosis of 
an acute or chronic ACL tear in individuals living 
within the geographic boundaries of the database. 
ACL tears diagnosed between 2011 and 2016 that 
were diagnosed greater than two years previously 
were excluded. Individuals who did not consent for 
their data to be used in the database were also not 
included. Separate entries were created for each 
unique ACL injury. In total, there were 743 qualify-
ing entries, which were investigated on a case by 
case basis via review of the medical record.

Documents including clinical evaluations, magnetic 
resonance imaging (MRI) impressions, and opera-
tive reports were reviewed and details regarding 
these injuries, including sex, age, activity level, side 
of injury, and graft type used in reconstruction were 
recorded. Additional demographic factors included 
in this report that were not included in previous 
reports included race, weight, smoking status, num-
ber of pops heard at time of injury, location of ACL 
tear, concomitant cartilage and ligament injuries, 

INTRODUCTION
Anterior cruciate ligament (ACL) tears are injuries 
that continue to have a significant social and eco-
nomic impact in the United States. Approximately 
113,000 initial visits for anterior cruciate ligament 
injuries occur in the U.S every year, with approxi-
mately 75,000 eventually undergoing surgical recon-
struction.1,2,3 Annual reported incidence in the U.S 
is approximately 68.6 per 100,000 person-years, 
although actual incidence may be higher.4 Athletes 
are at higher risk for ACL injury, and as many as 50% 
of individuals who sustain ACL tears will develop 
osteoarthritis within 10 years, which can add further 
cost.5,6

The gold standard for treatment following ACL injury 
is ACL reconstruction (ACLR) surgery. The aver-
age length of rehabilitation following ACLR is nine 
months to greater than one year.7,8 There is signifi-
cant cost associated with ACLR, as one study found 
mean lifetime cost to society to average $38,121 
USD per individual.9 Total cost of care for all ACL 
tears nationally is estimated to be in excess of $2 bil-
lion annually.10,11,12 Additionally, greater than 7% of 
ACL reconstructions occur in the inpatient setting, 
further increasing cost.13 Given the relatively high 
incidence as well as significant personal and societal 
impact of ACL tears, numerous studies have been 
conducted regarding this injury.11-12,14-18

Primary injuries account for 86-93% of total ACL 
tears while second injuries, defined as a subsequent 
ACL injury to the ipsilateral or contralateral ACL 
after primary injury, account for 7-14%.6-7,19 Second 
ACL tears, or subsequent ipsilateral or contralateral 
ACL tears, have been previously associated with fear 
of returning to sport and increased risk of retear.19-24 
Regarding tear location, it has been noted that the 
location of all tears is primarily proximal at 72%,25 
although differences between adult and pediatric 
populations have been noted.26

This report utilizes a geographic database to exam-
ine individuals within the database who sustained 
ACL tears from 2011 through 2016. The purpose of 
this study was to corroborate previous data as well 
as add novel data to the literature regarding the loca-
tion of ACL tears, risk factors associated with second 
ACL tears, and correlation between hearing a “pop” 
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significance was set at p<0.05 and statistical trends 
are as listed in individual figures.

RESULTS
From 2011 through 2016, there were 743 unique ACL 
tears included in the database. Males accounted for 
400 (53.8%) of these tears, while females sustained 
343 (46.2%). Mean age was 31.8 years old with a 
standard deviation of +14.1 years (Table 1). Of total 
individuals included in the study, 85.6% self-iden-
tified as white, while the remaining 14.4% identi-
fied as either black (5.1%), Asian (3.9%), or other/
unknown (5.4%). Regarding laterality, ACL tears, 
including primary and second tears, occurred in the 
right and left sides with equal frequency (50.1% ver-
sus 49.9%, respectively) (P=0.76).

Complete tears of the ACL fibers constituted the 
vast majority (79.0%) of ACL tears (p=0.02). Partial 
tears represented 17.9% of tears and 3.1% of tear 
types were unknown. Regarding the injury location, 
487 tears had a documented tear location while 256 
tears did not have a tear location specified. Of docu-
mented tear locations, the majority occurred in the 
midsubstance (44.1%) or proximal (34.1%) fibers of 
the ligament. Femoral avulsion tears accounted for 
13.6% of tears. Distal and tibial avulsion tears were 
least common, at 5.9% and 2.3% respectively.

and location of graft fixation. Second injuries were 
also recorded in individuals with history of previous 
ACL tear. Where discrepancy was found between 
MRI reports and direct visualization under arthros-
copy, preference was given to data obtained from 
arthroscopy. When calculating injury incidence, 
sex and age category percentages were extrapolated 
from 2010 U.S. Census data, as this was the most 
recent data available.

Comparing primary versus second injuries, the data 
were analyzed for association with concomitant inju-
ries. During chart review, concomitant injuries were 
initially recorded individually (e.g. injury to medial 
meniscus, LCL, femoral cartilage, etc.). However, to 
facilitate analysis, these injuries were reclassified 
into broader categories, including no concomitant 
injury, cartilaginous concomitant injury, menis-
cal concomitant injury, ligamentous concomitant 
injury, or multiple types of concomitant injuries, 
which comprised a mixture of cartilaginous, menis-
cal, and/or ligamentous injuries.

Data were initially recorded in Microsoft Excel, ver-
sion 14, and data analyses were then performed 
using JMP statistical software, version 13 (SAS Insti-
tute). Statistical analyses included Chi-square and 
one-way analysis of variance (ANOVA). Statistical 

Table 1. Demographics of individuals who sustained ACL tears included 
in this study.
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Individuals participating in a recreational activity, 
defined as a leisure activity without minimum phys-
ical requirements or abilities, constituted 49.4% of 
tears. Individuals participating in competitive activi-
ties, including organized high school, collegiate, or 
professional athletics, accounted for 25.0% of tears. 
The remaining tears occurred in individuals not par-
ticipating in a sporting activity at the time of injury or 
individuals with an unknown activity level (25.6%). 
Of the 743 total tears, 546 tears (73.5%) underwent 
ACL reconstruction and 197 (26.5%) underwent non-
operative treatment. Individuals treated with proce-
dures other than graft placement, such as ligament 
debridement or meniscectomy were not included in 
the operative group.

Patients were stratified into six separate categories 
by age in order to document incidence of primary 
and second tears by age (Table 2). These groups 
were then further stratified by sex. More than one 
third (34%, 117 of 343) of primary and second tears 
occurred in women from age 15 to 24 with a rela-
tive decrease in incidence after age 24. The major-
ity (56.8%, 187 of 329) of primary tears in men 
occurred between the ages of 15 to 34, with equal 
numbers occurring from 15 to 24 and 25 to 34 and a 
relative decrease in incidence after age 34. Second 

Analysis of tear location when comparing primary 
tears (i.e. tear of native ACL) versus nonprimary 
tears (i.e. tear of graft reconstruction), a category 
which included any additional tears beyond pri-
mary tears (second, third, etc.) was then completed 
(Figure 1). Tibial avulsion, distal, midsubstance, and 
proximal tears were not statistically different when 
comparing primary versus nonprimary tears. How-
ever, femoral avulsion tears were noted to be more 
prevalent as a percentage of primary tears compared 
to nonprimary tears (14.7% versus 6.9%).

Figure 1. Location of tear comparing native ACL tears ver-
sus ACL graft tears, including tibial avulsion, distal, midsub-
stance, proximal, and femoral avulsion.

Table 2. Individuals who sustained ACL tears, stratifi ed by age 
groups. 
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pop heard (p=0.61). It should be noted that the no 
pops group included both individuals who denied 
hearing a pop at the time of injury as well as individ-
uals who did not specify whether or not they heard 
a pop. Individuals who endorsed hearing multiple 
pops at the time of injury incurred a higher propor-
tionality of multiple types of concomitant injuries 
(56.3% versus 29.3%) when compared to the no pop 
group (Table 3).

Incidence of second ACL tears represented 16.8% 
(125 of 743) of total ACL injuries. Of the 125 sec-
ond tears in the dataset, 83 (66.4%) were ipsilateral 
and 42 (33.6%) were contralateral. Second ACL tears 
were investigated for association with multiple risk 
factors and injury characteristics, including sex, tear 
type, side, injury onset, activity level, smoking sta-
tus, tear location, and weight (Table 4).

Association with both tear type (P=0.01) and tear 
location (P<0.02) was statistically significant. Other 
factors investigated, including sex, side, injury onset, 
activity level, smoking status, and weight stratified 
by 20-kilogram intervals demonstrated no statisti-
cally significant difference (p≥ 0.34). Comparing pri-
mary versus second injuries, the data were analyzed 
for association with concomitant injuries; no statisti-
cal difference or trend towards statistical difference 
was found (Figure 3).

tears in men were distributed equally across ages 15 
to 54 with a relative decrease after age 54. Analy-
ses of second tears in sex × age group was also per-
formed. Probability of sustaining a second tear was 
significantly higher in women age 15 to 24 and age 
45 to 54, compared to women in other age groups 
(P=0.02). From age 24 to 35, men sustained more 
primary and second tears relative to women. The 
incidence of ACL tears × age and sex was also calcu-
lated and is displayed in Figure 2.

Chi-square analyses of number of pops heard × 
concomitant injuries were performed. There was no 
statistical difference in occurrence of concomitant 
injuries when comparing no pops heard versus one 

Figure 2. Incidence per 100,000 individuals of ACL tears by 
age and gender.

Table 3. Statistical analysis of number of pops heard by individuals who sustained 
ACL tears compared with concomitant injuries. 
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With regards to tear location, tears were primar-
ily proximate or midsubstance in our study, with 
a minority of tears occurring distally. Previous 
authors have demonstrated relatively similar but 
not identical results. A cohort study of 1457 patients 
published by Van der List, et al., recorded a proxi-
mal tear rate of 72% and mid substance a rate of 
23%, compared to our rates of 47.7% and 44.1%, 
respectively.25 An additional study published by 
Bates, et al., utilizing a mechanical impact simula-
tor, demonstrated results similar to Van der List’s 
study, with 71% of tears being proximate and 25% 
being mid substance.13 It should be noted, that these 
studies categorized tears into one of three catego-
ries (femoral, midsubstance, or tibial), whereas our 
study characterized tears into one of five catego-
ries (femoral avulsion, proximate, midsubstance, 
distal, or tibial avulsion). This difference in results 
may also be accounted for by the fact that proxi-
mal midsubstance tears are often described in MRI 
reports simply as midsubstance, thereby skewing 
this percentage in favor of midsubstance tears. The 
incidence of distal tears in all three studies was less 
than 10%.

Hearing a pop at the time of injury is a finding clas-
sically associated with ACL injuries.14 As outlined 

DISCUSSION
As mentioned above, the demographics of primary 
and second ACL tears have been investigated in pre-
vious studies. Our results compared favorably with 
previous epidemiologic studies, including tear pre-
dominance by sex, activity level, mean age at time 
of tear, and incidence of primary and second ACL 
tears (Table 1). Demographic categories included in 
this study that have been less thoroughly explored 
by previous studies included tear location, number 
of pops heard, smoking status, and concomitant 
injuries.

Table 4. Statistical analysis of epidemiological factors and injury characteristics associated with individuals 
who sustained second ACL injuries.

Figure 3. Comparison of concomitant injuries, including 
no concomitant injury, cartilaginous injury, meniscal injury, 
or ligamentous injury in primary versus second ACL tears.
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related to unmodified risk factors that predispose 
females in this age group to ACL injury.10,12,33-35 Males 
again had the highest incidence of primary and sec-
ond tears between their teenage years through their 
mid-30s.

The general consensus in the literature estimates 
second ACL tears incidence to be 13 to 20%.7,36 The 
incidence in females is likely higher.37 The inci-
dence of second ACL tears in our study was noted 
to be 16.8%, compared to 13.8% in a previous study. 
This equates to 17.9 second ACL tears per year. As 
the county population is 151,436, this equates to an 
incidence of 11.8 second ACL injuries per 100,000, 
comparable to national rates.36

Analysis of characteristics of second ACL tears 
yielded interesting results. Partial ACL tears were 
more commonly associated with second ACL tears 
compared to primary ACL tears. As ACL reconstruc-
tion utilizes various grafts, including combined auto 
and allograft strategies, this may account for the 
increased rate of partial tearing in the second tear 
group. Additionally, distal tears were more preva-
lent among second ACL tears compared to primary 
tears. The group stratified by weight less than 60 
kilograms verses weight greater than 60 kilograms 
demonstrated higher incidence of second injury 
although this difference was not statistically signifi-
cant. This finding may simply be related to the fact 
that many individuals under 60 kilograms represent 
adolescents, who have increased incidence of sec-
ond injury at baseline.17

Analysis of concomitant injuries associated with pri-
mary and second tears revealed no statistically sig-
nificant differences. In fact, concomitant prevalence 
was nearly identical across primary and second 
injury (Figure 1). While there are studies document-
ing concomitant injuries with primary tears,38 on 
review of the literature, there do not appear to be 
any studies documenting concomitant injuries with 
respect to second ACL tears. In addition to analy-
sis of concomitant injuries, analysis of tear location 
of second ACL injuries was also performed. Nota-
bly, femoral avulsion tears were nearly nonexistent 
among second tears. Current fixation techniques, 
specifically interference screw verses endo button 
methods, likely explain this finding, although no 

in Table 4, hearing multiple pops may be associated 
with increased concomitant injury, although this 
study was not adequately powered to reach statis-
tical significance. Previous research supports this 
assertion.28-29 It is possible that a significant percent-
age of the no pops group did not recall a pop that 
did occur or that providers did not document a pop 
in the medical record, despite patients endorsing 
this finding. Additionally, it is possible that there 
is underreporting in the multiple pops group, as 
patients are often unable to differentiate between 
a single pop and multiple pops in the moment of 
injury.

Interestingly, the reported rate of tobacco use in 
this study was higher than tobacco use reported by 
the county. According to a report published in 2017 
by the Minnesota Department of Health, 9.1% of 
adults in the most-populated county included in the 
database (10,400 of 114,090) reported tobacco use, 
whereas 14.7% of individuals in our study reported 
tobacco use at the time of injury.30 It is unclear what 
factors may account for this difference. Underre-
porting tobacco use to the county, increased tobacco 
use in specific age groups, or increased propensity 
for participation in risky behaviors are a few pos-
sible explanations, although more investigation 
is required prior to drawing conclusions. Of note, 
there were no statistical differences elucidated when 
investigating this group, although this may be due to 
the study being underpowered to find small differ-
ences in results.

Investigation of ACL tears stratified by age group and 
sex yielded similar results to our previous studies. 
Again, females demonstrated decreased incidence 
of both primary and second ACL tears in the 25 to 
34-year-old age group with a subsequent increase 
in incidence. This may potentially be explained by 
a decrease in sports activity participation during 
childbearing years, although no definitive studies in 
the affirmative were identified on review of the liter-
ature. Relative, sex-specific age effects may also play 
a role.31 Nicholls et al. also noted a “second spike” 
in second ACL tears in women in their 40’s.35 Also 
consistent with our previous studies, the probabil-
ity of sustaining a second ACL tear was increased in 
females in the 15 to 24-year-old group. This phenom-
enon is well-described in the literature and is likely 
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ABSTRACT
Background: The Vestibular Ocular Motor Screen (VOMS) is a relatively new measurement tool intended for the non-ves-
tibular practitioner to identify vestibular ocular dysfunction (VOD) following sport related concussion (SRC). Specific 
knowledge of VOD and usage of the VOMS among athletic trainers in professional sports leagues is currently unknown. 

Hypothesis/Purpose: The purpose of this study was to examine knowledge of VOD following SRC and utilization of the 
VOMS tool and other vestibular ocular tests and measures among athletic trainers in professional sports. 

Study Design: Cross Sectional Study

Methods: A total of 117 athletic trainers from Major League Baseball, the National Basketball Association, the National Foot-
ball League and Major League Soccer, with a mean of 17 ± 9 years in the athletic training profession were surveyed via 
Qualtrics™ with a response rate of 33%. The survey contained three primary sub-sections; demographics, knowledge of 
vestibular ocular deficits following SRC, and VOMS component utilization at baseline, acute and return-to-play phases of 
management. Total knowledge scores as well as percentage of utilization based on concussion management stages were 
calculated. 

Results: The average percentage correct on the knowledge items was 56% (range of 30% to 65%). There was no difference 
in knowledge score among athletic trainers with formal post-professional concussion training (p =0.29) compared to those 
with no formal training. There was no relationship found between total years practicing and total knowledge score, r= -.128, 
(p = 0.17). Smooth pursuit testing was the most commonly utilized (70%) in clinical practice and Visual Motion Sensitivity 
(VMS) was the least utilized (17%). Balance assessment measures to examine vestibular functioning remained the highest 
utilized examination technique at all-time points in management of SRC. 

Conclusion: The range of correct responses from 30% to 65% indicates that at the time of survey the participants had 
decreased knowledge of VOD following SRC. There was low overall utilization of all VOMS components despite recent evi-
dence showing good sensitivity and low false positive rates in SRC. The results of this study identify an opportunity for 
future training specific to vestibular-ocular impairments and assessment following concussion injury. 

Level of Evidence: 2c

Keywords: Vestibular ocular dysfunction, movement system, screening, concussion management.

I
J
S
P

T
ORIGINAL RESEARCH

KNOWLEDGE OF VESTIBULAR OCULAR 

DYSFUNCTION AND UTILIZATION OF VESTIBULAR 

OCULAR MOTOR SCREENING (VOMS) TOOL 

COMPONENTS AMONG PROFESSIONAL SPORTS 

LEAGUE ATHLETIC TRAINERS

Rebecca A Bliss, PT, DPT, DHSc1

W. David Carr, PhD, ATC2

1 University of Missouri, Department of Physical Therapy, 
Columbia, MO, USA

2 Missouri State University, Department of Public Health and 
Sports Medicine, Springfi  ed, MO, USA

Confl ict of interest: The authors have no confl icts of interest 
to declare.

CORRESPONDING AUTHOR
Rebecca A Bliss, PT, DPT, DHSc, 
Assistant Teaching Professor
University of Missouri
Department of Physical Therapy
801 Clark Hall
Columbia, MO 65211
(910) 644 4898
E-mail: Rebecca.bliss@health.missouri.edu

The International Journal of Sports Physical Therapy | Volume 15, Number 4 | August 2020 | Page 603
DOI: 10.26603/ijspt20200603



The International Journal of Sports Physical Therapy | Volume 15, Number 4 | August 2020 | Page 604

INTRODUCTION
Sport related concussion (SRC) is a major public 
health concern and results in a change in brain func-
tion after injury that is often difficult to assess based 
on the heterogeneity of subjective complaints.1 Con-
cussion can produce symptoms including blurry 
vision, dizziness, imbalance, headaches, as well as 
neurological impairments of cognition.2 Vestibular 
ocular deficits have been shown to be associated 
with prolonged recovery and can lead to continued 
post concussive symptomology preventing return to 
sport or activity.3 The vestibular system is a complex 
network which includes both peripheral and central 
components that include the vestibular apparatus 
and peripheral nerves within the inner ear, as well as 
connections to the brainstem, cerebellum, cerebral 
cortex, ocular system and postural musculature.4,5 
The vestibular system functions to maintain upright 
balance, specifically the vestibular spinal reflex 
(VSR), and the vestibular ocular reflex (VOR) that 
serves to maintain clear vision while the head and/
or body are in motion. Zhou and Brodsky reported 
that up to 90% of athletes with sport related concus-
sion presented with a vestibular balance deficit, diz-
ziness, and/or blurry vision.6 Previous researchers 
have reported that athletic trainers (AT) may not be 
utilizing multi-faceted approaches in their assess-
ment and subsequent referral of post-concussive 
athletes experiencing prolonged symptomologies.7,8 
With the increased association between vestibular 
ocular deficits following SRC and increased risk of a 
prolonged recovery AT’s have a crucial role in early 
identification of these impairments which can guide 
treatment and potentially decrease time missed 
from sport or activity. No authors to date have exam-
ined AT knowledge of vestibular ocular deficits fol-
lowing concussion and subsequent utilization of the 
Vestibular Ocular Motor Screening Tool (VOMS) in 
practice. 

In 2014 the Vestibular Ocular Motor Screening Tool 
(VOMS) was created to be utilized by the non-vestib-
ular specialist for identification of vestibular ocular 
deficits following injury that may warrant referral 
to a rehabilitation specialist.9 The VOMS consists of 
five measures of ocular and vestibular function to 
include; smooth pursuits, saccades, near point of 
convergence (NPC), vestibular ocular reflex (VOR) 
and visual motion sensitivity (VMS).5 A baseline 

subjective score of 0 to 10 (0 = no symptoms and 
10 = worst symptoms) for headache, dizziness, nau-
sea and fogginess is recorded and then subsequently 
measured after each of the exam components to 
identify potential vestibular ocular dysfunction 
following SRC. All VOMS components have been 
shown to be positively correlated with the Post-Con-
cussion Symptom Scale (PCSS), which is embedded 
in the Sport Concussion Assessment Tool Version 5 
(SCAT 5).5 The VOR and the VMS components are 
most predictive of concussion and a NPC mea-
sure ≥5cm and any VOMS item symptom score ≥2 
increases the probability of identifying an individ-
ual who has sustained a concussion.5 The VOMS 
has been shown to have a high internal consistency 
(Cronbach α = .97) and a low false positive rate of 
2% in concussed athletes.10,11 

All categories on the VOMS have also shown a high 
correlation with King Devick test (KD), (r = .325 – 
.585, p < 0.01).12 VOMS items have also shown high 
agreement in total symptom scores between testing 
trials, with NPC distance demonstrating an Intra-
class Correlation Coefficient (ICC) of .95 (95% CI, 
0.89-0.98), p < 0.001. An association has also been 
described in the ability to predict individuals with 
prolonged recovery between 30-90 days following 
SRC utilizing acute VMS subcategory scores and cog-
nitive-migraine-fatigue symptoms in the first seven 
days following injury.13 Utilization of the VOMS dur-
ing acute assessment can lead targeted referrals to 
a vestibular rehabilitation specialist and decrease 
the likelihood of increased time missed from sport 
as well as time experiencing post-concussive symp-
toms.14 A recent survey of high school and collegiate 
AT’s shows increased self-efficacy in utilizing symp-
tom checklists, history and clinical evaluation, as 
well as baseline measures and lowest self-efficacy 
in utilization of the VOMS and KD tests.15 Collegiate 
AT’s had higher self-efficacy in utilization of the 
VOMS as well as KD Test and in management strat-
egies of vestibular ocular deficits as compared to 
high school AT’s.15 In contrast, ATs from professional 
sports league data has not been reported to date. 

Research is lacking in regards to AT knowledge and 
assessment of vestibular ocular deficits following 
concussion injury as well as incidence of utilization 
of the VOMS. Staying abreast of current literature 
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and available valid and reliable assessment tools is 
challenging for all professionals involved in the man-
agement of SRC despite available resources. Health 
care providers who care for professional athletes 
tend to have more available resources to include 
financial, time, and access to SRC assessment tools 
as compared to those who work in collegiate or high 
school programs. The VOMS is a relatively new tool 
designed for screening of vestibular ocular deficits 
following concussion and ideal for utilization by the 
AT profession. Therefore, the purpose of this study 
was to examine knowledge of vestibular ocular 
deficits following SRC and utilization of the VOMS 
tool and other vestibular ocular tests and measures 
among athletic trainers in professional sports. It was 
hypothesized that individuals with more practice 
experience or more recent post-professional concus-
sion education would show higher levels of knowl-
edge and higher utilization of all components of the 
VOMS, which is required to calculate a total score. 
Post-professional education was defined as any for-
mal concussion training received after completion 
of professional degree. The second hypothesis was 
that ATs may be utilizing individual components of 
the VOMS, such as NPC, not knowing that a full ves-
tibular ocular screening tool exists. 

METHODS

Research Design and Participants
A cross-sectional research design was used for this 
study. A sample of 358 Professional League ATs 
were used as potential participants. Recruitment of 
participants was facilitated by the presidents of the 
membership associations of four North American 
professional leagues (National Basketball Athletic 
Trainers’ Association, Professional Baseball Ath-
letic Trainers’ Society, Professional Football Athletic 
Trainers’ Society, and the Professional Soccer Ath-
letic Trainers’ Society). Efforts were made to solicit 
the Professional Hockey Athletic Trainers’ Society 
membership, but ongoing litigation prevented par-
ticipation. Participants were included if they were 
certified ATs and members of the Professional 
League Associations. There were no exclusion cri-
teria. All participants provided informed consent, 
which was the first question of the web-based online 
survey, by clicking “yes” to agreeing to participate in 

the study. Those who did not agree to participate did 
not have access to the questions in the survey. The 
survey response rate was 33% for all professional 
athletic trainers 

Instrument 
The questionnaire was a one-time, self-administered 
online survey delivered via Qualtrics (Qualtrics Inc., 
Provo, UT). The survey consisted of three primary 
sections: demographics, vestibular-ocular knowl-
edge questions, and VOMS utilization across phases 
of concussion management. The first section con-
sisted of demographic questions consisting of age, 
years practicing, highest earned degree, dual certifi-
cation, post-professional concussion education (Yes/
No Response with follow-up question of year for a 
Yes response), ImPACT™ Trained Athletic Training 
(ITAT) certification (Yes/No response), and par-
ticipation in concussion management in last year 
(four responses; acute management, treatment, 
return to play protocol, clearance). ITAT informa-
tion was collected secondary to the vestibular ocu-
lar dysfunction content covered in the training, as 
well as the VOMS assessment. The second section 
consisted of 15 knowledge-based questions regard-
ing vestibular ocular dysfunction following concus-
sion to include symptom presentation and current 
assessment methods in clinical practice. Partici-
pants were asked to select true, false, or unsure and 
a total score for all correct answers was calculated. 
The final section consisted of utilization of VOMS 
components in practice. A complete VOMS screen-
ing requires all sub-categories to be completed with 
subjective scores reported. ATs may already be uti-
lizing some of the categories as they are derived 
from other neurological testing components, and 
were asked to indicate which components were cur-
rently being used in practice. Sub-categories of the 
VOMS components are smooth pursuits, saccades, 
near point of convergence, vestibular ocular reflex 
and visual motion sensitivity. Check boxes for each 
subcategory as related to concussion management 
to include: baseline, acute management and return-
to-play phase. 

Reliability and Validity of the Survey
The survey instrument was pilot tested for criterion 
validity with a group of five athletic trainers with 
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publication history in survey design methodology 
and one physical therapist well-versed in vestibu-
lar therapy. Minor modifications were made based 
upon their feedback. Further pilot testing was com-
pleted to establish reliability with a group of 39 ath-
letic trainers in a variety clinical practice setting to 
include professional ATs. The knowledge questions 
and usage items resulted in a high reliability rating 
(α = .84 and .83 respectively). 

Procedure
The professional league membership organizations 
were contacted and briefed on the project scope and 
intent with clarification that data would be reported 
in aggregate and not specific to each league. A conve-
nient time of year for each league was discussed and 
initial solicitation emails were scheduled for times 
that are slower for the membership. Solicitation 
emails were sent from each association’s president 
along with the online survey link. Initial solicitation 
emails were distributed at the beginning of the week 
with follow-up solicitation emails mid-week and at 
one-week. 

Statistical Methods:
Data was captured anonymously via an online sur-
vey platform (Qualtrics, Provo, UT) and transferred 
to Excel (Microsoft, Redmond, WA) for analysis. Data 
were analyzed using SPSS Version 24 (IBM Corp. 
Armonk, NY). Variables were coded when needed 
and basic descriptive statistics were calculated for 
each variable. Shaprio-Wilk test revealed non-nor-
mally distributed data and therefore non-paramet-
ric statistics were utilized to include the following; 
Mann Whitney U to determine differences between 
groups with an alpha level set at p = 0.05 and Spear-
man Rho correlations to examine relationships 
between variables, utilizing SPSS Version 24 utilizing 
SPSS Version 24 (IBM Inc. Chicago, IL). This study 
was approved by Wingate University’s Institutional 
Review Board and informed consent of subjects was 
obtained prior to the collection of data. 

RESULTS
One hundred and seventeen total responses were 
received for a 33% response rate. The mean age of 
participants was 40.3 ± 8.7 years and mean expe-
rience as an athletic trainer was 17.1 ± 9.1 years. 

Additional demographics of the sample are pre-
sented in Table 1. Table 2 depicts how participants 
indicated the phases of concussion management 
they have participated in within the prior year. 
Phase includes baseline assessment, treatment/
rehabilitation, return to play protocol, and medi-
cal clearance. Participants answered 56% (range of 
30-65%) of our survey questions correctly (Figure 
1). The average percentage unsure on the knowl-
edge items was 25% (range of 14% to 30%). There 
was no difference in knowledge score among ath-
letic trainers with formal post-professional con-
cussion training (p =0.29) compared to no formal 
training. There was no relationship found between 
total years practicing and total knowledge score, r= 
-.128, (p = 0.17). Balance assessment is the highest 
utilized in SRC management followed by smooth 
pursuits (Figure 2). Smooth pursuit testing was the 
most commonly utilized (70%) in clinical practice 
and VMS was the least utilized (17%). 

DISCUSSION
This is the first study investigating vestibular ocular 
knowledge and utilization practices of the VOMS in 
concussion management among professional sports 
league AT’s. This sample of professional sports 
league ATs answered 56% (range of 30-65%) of our 
survey questions correctly (Figure 1). The use of 

Table 1. Additional demographic variables 
(N=117).

Table 2. Participant report of involvement 
in concussion management within the last 
year (N=117).
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balance assessment measures to examine vestibular 
functioning remained the highest utilized at all time 
points in management of SRC. The most utilized 
component of the VOMS in clinical practice was 
smooth pursuits with 83 participants (70%) using 
smooth pursuits as an acute assessment, though 
it is unknown if symptom provocation was also 

recorded (Figure 2). The high incidence of smooth 
pursuit testing may be due to the fact that it is part 
of the neurological screen on the SCAT 5 and per-
formed routinely following a suspected SRC, though 
is not a full component of the VOMS unless subjec-
tive rating of symptomology is recorded.16 The least 
utilized component of the VOMS was visual motion 

Figure 1. Knowledge questions with responses from participants in percentages of correct, incorrect and unsure. VOMS = Ves-
tibular Ocular Motor Screening Tool.
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sensitivity (VMS) with 20 participants (17%) using 
VMS as a baseline assessment. The VMS component 
of the VOMS assesses a function of the vestibular 
system, specifically vestibular ocular reflex (VOR) 
cancellation. VOR cancellation is the ability to keep 
vision stable and fixed on a moving target while the 
head and the target are in motion and requires the 
central vestibular system integration.17 Impairment 

of this reflex is associated with intolerance of visual 
motion, and VMS and NPC performance on the 
VOMS has been identified as the best subset of inde-
pendent predictors of prolonged post-concussion 
symptoms.5 Balance assessment at all time-points 
in SRC management remained the most frequently 
assessed, which is also a component of the SCAT 5 
commonly used in acute concussion management. 

Figure 2. Percentage of Usage of Balance and Vestibular Ocular Motor Sreening components by time point in post-concussive 
manaagement. (option to select multiple time points across continuum) VOMS= Vestibular Ocular Motor Screening Tool. Baseline 
is prior to season of play, Acute is within 24-48 hours, and Return-To-Play is prior to full clearance.
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No significant relationships were found between 
post-professional training specific to concussion 
management and knowledge and utilization of 
VOMS. Increased funding for continued education 
or resources, training, as well as time availability, 
are potential resources professional level AT’s have 
access to. The initial hypothesis of post-professional 
education specific to SRC and increased knowl-
edge of vestibular ocular dysfunction was found to 
be invalid among this population. This could sug-
gest knowledge translation specific to VOD is not 
being included in current educational methods sec-
ondary to vestibular rehabilitation is considered a 
sub-specialty requiring additional training among 
medical professionals. There was also no relation-
ship between year’s practicing and total knowledge 
of vestibular ocular deficits which could potentially 
indicate lack of knowledge translation to the clini-
cal environment from recently published research 
rather than clinical experience.18 

Until recently there was no brief screening tool avail-
able for assessment of potential vestibular ocular def-
icits until the VOMS which shows solid psychometric 
properties related to validity and reliability as well 
as measurement of a different construct than other 
available assessments to include the SCAT 5, Balance 
Error Scoring System (BESS) test and KD test.19-21 The 
VOMS was originally designed for the non-vestibular 
practitioner to utilize as a screening tool and initiate 
earlier referral to a vestibular rehabilitation special-
ist.5 Most recently it has been identified as having 
a very low false positive rate (2%) in identification 
of athletes with suspected concussion and has the 
potential to be utilized in the acute management in 
the future.11 With this new assessment tool available 
it may serve as a gateway to identification and ear-
lier referral to vestibular rehabilitation. Current evi-
dence supports rehabilitation as an effective strategy 
in concussion management, specifically vestibular 
and cervical physical therapy.14,19 Whether initiated 
early (10-14 days post-concussion) or in individuals 
diagnosed with post-concussive syndrome (PCS) ves-
tibular rehabilitation has been shown to be effective 
in decreasing time missed from sport.1,19,20 

There are several limitations in this study includ-
ing: response bias of participants, low response rate, 
though 33% is deemed acceptable in survey-based 

research, and results are not generalizable to entire 
AT population at all levels of sports coverage. Another 
limitation is that this survey was just recently devel-
oped, and while reliability seems to be adequate this 
is not a well-established instrument and could likely 
use further refinement and study. Furthermore, as 
is inherent to survey research, those participants 
that felt confident in their knowledge may have 
been more likely to respond while those less con-
fident in their knowledge may have chosen to not 
participate. Future considerations include sampling 
ATs that provide other levels of care to include col-
legiate and high-school populations. 

CONCLUSIONS
Athletic trainers are part of the first line of defense 
and experts in the management of SRC. Based on 
the results of this study, ATs in professional sport 
leagues had decreased knowledge of vestibular ocu-
lar deficits specific to the following areas; NPC, KD 
Test, pursuit and saccadic eye movements, as well 
as the VOMS areas of assessment. Balance was most 
frequently utilized as one assessment of the vestibu-
lar system among the sample population, though it 
only examines one aspect of vestibular functioning, 
the vestibular spinal reflex, and does not include the 
vestibular ocular reflex which is needed for clear 
vision when the head and/or body are in motion. 
Smooth pursuit testing was the most commonly uti-
lized VOMS component (70%) in clinical practice 
and VMS was the least utilized (17%). 

Vestibular ocular functioning following concussion 
injury is an important construct and warrants evalu-
ation, which can be easily screened by the VOMS. 
The results of this study identify a potential area 
of training and education specific to vestibular ocu-
lar deficits following SRC, which have been associ-
ated with a prolonged recovery and increased time 
missed from sport.3,21-22 Early recognition of these 
deficits and earlier referral to rehabilitation have the 
potential to decrease prolonged symptomologies as 
well as time missed from sport or activity. Focus on 
knowledge translation from research into clinical 
practice is key to ensure that the most recent evi-
dence is being applied into SRC management and 
best practice for translation may warrant further 
investigation. 



The International Journal of Sports Physical Therapy | Volume 15, Number 4 | August 2020 | Page 610

REFERENCES
1.  McCrory P, Meeuwisse W, Dvorak J, et al. Consensus 

statement on concussion in sport—the 5th 
international conference on concussion in sport held 
in Berlin, October 2016. Br J Sports Med. 2017;51:
838-847.

2.  Prien A, Grafe A, Rössler R, Junge A, Verhagen E. 
Epidemiology of head injuries focusing on 
concussions in team contact sports: A systematic 
review. Sports Med. 2018;48(4):953-969. 

3.  Master CL, Master SR, Wiebe DJ, et al. Vision and 
vestibular system dysfunction predicts prolonged 
concussion recovery in children. Clin J Sport Med. 
2018;28(2):139-145. 

4.  Corwin DJ, Wiebe DJ, Zonfrillo MR, et al. Vestibular 
defi cits following youth concussion. J Pediatr. 
2015;166(5):1221-1225. 

5.  Mucha A, Collins MW, Elbin R, et al. A brief 
Vestibular/Ocular Motor Screening (VOMS) 
assessment to evaluate concussions: Preliminary 
fi ndings. Am J Sports Med. 2014;42(10):2479-2486.

6.  Zhou G, Brodsky JR. Objective vestibular testing of 
children with dizziness and balance complaints 
following sports-related concussions. Otolaryngol 
Head Neck Surg. 2015;152(6):1133-1139.

7.  Buckley TA, Burdette G, Kelly K. Concussion-
management practice patterns of national collegiate 
athletic association division II and III athletic 
trainers: How the other half lives. J Athl Train. 
2015;50(8):879-888. 

8.  Kelly KC, Jordan EM, Joyner AB, Burdette GT, 
Buckley TA. National collegiate athletic association 
division I athletic trainers’ concussion-management 
practice patterns. J Athl Train. 2016; 49(5):665-673. 

9.  Mucha A, Collins MW, Elbin RJ, et al. A Brief 
Vestibular/Ocular Motor Screening (VOMS) 
assessment to evaluate concussions: preliminary 
fi ndings. Am J Sports Med. 2014;42(10):2479-2486. 

10.  Kontos AP, Sufrinko A, Elbin R, Puskar A, Collins 
MW. Reliability and associated risk factors for 
performance on the Vestibular/Ocular Motor 
Screening (VOMS) Tool in healthy collegiate athletes. 
Am J Sports Med. 2016;44(6):1400-6. 

11.  Worts PR, Schatz P, Burkhart SO. Test performance 
and test-retest reliability of the Vestibular/Ocular 
Motor Screening and King-Devick Test in adolescent 
athletes during a competitive sport season. Am J 
Sports Med. 2018;46(8):2004-2010. 

12.  Russell-Giller S, Toto D, Heitzman M, Naematullah 
M, Shumko J. Correlating the King-Devick Test With 
Vestibular/Ocular Motor Screening in adolescent 
patients with concussion: A pilot study. Sport Health. 
2018;10(4):334-339. 

13.  Sufrinko AM, Marchetti GF, Cohen PE, Elbin RJ, Re 
V, Kontos AP. Using acute performance on a 
comprehensive neurocognitive, vestibular, and 
ocular motor assessment battery to predict recovery 
duration after sport-related concussions. Am J Sports 
Med. 2017;45(5):1187-1194. 

14.  Reneker JC, Hassen A, Phillips RS, Moughiman MC, 
Donaldson M, Moughiman J. Feasibility of early 
physical therapy for dizziness after a sports-related 
concussion: A randomized clinical trial. Scand J Med 
Sci Sports. 2017;27(12):2009-2018. 

15.  Savage JL, Covassin T. The self-effi cacy of certifi ed 
athletic trainers in assessing and managing sport-
related concussions. J Athl Train. 2018:53(10):983-989. 

16.  Sport concussion assessment tool - 5th edition. Br J 
Sports Med. 2017;51(11):851-858. 

17.  Herdman S. Vestibular rehabilitation. 4th ed. 
Philadelphia: F.A. Davis Company; 2014.

18.  Kitson AL, Harvey G. Methods to succeed in 
effective knowledge translation in clinical practice. 
J Nurs Scholarsh. 2016;48(3):294-302. 

19.  Schneider KJ, Meeuwisse WH, Nettel-Aguirre A, et 
al. Cervicovestibular rehabilitation in sport-related 
concussion: a randomised controlled trial. Br J Sports 
Med. 2014;48(17):1294-1298. 

20.  Broglio SP, Collins MW, Williams RM, Mucha A, 
Kontos AP. Current and emerging rehabilitation for 
concussion: a review of the evidence. Clin Sports 
Med. 2015;34(2):213-211.

21.  Yorke AM, Smith L, Babcock M, Alsalaheen B. 
Validity and reliability of the vestibular/ocular motor 
screening and associations with common concussion 
screening tools. Sports Health. 2017;9(2):174-180. 

22.  Elbin RJ, Sufrinko A, Anderson MN, et al. 
Prospective Changes in vestibular and ocular motor 
impairment after concussion. J Neurol Phys Ther. 
2018;42(3):142-148. 



ABSTRACT

There is a need to improve patient outcomes after anterior cruciate ligament reconstruction (ACLR). To do 
this likely involves a strong focus on optimizing rehabilitation processes and practices. Movement 
re-training is considered an important element of rehabilitation after ACLR, but there is a lack of knowl-
edge on the ‘how’ and ‘what’ movement re-training should occur after ACLR. In its basic form, movement 
re-training after ACLR is about progressing a patient through gradually more demanding tasks from the 
point of being able to walk to being able to perform highly complex sports movements. However, there is 
a lack of guidance on when to implement certain tasks (e.g. when to begin running) and how to transition 
between tasks. This paper presents a 10 task progressions system which can form an important aspect of 
the movement-based re-training process, providing structure and patient autonomy. Monitoring knee func-
tion and movement and neuromuscular status to safely transition between these tasks is important. 
Although this task-based progression is designed for patients following a rehabilitation program after ACLR, 
it may have generalizability for all major lower limb injuries. The task-based progression was formed by 
combining theory, the best available evidence, and significant practice experience applied to movement 
re-training after ACLR. This approach supports patient autonomy, medical team communication and col-
laboration and can provide structure to the movement re-training process. 

Keywords: Biomechanics, criterion-based progressions, movement system, performance rehabilitation, 
screening
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BACKGROUND AND PURPOSE
Outcomes following injuries such as anterior cruci-
ate ligament (ACL) rupture are unsatisfactory, with 
lower than optimal return to sport (RTS) rates1 and 
high re-injury risk.2,3 To optimize patient outcomes 
after ACL reconstruction (ACLR) and limit long-
term associated problems which can follow injury 
(e.g., knee osteoarthritis),4 there is a need to opti-
mize the rehabilitation and RTS approach. One area 
which is becoming increasingly important is move-
ment re-training or ‘functional’ training. Movement 
dysfunction is thought to be a risk factor for both 
primary and secondary ACL injuries.5-7 Disruption 
to the native ACL after injury, leads to mechanical 
instability of the knee, and can alter neuromuscular 
control due to disrupted mechanoreceptors within 
the ligament8 and altered somatosensory input and 
joint proprioception. Multiple authors have identi-
fied altered movement quality in both the involved 
and uninvolved limbs after ACLR during various 
functional tasks.9-14 It appears that an ACL injury 
results in altered movement bilaterally, when com-
pared to pre-injury movement quality.11 As such, 
it would appear that targeting the restoration of 
normal movement patterns is one of the priorities 
during rehabilitation and requires both single and 
bilateral limb activities.15 

Although most clinicians and researchers under-
stand that retraining movement after ACLR is impor-
tant (e.g., the ‘why’), there is often a disconnect with 
understanding the ‘how’ and ‘what’ of movement 
re-training post ACLR. There is a need to bridge the 
gap between theory and practice to provide practitio-
ners who work with ACLR patients’ clear guidelines 
on ‘how’ to train movement and ‘what’ exercises to do 
and when. Establishing clear task based goals have 
been suggested for athletes after ACLR to provide 
structure and clarity to the process.16 One key task 
after ACLR is return to running, which is typically 
recommended based on time as opposed to func-
tion, with recommendations being around 12 weeks 
after surgery.17 In terms of graft healing and matu-
ration, the often cited reason for determining this 
time frame, this is an irrelevant date.18,19 However 
this becomes a fixed point in the athlete, coaches, 
surgeons and rehabilitation specialists minds with 
the athlete feeling as though they are “failing” if 
they cannot run at that point and feeling “on track” 

if they are running at that time. The ability though, 
to perform specific tasks like running is not related 
to healing times, but more specifically to functional 
return. But, in the decision to return to running after 
ACLR, function is rarely assessed.17 Conversely, 
there is a current practice-based trend regarding the 
implementation of functional tasks earlier than per-
haps advisable. Such functional tasks are more excit-
ing than traditional, simple, isolated tasks, which 
may become boring to the patient. However, after 
ACLR, patients are often ill-prepared for some func-
tional tasks, which may increase athlete re-injury 
risk or result in joint overload, substitutions during 
performance, and/or complications in the rehabili-
tation process. 

Therefore, the aim of this clinical commentary is to 
provide an easily implementable task-based progres-
sion, with specific criteria and monitoring suggestions 
as a guide during rehabilitation after ACLR. These 
task-based progression are expected to offer clarity to 
the process for all, autonomy to the patient, and pro-
vide clinicians with an evidenced informed approach 
to optimize their functional recovery approach.

LOAD MANAGEMENT CONSIDERATIONS 
In terms of task-based progressions, it is important 
to initially establish the level of loading that a task 
may place on the body and have a clear understand-
ing of the different total loading demands of each 
task. Loading can be considered as: 

–  peak loading (e.g., peak ground reaction forces), 

–  volume load (e.g., load times repetition) and 

–  rate of loading (e.g., time over which it is 
delivered/experienced)

It is important to plan and prepare for all types of 
loading and develop load tolerance to particular 
tasks. Load is dissipated via the neuromuscular sys-
tem and absorbed passively via the tendons, liga-
ments and joints. Deficits in strength would mean 
insufficient neuromuscular capacity to eccentrically 
absorb forces during high load tasks, with greater 
reliance on joint complexes (tendon, ligament and 
joint structures) for passive force absorption.20 

It is also important to understand how the load is 
distributed throughout the body and specifically the 
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knee in particular. The extent of load will depend on 
the kinematics and the specific torques elicited at 
each joint. Typically, loading is distributed through-
out the joints of the lower limbs, with acceptance/ 
torque development occurring at the ankle, knee 
and hip depending upon the tasks and adopted 
movement strategy. Altered movement quality 
would result in differing joint torque loads being 
shared by the movement system, which could either 
increase knee joint loads (e.g., knee dominant pat-
tern) or reduce the loads (e.g., knee avoidance strat-
egy). A key element for task-based progressions is 
to understand the tensile load experienced via the 
ACL to provide ‘optimal loading’.21 This entails pro-
tecting the ACL-graft from excessive loads which 
could lead to graft attenuation or even failure, but 
sufficient enough load to encourage neuromuscular 
adaptations and graft remodeling/strengthening. 
An example of ACL loading during athletic activi-
ties was described by Laughlin et al.22 using mus-
culoskeletal modelling to provide an estimate of 
ACL tensile forces during single-leg landings (30 cm 
height) in a group of recreationally active females. 
Peak ACL load during the landing was ~0.7 × body 
mass, equating to 440 N for the female cohort in the 
study. While this value is clearly below the ~1300 N 
threshold which might be expected to rupture the 
female ACL,23 sagittal plane motion is only one com-
ponent influencing the resultant ACL load. The addi-
tion of altered tibial and/or femoral rotation due to 
poor biomechanics may exacerbate the load on the 
ACL24 during landing, bringing it closer to the injury 
threshold. So, assessing and controlling for altered 
frontal and transverse plane control is an important 
aspect of movement re-training. 

Finally, it is important to minimize excessive patel-
lofemoral joint stress, given the high prevalence of 
patients who go on to develop patellofemoral pain 
syndrome after ACLR.25-27 Understanding the extent 
of load which may be placed on the patellofemoral 
joint is important. In closed kinetic chain exercises 
(e.g., most functional tasks) such as lunges and the 
leg press, quadriceps muscle force and patellofem-
oral joint stress are highest near full flexion.25,26 As 
such, it is recommended initially to restrict high 
load functional exercise to between flexion angles 
of 0-80°.

MONITORING OF THE ATHLETE
It is important to monitor the athlete to ensure that 
the response to the exercise is appropriate, but also 
that they are progressing optimally and have the 
appropriate function. The quality of movement and 
level of stress is important. The authors propose 
monitoring: 

1. The response to the exercise 

2. Movement quality during the task

3. Strength and

4. Muscle soreness

Monitoring the response to exercise
Any task-based progression must consider the biolog-
ical healing and ability of the joint to withstand the 
loading demands. Pain and swelling can be used to 
determine task-based progressions, as these factors 
will relate to the loading stress experienced by the 
knee.28 Optimal loading may be defined as the load 
applied to structures that maximizes physiological 
adaptation.21 All exercises should typically be pain-
free. If not specific adaptation to training or in regard 
to exercise quality has to be considered to continue 
to train function without affecting the knee joint 
homeostasis. Progression through tasks is allowed 
only when there is no pain (numeric rating scale) or 
swelling (stroke test) increase as a response to previ-
ous tasks, as these would indicate excessive previous 
loading levels to the knee joint and an adverse reac-
tions, which may limit optimal adaptation. 

Movement quality – Is the task too diffi cult?
The authors believe that rehabilitation needs to 
be geared at least in part to regaining symmetrical 
motion and appropriate movement strategies in 
order to reduce risk of re-injury and improve func-
tion. For this to be achieved, a means of monitoring 
limb alignment during functional tasks is required. 
Inability to maintain alignment may indicate the 
task is potentially too challenging. The assessment 
of movement quality is a matter of debate. 3-D cam-
era motion tracking is considered the gold-standard 
method for motion analysis,5 but is clinically not 
commonly available. In terms of optimal movement 
training, there is a need to have information on move-
ment quality during the tasks at hand, and to be able 
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to provide feedback to the patient, to create a con-
tinuous learning environment to solve the task and 
optimally progress. This should be easy to obtain, not 
require expensive equipment and also not require 
time consuming analysis. Clinically, it needs to be 
simple enough to be understood by the patient, to be 
effectively coached and adopted so the patient can 
learn to self-correct (a valuable stage of motor learn-
ing). Herrington et al.16 suggests a qualitative move-
ment assessment system based on a series of criteria 
including the ability to maintain control of the arms, 
trunk, pelvis and lower limbs in the sagittal plane. 
Here it is advised to adopt a similar approach, which 
focuses on teaching and monitoring the patient’s abil-
ity to maintain control of the body utilizing teaching 
and training of optimal frontal plane (pelvis, trunk 
and lower limb, Figure 1a) and sagittal plane control 
(Figure 1b), depending upon the specific task. Task-
based progression should be based on movement 
quality or technical proficiency during the tasks. If 
the task cannot be performed with sufficient quality, 
then it should be simplified, or the load is reduced 
(e.g., no or less weight, or add support).

Strength – Are they strong enough 
to do this task?
The ability to perform functional tasks is dependent 
on the neuromuscular systems ability to produce 

force (e.g., strength).29 As discussed, various tasks 
will place differing loads on the movement system, 
both in terms of the whole system and as well as 
joint specific (e.g., knee dominant or hip dominant). 
Inability of the neuromuscular system to produce or 
accept force may result in either movement compen-
sations and/or acceptance of passive loading via ten-
dinous, joint, ligament, and potential joint overload. 
Additionally, muscle strength imbalances will result 
in altered movement quality, which may result in 
further movement compensations and reinforce 
inappropriate patterning.30 As such, it is important 
to assess, monitor and use assessment of strength 
to guide task progressions. This also provides objec-
tive information to support shared decision making 
as a team on important functional milestones (e.g., 
initiating running, jumping and/or plyometric type 
tasks).

Knee extensor strength is a major barrier to func-
tional progressions.30 It is advised to assess knee 
extensor strength (respecting the time after surgery 
and possible ACL graft loading) and use this infor-
mation to plan when to implement certain tasks or 
transition into different phases of rehabilitation. In 
addition, functional tasks require large force produc-
tion for absorption from the whole kinetic chain. For 
example, bilateral landing, treadmill based running 

Figure 1. 1a, an easy to utilise and teach model of movement analysis based on three lines in the frontal plane, with a line to 
assess trunk stability/ alignment, pelvis stability/alignment and limb stability/alignment. 1b, depicts the sagittal plane view 
which is dependent upon the task but a function of ankle to knee and knee to hip alignments. 
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and single limb plyometric tasks typically involve 
ground reaction forces of 1-1.5,31 2-332 and 2-631,33,34 

times body mass, respectively. So, understanding 
the ability of the lower limbs to produce and accept 
force can provide a measure by which the “when” 
a patient may be ready to begin practicing these 
potentially dangerous tasks after ACLR. 

Assessing knee extensor strength using concentric 
or isometric assessment via the isokinetic dyna-
mometer or recording knee extension loads used in 
rehabilitation (hand held dynamometry), or using 
the leg press 8 or 10 repetition maximum (RM) can 
provide an indication of strength and be used to 
regularly monitor the patients to support task-based 
progressions.16 In addition, although there is limited 
research attention, assessing unilateral and/or bilat-
eral squat strength isometrically using force plate 
analysis could provide an useful objective measure 
of work/load distribution to support task-based 
progressions.35,36 

Muscle soreness- was the loading too high?
After unaccustomed exercise, there may be muscle 
soreness referred to as delayed onset of muscle sore-
ness, that occurs following exercise induced muscle 
reaction.37 The degree of muscle reaction depends 
on many factors including exercise type, duration, 
intensity and habituation to the exercise.38,39 Tasks 
that are too strenuous will result in significant mus-
cle reaction, which may take substantial time to 
recover and may limit the ability to train in the sub-
sequent days. Monitoring the muscle soreness can 
provide an indication of the muscle specific loading 
and required recovery time, which can then support 
subsequent training modifications. 

SUGGESTED TASK-BASED MOVEMENT 
PROGRESSION FROM THE BEGINNING TO 
THE END – THE 10 TASKS 
Below is presented the 10 tasks, from the beginning 
to the end of the functional recovery process after 
ACLR. These tasks are developed based on the load 
and movement skill requirements and in line with 
the progressive functional recovery process that is 
important after ACLR. Within each task, there are 
specific criteria to achieve prior to undertaking the 
task. Additionally, each task typically has sub-task 
progressions, which can be used to progress towards 

the task after attainment of the previous task. These 
can be used to support optimal progression between 
tasks. 

1. Normal walking gait 
The first milestone and task target (Figure 2) is typi-
cally to walk normally after surgery without aids 
(e.g., crutches). Following ACLR, a patient cannot 
not fully weight bear or walk without crutches for 
a period of time, often two to four weeks.40 Abnor-
mal gait patterns have been associated with muscle 
weakness,41 decreased functional performance,42 
low patient satisfaction with outcome after surgery43 
and post-operative complications including osteoar-
thritis.44 The abnormal gait patterns often become 
further exacerbated when the patient returns to run-
ning.28 Thus, re-establishing normal gait early and 
safely after surgery is a key priority. 

Normal or optimal gait biomechanics cannot occur 
without normal or optimal joint motion45 and so the 
restoration of joint range of motion is essential to 
target the restoration of optimal gait. After ACLR, 
patients should achieve full extension (and control 
in extension) prior to ‘leaving’ the crutches. To be 
able to achieve full terminal extension, the ability 
to recruit the quadriceps and maintain active exten-
sion is essential. Quadriceps inhibition can prevent 
recovery of quadriceps muscle strength and the safe 
and expedient progression of rehabilitation.46,47 Per-
sistent quadriceps lag on single leg raise has been 
shown to indicate an inability to actively fully extend 
the knee. If this is not achieved by week five post 
ACLR, it would be considered a predisposing fac-
tor for significant quadriceps weakness at 6-months 
post-operation.48 Prior to leaving the crutches, it is 
suggested to achieve full active knee extension, con-
trol of effusion and no ‘joint overload’ (e.g., clinical 
increase of swelling [> 1 cm, at the patella], or pain 
[+1 point]) and no quadriceps lag on active straight 
leg raise. 

2. Bilateral squat
Neitzel et al.49 found some patients after ACLR failed 
to symmetrically load their legs during squatting up 
to 12 months post-op and this was related to poor 
functional outcomes. A bilateral squat is a founda-
tion exercise, involving triple flexion and extension 
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Figure 2. The ten tasks progressions after ACLR, 1) walking, 2) bilateral squat, 3) single leg squat, 4) bilateral landing, 5) run-
ning on treadmill, 6) bilateral drop jump, 7) single leg deceleration, 8) single leg drop jump, 9) 90º cut maneuver, 10) sport-specifi c 
change of direction.



The International Journal of Sports Physical Therapy | Volume 15, Number 4 | August 2020 | Page 617

of the lower limbs, while maintaining optimal trunk 
control. It provides a framework for developing 
compound strength (e.g., squat training) as well as 
serving as the motor patterning for other tasks (e.g., 
bilateral landing, jumping, plyometrics). So, its res-
toration early after surgery is a priority. Bilateral 
squat progressions can begin with squat, wall squat, 
goblet squat, back squat, front squat and overhead 
squat. These should all initially be performed with-
out additional load and then with gradually increas-
ing amounts of load, to aid functional strength 
development. Considering PFJ loading is impor-
tant, an initially targeting lower knee flexion angles 
(< 90º), recommended. Optimal squat technique 
is a great precursor to single leg progressions (e.g., 
split squat). Importantly, there are times where 
squat activities are limited or when range of motion 
may be protected, such as after meniscal repair.

Unilateral foundation exercises – 
Single leg squat
The single leg squat represents probably the most 
functional foundation movement, involving triple 
flexion and extension with optimal control and mini-
mal support on one leg. Single leg exercises are com-
plex movements with lots of degrees of movement 
freedom. A single leg squat represents the foun-
dation movement for progression to many tasks, 
which require acceleration, deceleration and land-
ing on one leg, representing the fundamental move-
ment pattern for all sports type activity. A single leg 
squat also requires supporting and moving full body 
weight. As the single leg squat requires balance and 
control, it is advised to be able to leg press nearly 
100% body weight to have the necessary strength 
to tolerate body weight during the single leg squat. 
Progressing to single leg squats can be done through 
various tasks, with increasing complexity and load 
(e.g. body weight applied to the limb). For example, a 
split squat is more complex than a bilateral squat and 
requires the pelvis to stabilize in the frontal plane. 
The split squat will have roughly 60% body weight 
on the front limb and 40% of the back limb. Adding 
load to the tasks is advised prior to progressing to the 
more complex or higher load task (e.g., adding 20 kg 
of load, should add around 12 kg of additional load 
to the training limb, representing around 60 kg or 
around 75% body weight for an 80 kg athlete). The 

authors suggest the use of progressions to single leg 
squat to include: split squat, reverse lunge, walking 
lunge, step up and single leg squat. 

Bilateral landing
Bilateral landing represents the first landing task, 
where the patient leaves the ground in the air and 
must accept the potentially high ground reactions 
forces with the neuromuscular system, which can 
result from acceleration to the ground due to grav-
ity. Typical forces during bilateral landings can be 
around 1.5-2 times body mass31 depending upon the 
height of the landing (which represents around one 
times body mass per limb delivered at high rates 
of loading). Prior to initiating landing tasks on the 
ground, it is also recommended that the athlete 
have attained at least one times body mass (single 
limb) and two-times body mass (double limb) for set 
of eight repetitions on the leg press. Bilateral land-
ing allows for the training of eccentric control at the 
required speed, to prepare for single limb accep-
tance drills (e.g., single leg landing, running). Varia-
tions and progressions include landing from a box, 
landing from running on the spot, landing from a 
jump. These can also be vertical, horizontal or even 
rotational. Use of different surfaces can support the 
reduction in peak landing forces, such as use of the 
pool, sand or trampolines or a mat (e.g., synergy 
mat). 

Running –Run on treadmill
Running represents a functional task which all peo-
ple should do and is often considered a milestone 
mark for the ACLR patient. It is perhaps the most 
prioritized task and is the foundation for all sport-
ing type tasks (virtually all sports require you to be 
able to run). Running is a high load task and requires 
substantial strength and neuromuscular control. 
Each step taken during running represents weight 
acceptance of around 2-3 times body mass.32 Effec-
tive implementation of running can serve as a use-
ful training stimulus for developing strength and 
neuromuscular control. Ensuring optimal move-
ment quality in the running gait is important before 
advancing to more high-risk complex sporting type 
movements. Assessing running gait training on a 
treadmill may allow the clinician to provide feed-
back (visual or immediate or delayed feedback with 
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video recording) cues to support the improvement 
of the athletes running technique.28 Key aspects 
entail normalization the range of motion of joints 
of the involved and uninvolved limbs which can 
be examined via video recording. Further analysis 
of stride length, contact times and force absorption 
by force plate embedded treadmills can facilitate 
more in-depth analysis and support optimal progres-
sions. Pain free symmetrical gait at near maximal 
sprint speeds should be a key aim of gait retrain-
ing (this occurs towards end-stage rehabilitation). 
Optimal gait at slower running speed (8 km.h-1) is 
requisite for progression to unilateral deceleration 
and landing training. It is essential that treadmill 
mechanics be restored prior to progression to out-
door running or agility drills. It is important to note 
that many measurable parameters of function do 
not normalize during the initial year following an 
ACL reconstruction.50

Bilateral plyometrics – Bilateral drop jump
Lower extremity plyometric exercises are com-
monly used by athletes to develop explosive speed, 
strength, and power. They involve a stretch-short-
ening cycle, where eccentric muscle contraction is 
quickly followed by concentric contraction of the 
same muscle (or muscles). During the eccentric 
phase (pre-stretch), the musculotendinous unit is 
stretched, which stores elastic energy, and the mus-
cle spindles activate the stretch reflex. Plyometric 
training has been reported to be superior to more 
traditional resistance training for development of 
explosive lower limb performance51,52 and can con-
tribute to improvements in lower limb strength and 
power, increased joint awareness, and overall pro-
prioception.51,53-55 Performance of high-intensity ply-
ometric exercise often produces muscle damage, due 
mainly to the eccentric component of the muscle 
action, and excessive joint loading (ligament, joint 
structures, tendon), which could result in injury.56 
Typical impact forces during plyometric exercise 
when performed on land is between 2-6 times body 
mass.31,33,34 Performance in the bilateral drop vertical 
jump, specifically control of dynamic knee valgus 
has been shown to be associated with ACL injury/
re-injury risk.5 High knee abduction moments seen in 
adolescents during drop jump57 are not seen in more 
elite older/ established athletes.58 This indicates the 

importance of optimal technique during the tasks 
and re-learning optimal technique prior to progress-
ing to more challenging tasks. Again, it is vital to rec-
ognize many of the measurable parameters will not 
normalize during the first year following an ACLR.50 

Unilateral landing/ deceleration –Single 
leg deceleration
ACL injuries typically occur during deceleration and 
landing tasks, and these movements represent a dan-
gerous progression for the ACLR patient. They are 
also psychologically challenging for the patient due 
to their nature. The ability to absorb forces eccentri-
cally and dissipate these via the neuromuscular sys-
tem is an essential aspect of functional performance. 
Single leg landing and deceleration tasks represent a 
transition to loading of 2-3 times body mass on each 
limb.59 As such, prior to initiating single leg landing 
tasks on the ground, it is recommended that the ath-
lete restore knee extension strength to within 20% 
of the contralateral limb (e.g., 80% LSI, assessed via 
isokinetic or hand-held dynamometry) and have 
attained good single leg strength. It is advised the 
patient attain the ability to push 1.5 times body mass 
(or 2 times body mass for eccentric strength) in the 
single leg press exercise prior to progressing to single 
limb decelerations for optimal progression. Following 
the attainment/ practice of landing control drills it is 
important to practice these movements during more 
natural deceleration tasks from running. Initially, 
single leg landings/decelerations should be practiced 
on a surface which absorbs forces (e.g., mats, trampo-
lines, sand) to reduce potentially high impact forces, 
with a progressive increase in height (e.g., 20, 30 and 
then 40 cm landings from step) or gradually progres-
sive speeds prior to initiating deceleration actions. 
The focus task for progression to the subsequent task, 
should be optimal control and kinematics in a single 
limb deceleration from straight line run.

Unilateral plyometrics –Single leg drop jump
Sporting movements that include change of direc-
tion mimic the nature of unilateral plyometrics. Ply-
ometric drills can improve neuromuscular control 
in athletes, which can become a learned skill that 
transfers to sporting competitive movements.60 It is 
important to progress from uni-planar to multi-planar 
plyometrics as a progression and foundation for the 
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practice of sport-specific tasks. It is recommended 
that satisfactory movement quality be achieved in 
the unilateral drop jump, with optimal force absorp-
tion prior to progression to rotational plyometrics 
or change of direction tasks. Unilateral plyometrics 
have typical landing forces between 2-6 times body 
mass.31,34 Thus, representing a potentially dangerous 
activity for both possible injury and/ or joint over-
load. The eccentric nature can also result in high 
levels of muscle soreness, as such careful monitor-
ing and implementation is needed. 

Change of direction ability/coordination – 90º 
cut maneuver
Regaining symmetry in high load sporting tasks may 
be associated with lower re-injury risk.6,7 Multidirec-
tional movements and higher movement speeds 
place greater load on the knee, so it is important 
to gradually increase movement speeds61 and com-
plexity.62,63 Knee abduction loads in side-step cutting 
are five times greater in handball elite players than 
the knee abduction loads in drop vertical jumps.58 
Beginning with simple movements and short angle 
changes is encouraged to limit the loading on the 
knee. Furthermore, learning the technique with a 
slow change of directions (e.g., two movements, 
with a slight pause in between movements) can 
allow safe introduction and training. Coaching the 
discrete movement (e.g., step-cut), training coordi-
nation and technique with a single or two steps into 
the movement (as such with lower approach speeds 
and body momentum to deceleration), prior to then 
gradually increasing the speed running speeds prior 
to cutting, once the optimal technique has been prac-
ticed and learnt is recommended. Optimal control 
in a 90º cut maneuver (Figure 2) is recommended 
before transitioning to sport-specific (reactive, con-
tact, skills training) movement training. 

Sport-specifi c movements – Movement 
control under sport specifi c change 
of direction
Training neuromuscular control in sport-specific 
movements and during skill-based training ses-
sions helps the athlete prepare for safe participa-
tion in sports like soccer. To do this, a program of 
progressive sport-specific movements must be cre-
ated, supporting transfer of movement patterns into 

sport-specific scenarios. This includes a gradual pro-
gression to more challenging tasks at higher speeds, 
to high speed reactive multi-directional tasks and 
then sport-specific tasks with more challenging 
visual-motor requirements (e.g., greater number 
of choices).61,63 Reactive movements can challenge 
movement quality and increase knee loads more 
than planned movements.62 Thus, delaying reactive 
movement training until the athlete has achieved 
safe movement quality in pre-planned tasks, and 
restoring and confirming safe movement quality in 
reactive movements prior to RTS, are crucial aspects 
of movement based re-training process. Injuries to 
the ACL typically occur in sporting activity, involv-
ing complex stimuli and an external focus of atten-
tion.64 It is important to transition from the conscious 
controlled movements with limited external distrac-
tion and pre-planned nature to the highly chaotic 
and reactive nature of movement requirements in 

Figure 3. Perturbation training on the fi eld to prepare an 
athlete for contact upon return to play. The athlete must aim 
to maintain optimal control and kinematics as well as ball 
contact with contact using swiss ball or another devise, such 
as player-to-player contact.
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sporting activity.65 Evidence suggests that an exter-
nal focus of attention with movement training 
results in superior retention of tasks.66 Ecological 
dynamics states that skilled performance arises from 
performer-environment interaction. It is essential to 

appreciate the role and importance of perception/
cognition in movement and ensure this process is 
trained in the movement specific drills. The pro-
gram entails gradually exposing newly acquired 
movement patterns to sport-specific situations 

Table 1. Ten task progressions after ACL reconstruction, with the specifi c tasks, exercise 
group and the required strength and knee range of motion to allow unrestricted practice of the 
tasks. Strength is measured with isometric or isokinetic knee extension and leg press and/or 
squat strength testing. Squat strength reported is the force expressed as a percentage of body 
mass measured isometrically with force plate and isometric testing rig and not the additional 
load lifted during free weight squat.
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with increasing complexity, decision making (e.g., 
choices) and environmental stimuli to support the 
transfer and preparation for application of their 
motor skills in their sport-environment. In addition, 
incorporating perturbation/ contact training (Figure 
3) is important to prepare for team sports such as 
soccer which involve player to player contact. 

SUMMARY
Establishing clear task-based progressions can pro-
vide structure to a rehabilitation approach and give 
autonomy and motivation to a patient after ACLR. 
This clinical commentary presents 10 task-based pro-
gression which can be used by clinicians for their 
patients who intend to return to sporting activity after 
ACLR. Progression through a task and between tasks 
is based on respecting the joint, strength, movement 
quality and muscle soreness. Many aspects of func-
tion do not typically normalize within the first year 
after ACLR and stronger attention to achieving opti-
mal and symmetrical movement quality is needed. 
The presented task-based framework is evidence 
informed and based on applying theory into practice. 
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ABSTRACT
Context: The shoulder complex is frequently injured during sports. The tremendous mobility of the shoulder makes 
returning to sport participation following shoulder injury a challenging task for both the clinician and athlete. The 
purpose of this clinical commentary is to review the current literature on return to sport criteria and provide evi-
dence-informed and clinically useful guidelines and recommendations to aid in clinical decision making for return to 
sports after shoulder micro- and macro-traumatic injuries.

Evidence Acquisition: A search of the PubMed database using the terms functional tests, upper extremity testing, 
return to play, and shoulder injury was performed. Further evaluation of the bibliographies of the identified articles 
expanded the evidence. This evidence was used to inform the clinical commentary.

Results: Return to sport decision making is a sequential, criterion-based process. Assessment of patient reported 
outcomes, range of motion, strength, and functional performance must all be considered. Numerous tests are avail-
able for the clinician to determine whether a patient is ready to return to sports following a shoulder injury or sur-
gery. A different set of tests should be utilized for the overhead athlete (microtrauma injury) compared to the patient 
with a macrotraumatic shoulder injury because of the differing demands and sports requirements. 

Conclusion: Use of pre-determined criteria, available in the literature, minimizes the reliance on the subjective ele-
ment alone during takes athlete progression and provides everyone involved in the process with known, pre-estab-
lished, measurable markers and goals that must be achieved prior to progressing to practice and returning to 
competition. This type of performance progression assessment testing provides the clinician with a useful set of tools 
to objectively assist and guide the determination regarding when an athlete can safely progress back to practice and 
then return to unrestricted athletic activities

Level of evidence: 5

Keywords: Glenohumeral joint, return to play, overhead athlete, functional tests, rehabilitation, movement system
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INTRODUCTION
The shoulder complex is frequently injured during 
sports and everyday activities. In sports like baseball, 
the shoulder produces the highest angular veloci-
ties of any human movement (greater than 7,200 
˚/s)1 and places tremendous stress on the shoul-
der complex (Up to 1x body weight), making the it 
susceptible to various non-contact injuries. At the 
NFL combine 9.7% of athletes had shoulder insta-
bility and shoulder stabilization procedures were 
in the top four most commonly performed surgical 
procedures.2 The shoulder has the greatest range of 
motion of any joint in the human body. This tremen-
dous mobility makes returning to sport participation 
following a shoulder injury, whether non-operative 
or post-operative, contact or non-contact, a challeng-
ing task for both the clinician and the athlete.

“When can I play again?” This is possibly the most fre-
quently asked question by an athlete following any 
type of injury. The simple answer is the athlete can 
resume athletic activity again when they are ready 
and not before. While this answer may sound flip-
pant, it is in fact very true. Nothing is more demoral-
izing to an athlete, and produces a more problematic 
set back in the rehabilitation process than develop-
ing reactive symptoms when trying to resume ath-
letic activity before an athlete is functionally ready 
and capable. Additionally, the use of time as the sole 
determination of when an athlete may resume prac-
tice or play following a shoulder injury or surgery 
is a critical error. The time from the injury itself is 
not the primary element that will determine readi-
ness to return to practice or competition. The recov-
ery and return to play of an athlete after injury is a 
multifaceted clinical decision. However, because of 
soft tissue healing constraints, it is also important to 
consider the temporal aspects, particularly follow-
ing surgery.

Alentorn-Geli et al studied return to sport after 
arthroscopic shoulder capsulolabral repair and 
reported an 86% return to sport with 73% of the sub-
jects returning to the same level of play.3 Return to 
sport was allowed once pain free range of motion 
and >80% of strength compared with the contralat-
eral side was achieved.3 Similarly a study assessing 
return to sport after arthroscopic shoulder plica-
tion for multidirectional instability reported a 90% 

return to the same level of play.4 Return to play was 
determined by range of motion, time from surgery 
(three months for non-contact and six months con-
tact sports), and the Oxford Instability scores pre- 
and post-operatively.4 However, recently Aboaloata 
et al5 reported a return to the same level of sport 
at significantly lower rates in a study looking at 
the long term outcomes after arthroscopic Bankart 
repair for anterior-inferior shoulder instability. This 
case series evaluated the results of 143 cases with 
an average follow up of 13.3 years. While the results 
of the study revealed a high rate of patient satisfac-
tion at 92.3%, the return to sport at the same level 
was only 49.5%.5 The cessation of rehabilitation was 
determined by presence of dyskinesia, subjective 
apprehension, and presence of range of motion defi-
cits, or lack thereof.5 No mention was made of func-
tional testing or sport specific testing being assessed 
prior to discontinuing rehabilitation. This suggests 
that while the overall satisfaction was high, return 
to sport could have possibly been higher had a com-
prehensive criteria-based approach been utilized to 
determine cessation of rehabilitation. Also of inter-
est, those who performed rehabilitation for less than 
six months had a significant reinjury rate compared 
to those who performed physical therapy greater 
than six months, 23.1% and 9.6% respectively.5 
Thorsness et al6 has also illustrated that return to 
play outcomes are often poorly described when 
evaluating overhead athletes specifically.

Adv ocacy for the use of subjective rating via the 
Numeric Pain Rating Scale (NPRS) or Visual Analog 
Scale (VAS), objective criteria, patient reported out-
comes including those related to athlete confidence, 
and the successful performance of specific objective 
functional tests should be promoted by all sports 
physical therapists, in order to determine when 
an athlete is ready to begin practice and return to 
participation. Using specific criteria to progress an 
athlete through the rehabilitation course assists in 
guiding the process and in progressing the athlete 
only when they are physically capable of advance-
ment, rather than based solely on an arbitrary time 
frame. 

Using specific objective functional tests and pre-
determined criteria minimizes the reliance on the 
subjective element alone during athlete progression 
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and provides everyone involved in the process with 
known, pre-established, measurable markers and 
goals that must be achieved prior to progressing to 
practice and returning to competition. An objective 
format, using a criterion-based process, serves both 
to motivate the athlete and to eliminate as much 
of the guesswork as possible out of answering the 
question of, “when can I play again?” In addition, 
subjective patient reported outcomes (PROs) includ-
ing the athlete/patient’s psychological feedback are 
also necessary. The patient must return to sport 
without the fear of re-injury (kinesiophobia), fear 
that the shoulder is not ready, or any apprehension 
during shoulder movement. Such considerations 
are well reported in the knee literature following 
ACL injury and surgery7,8 and should be applied to 
return after shoulder injury and surgery. Tjong and 
colleagues9 conducted a case series of 25 patients 
after arthroscopic Bankart repair and detailed the 
multimodal factors that contribute to return to 
sport. Although functional scores and stability were 
good there was only a 44% return to sport. Fear of 
re-injury (kinesiophobia) was one of the most com-
mon concerns discussed by all patients who had 
returned to sport at some capacity as well as those 
who returned to the same level or higher. The par-
ticipants recalled their apprehension with shoulder 
use that they initially felt after injury and described 
the same apprehension with returning to sport and 
not all were able to overcome this intrinsic fear.9

The purpose of this clinical commentary was to 
review the current literature on return to sport cri-
teria and provide evidence-informed and clinically 
useful guidelines and recommendations to aid in 
clinical decision making for return to sports after 
shoulder micro- and macro-traumatic injuries. A 
select number of functional tests for assessing the 
overhead athlete’s shoulder (microtrauma) and 
the shoulder after macro traumatic injury will be 
described followed by brief mention of additional 
relevant tests described within the literature. The 
current literature has over 500 articles written on 
return to play guidelines, criteria, and suggestions 
following knee injuries; whereas by comparison 
articles addressing return to play following shoulder 
injury are lacking in volume. Finally, the tests the 
authors prefer to use will be discussed.

RETURN TO PARTICIPATION PROCESS AND 
CRITERIA 
The transition from rehabilitation back to sport fol-
lowing a shoulder injury or surgery follows three 
sequential steps. The first is a return to high-level 
performance rehabilitation and training. The second 
step is the resumption of participation in practice 
that sequentially progresses from limited, con-
trolled activity to unrestricted practice. Finally, the 
third step is a return to unrestricted participation 
and competitive play. This program is referred to as 
the “3 P Program: Performance, Practice and Play” 
(Table 1). The first two steps must be successfully 
accomplished prior to the athlete attempting any 
level of unrestricted play.7

P1: Performance Training. The fi rst step in the 
sequential progression of shoulder injury rehabilita-
tion involves the restoration of function through 
sport-specifi c training for athletes returning to com-
petition. This must include the ability to success-
fully and asymptomatically perform sports specifi c 
drills including plyometrics, agility drills, end range 
proprioceptive exercises, and perturbation drills in 
the clinical setting. These drills differ by sport and 
activity but should mimic the activity demands and 
nature of the sport in a progressive and sequential 
manner. During this mode of training the specifi c 
movement patterns required for asymptomatic 
shoulder function are learned and integrated. A pro-
gression of challenges is provided in a controlled set-
ting that focuses on achieving and maintaining end-
range stability during challenging athletic activities 
similar to those encountered during competition.

P2: Practice Participation. Next an athlete 
advances from the performance training phase of 
rehabilitation into controlled participation in a prac-
tice setting. This process involves the gradual pro-
gression of participation via sequentially increasing 
the volume/dosage, including time, intensity, and 
repetitions performed by the athlete during practice. 
This progression begins at lower intensities and 
gradually increases from 50-60% up to a 75% level, 
advancing to 80-90% and fi nally 100% effort and 
exertion. Once 100% intensity and effort are obtained 
in practice the athlete should be advanced to a prac-
tice game or scrimmage activities. In addition, in 
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this practice phase exposure time is also controlled, 
to gradually improve endurance. For example in 
baseball, a pitcher would be placed on a pitch count 
and in football, the player will be on a play count or 
time monitored program.

P3: Play. Following the successful advancement 
through a controlled practice progression the athlete 
is evaluated for readiness to resume competition in 
game situations at 100% effort.

Successfully advancing functional activity beyond 
performance training back into participation in prac-
tice and then competitive play, requires more than 
just a decision based on subjective criteria, such as 
how the athlete says their shoulder feels. The com-
plex nature of progressing an athlete back into unre-
stricted participation following any shoulder injury 
or surgery requires assessing and measuring the key 
functional elements necessary for symptom-free ath-
letic performance of the shoulder and upper extrem-
ity. The athlete must also demonstrate sufficient 
confidence in the affected extremity to successfully 
return to sport without any fears or limitations. The 

criteria evaluated to assist in determining when an 
athlete can return to practice and then unrestricted 
competition are presented in Table 1. 

A battery of tests is incorporated that are designed 
to determine activity readiness prior to the intro-
duction of demanding functional athletic practice 
or competitive participation to reduce the risk of 
re-injury or contralateral injury as well as promote 
psychological confidence in the involved shoulder. 
The program described herein rank-orders the rela-
tive demand of functional activities required for ath-
letic participation and guides advancement back to 
unlimited activity via defined criteria to determine 
readiness for resuming practice and then unre-
stricted participation following shoulder injury. The 
tests performed and criteria used to progress an ath-
lete back to participation in practice and then com-
petition are outlined in Tables 2 and 3.

Patient Reported Outcome Tools
The American Shoulder and Elbow Surgeons (ASES) 
Shoulder Score assessment tool is administered to 

Table 1. The 3 P Program.
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assist in determining the athlete’s self-assessment 
of the functional status and confidence in their 
shoulder. Patient’s self-reported functional scoring 
can be performed with one of these two self-assess-
ments: The Western Ontario Shoulder Instability 
Index (WOSI) or the Kerlan-Jobe Orthopaedic Clinic 
Shoulder and Elbow Score (KJOC). Kirkley et al.10 
developed the WOSI. It includes 21 questions which 
evaluate components of the patient’s physical and 
psychological status (Appendix A). Alberta et al.11 
developed the KJOC self-assessment for overhead 
athletes. This evaluation form is beneficial for the 
overhead athlete who has been treated for shoulder 
injury or instability. (Appendix B)

The Design and Testing of the Degree of Shoulder 
Involvement in Sports (DOSIS) scale by Blonna et 
al.12 was developed to assess athletes affected by 
shoulder instability. It was based on three param-
eters: 1) Type of sport, 2) Frequency with which 

the sport is played, and 3) Level at which sport is 
played. It was developed with 85 patients who were 
affected by recurrent anterior shoulder instability 
who underwent either a Bristow-Latarjet procedure 
(41/85) or Bankart repair (44/85). The average age of 
follow up was 33 years old (range 19-63 years). The 
scale showed good criterion validity when compared 
against the Tegner activity scale. The test-retest reli-
ability using ICCs was found to be 0.96. Blonna et al. 
reported that it represented acceptable psychomet-
ric features and was a valid instrument for shoul-
der assessment after instability. The DOSIS scale 
is another scale that can be used for sport-specific 
shoulder assessment following surgical procedures 
that address anterior shoulder instability. 

Range of Motion (ROM)
Active and passive ROM of the shoulder is evaluated 
to ensure that the athlete exhibits full sport-specific, 

Table 2. Criteria to begin participation in practice.

Table 3. Clearance Criteria for Return to Sport.
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non-painful and non-apprehensive ROM of the 
shoulder joint. Elevation, internal and external rota-
tion (ER) in the supine 90/90 position, as well as, 
horizontal abduction and adduction are all assessed. 
The athlete should also present with a normal clini-
cal examination including, no pain, tenderness, 
apprehension or other abnormal findings, particu-
larly in the assessment of provocative instability 
signs. In patients who have experienced episodes of 
instability, it is important to evaluate apprehensive-
ness with passive external rotation ROM.

Overview of Functional Tests Described in 
the Literature 

Recommended Functional Tests and Range 
of Motion for the Overhead Athlete 
(Microtrauma) (Table 4)

Range of Motion
Prior to the return to practice participation (P2) the 
overhead athlete must demonstrate the following 
requirements. The athlete should have full, non-pain-
ful ROM. For the overhead athlete full ROM is shoul-
der total rotational range of motion (TROM) within +5 
of the non-throwing shoulder for both internal rota-
tion (IR) and ER motions for a total of a 10˚ window.13 
The athlete should also exhibit horizontal shoulder 
adduction >40˚ on the throwing shoulder. Total gleno-
humeral internal rotation deficit as compared to the 

non-dominant shoulder should be <15˚ and elbow 
and wrist range of motion should be deemed within 
normal limits for each individual athlete.14

Isokinetic Testing and Hand-held 
Dynamometry
Isokinetic testing or hand-held dynamometer assess-
ment of the shoulder IR and ER is also conducted in 
order to assess shoulder strength and power. It is impor-
tant to evaluate specific parameters to ensure that the 
athlete exhibits appropriate strength and power rela-
tive to the unilateral ratio between their shoulder IR 
and ER musculature, their ability to generate torque 
in relation to their body weight (allometric scaling) as 
well as bilateral comparison of strength. Normative 
values for these key parameters include: ER/IR ratio 
72-76%, ER torque to body weight ratio of 18-23%, IR 
torque to body weight ratio of 26-32%, bilateral com-
parison of ER 95-100% and bilateral comparison of 
IR 100-115%.15,16 Prior to the return to throwing on a 
flat ground the authors recommend specific goals for 
these values, as outlined in Table 4.

Ball Drop Test
The ball drop test has been developed to evaluate 
endurance of the shoulder complex, willingness to 
move quickly, and dynamic stability. It is performed 
in the prone position with the arm abducted at 90˚ 
with the elbow extended, using a 2-pound weighted 

Table 4. A list of recommended Upper Extremity Tests for use after Micro- and 
Macro-Trauma.
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ball with the arm being tested completely off the 
plinth as a measure of dynamic stability of the 
shoulder. (Figure 1) The test is performed for a bout 
of 30 seconds counting the number of releases and 
catches and then compared involved to uninvolved 
side for a performance percentage. A satisfactory 
score is > 110% on the dominant extremity based on 
the number of catches, compared to the non-domi-
nant. Scoring is based on unpublished clinical data 
collected by the authors.

Wall Throws Test at 90˚/90˚
Another test for assessing the overhead throwing ath-
lete’s endurance, strength, mechanics and propriocep-
tion is the wall throws test at 90˚/90˚ (Figure 2). The 
patient stands in a doorway and throws a 2 lb plyoball 
against the wall at 90 degrees of abduction for 30 sec. 
The number of throws on both the dominant and non-
dominant shoulder are calculated. Based on unpub-
lished data collection on overhead throwing athletes 
the bilateral comparison should be 112% or greater 
on the dominant side. In addition, higher level ath-
letes (professional baseball players) exhibit a higher 
difference than high school or collegiate athletes. 
Unpublished clinical data collected by the authors 
have shown the ratios between dominant and non-
dominant arms of the athletes has remained consis-
tent despite number of repetitions and level of play.

Functional Throwing Performance Index
The Functional Throwing Performance Index (FTPI), 
a test described by Davies et al.17 is a functional 

assessment of the throwing athlete. The test is used 
to assess the athlete’s ability to utilize the entire 
kinetic chain during the throwing motion, their 
throwing mechanics, and willingness to throw. The 
FTPI is a test that involves throwing a rubber ball 21 
inches in diameter 15 feet from a target that is 4 feet 
high from the floor and a target one square foot in 
size. The test requires a warm up of 4 sub-maximal 
to controlled maximal throws (25,50,75,100% effort). 
The test is performed and the clinician records three 
trials of the total number of throws divided by accu-
rate throws within a 30 second timeframe. Davies 
et al18 also described FTPI normative data for both 
males (47%) and females (29%). The test-retest reli-
ability is ICC=0.9117 

Single Leg Step Down Test:
The single leg step down test is a test utilized to 
assess the strength and stability of the pelvis and 

Figure 1. Ball Drop Test: Patient is in prone position on 
table with 2 lb plyoball in hand performs ball drops & catches 
for 30 second with the shoulder abducted to 90˚ and elbow 
extended.

Figure 2. Wall Throws 90˚/90˚ Test: The patient stands in 
a doorway and throws a 2 lb plyoball against the wall at 90 
degrees of abduction for 30 sec. The number of throws are 
calculated on both the dominant and non-dominant shoulder.
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lower extremities. The time allotted for this test is 
30 seconds, in order to achieve a satisfactory score, 
the athlete must be able to perform 10 repetitions. 
The clinician must make qualitative note of the 
pelvis and trunk positioning, specifically the pres-
ence of a contralateral drop and ipsilateral lean as 
compensatory patterns for weakness. Although this 
test is not a test of the shoulder specifically, weak-
ness of the lower extremities in single leg stance 
can contribute to altered mechanics in the throw-
ing motion potentially making the shoulder more 
susceptible to re-injury. The test is performed bilat-
erally to assess both the lead leg and hind leg of the 
throwing athlete.

Interval Throwing Program
The interval throwing program (ITP) is designed 
and is commonly utilized to gradually return 
motion, strength, and confidence in the throw-
ing arm after injury or surgery by progressing 
through the graduated throwing distances outlined 
in the program. The ITP is designed so that each 
step must be completed without complications or 
pain before advancing to the next step. This sets 
up a criterion-based progression with successful 
completion of the next step as the goal rather than 
advancing on a timeframe. The ITP can be used for 
all levels of competition from high school to profes-
sional. Progression through the program will vary 
from athlete to athlete due to the individual vari-
ability of injury severity and ability level. There is 
no set timeframe in terms of days to complete it. 
The ITP should be completed using the crow-hop 
method and approximately 60% of maximal effort 
for steps 1 through 10. After successful completion 
of step 10, position players can begin simulating 
game situation throws with a graduated intensity 
level. Pitchers should advance through steps 11 
and 12 at an intensity of 70-75% before they begin 
to throw off the mound. Successful completion of 
the entire program should be achieved by pitchers 
before progressing to game situations. (Table 5)

Functional Tests After Macrotrauma: 
(Table 4)

Push-up Test
A push-up test is performed as a measure of mus-
cular endurance of the upper body and shoulder 

complex.19 The test is performed in either a stan-
dard push-up position for men or a modified push-
up position for women. The athlete is to lower 
their body from the “up” position, with the arms 
fully extended, towards the testing surface until 
the upper arm is parallel with the surface. After 
a warm up is completed, a series of three 15 sec-
ond maximal effort trials are performed. Each trial 
is accompanied by 45 seconds of rest. The test is 
a measure of the average number of correct form 
push-ups an athlete can perform. The test has a 
known test-retest reliability of ICC=0.96.18 

Closed Kinetic Chain Upper Extremity 
Stability Test
The Closed Kinetic Chain Upper Extremity Stabil-
ity Test (CKCUEST) is administered as a measure 
of upper quarter stability, agility and power.20,21,22,23 

The test is performed in a pushup position with the 
hands placed 36 inches apart on strips of athletic 
tape. The person reaches with alternating hands 
across the body to touch the piece of tape under 
the opposing hand. (Figures 3a&3b) The number 
of cross-body touches performed in 15 seconds is 
recorded, followed by 45 second rest, for a total of 
three sets. The number of total touches is averaged. 
The test-retest reliability is ICC=0.922.20

One Repetition Maximum Bench Press Test
A one repetition maximum (1RM) bench press is uti-
lized as an assessment of upper extremity strength.24 
The test is evaluated for symmetrical performance 
without compensation, lag or substitution. If avail-
able, pre-injury 1RM maximum lift scores are utilized 
as a comparison to assist in determination of func-
tional strength. The test re-test reliability of this test 
has been established at ICCs=0.997 for males and 
ICCs=1.000 for females, in total the ICCs=0.999.24

Unilateral Maximum Chest Press Test
A unilateral maximum (1 RM) chest press test can 
be utilized by the clinician using a chest press iso-
tonic weight machine. The senior author of this 
manuscript has used this test on athletic patients 
with the goal being 80% or greater on the involved 
side compared to the uninvolved side. Although a 
clinically useful test, there is no data or research to 
validate this test method. (Figure 4)
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Unilateral Pulling Assessment
A unilateral pulling assessment using a cable machine 
to perform a standing pull back is performed for 20 
repetitions with each arm to assess efficiency and 
imbalances during pulling movements.24 In addition 
to a side-to side strength comparison, the movement 
is evaluated for undesired compensations, such as, 
arching the low back, shoulder elevation and forward 
head positioning. The authors use a side to side com-
parison of 95% or better is used as a passing score in 
assessing this measure.

Single Arm Pushing Assessment
Like the pulling assessment, a single arm pushing 
assessment is performed to assess movement effi-
ciency and imbalances during pushing activity.24 Again, 
the test is administered using a cable machine and 20 
repetitions are performed with each arm. This evalu-
ates both the amount of weight that the athlete can use 
for the test and the presence of undesired movement 
compensations. Like the pulling assessment above, the 
authors use a side to side comparison of 95% or better 
as a passing score when assessing this measure.

Table 5. Interval Throwing Program.
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minimizing the use of the legs and trunk. After two 
practice trials, the distances of three maximal effort 
trials are then recorded for a successful test session, 
with an average distance being used as the final test 
value. Negrete et al.18 has also recorded good test-
retest reliability for the non-dominant (ICC:0.97) 
and dominant arm (ICC: 0.99) in young male and 
female subjects within the literature. Negrete et al.18 
and Chmielewski et al.30 document normative data 
in the literature for select populations including 
young males and females (average age 24.3 years) 
and the following collegiate sports, men’s foot-
ball, men’s baseball, women’s basketball, women’s 
lacrosse, women’s softball, and women’s volleyball.

Upper Extremity Hop Test
The Upper Extremity Hop Test is a test described 
by Falsone et al.31 The test was designed by the Uni-
versity of North Carolina Sports Medicine staff and 
used to simulate the axial loading required in sports 
such as wrestling, gymnastics, and football. The test 
requires the patient to place one arm in weight bear-
ing in a push-up position while the non-weight bear-
ing limb is placed on the lumbar spine. The patient 
then uses the weight bearing extremity to hop onto a 
step (10.2 cm in height) and off the step five times as 
quickly as possible. Falsone et al.31 documented test-
retest reliability amongst male collegiate wrestlers 
(ICC: 0.81) and male collegiate football players (ICC: 
0.78). Also documented within the study, Falsone 

Figure 3. Closed Kinetic Chain Upper Extremity Stability Test (CKCUEST): a) The patient assumes the pushup position with the 
hands placed 36 inches apart on strips of athletic tape. b) The patient reaches with alternating hands across the body to touch the 
opposing piece of tape as many times as possible in 15 seconds.

Upper Quadrant Y-Balance Test
The Upper Quadrant Y-Balance Test (YBT-UQ), a 
test similar to the Lower Quadrant Y-Balance Test 
(YBT-LQ) except for the upper quadrant, was first 
published by Westrick, et.al35 as an assessment of 
upper quarter closed kinetic chain performance 
in the rehabilitation setting. The test involves 
maintaining sustained unilateral stance with one 
upper extremity (UE) while the other reaches out 
in a smooth and controlled manner in the medial, 
superolateral, and inferolateral directions. The aver-
age distance reached based on three trials is then 
recorded. Westrick et al.26, and Gorman et al.27 have 
demonstrated good test-retest (ICC: 0.91,0.92 and 
0.80-0.99 respectively) and inter-rater reliability 
(ICC: 1.00) as well as the establishment of norma-
tive data for active adults and young adults. Taylor 
et al.28 has also documented normative data for male 
and female collegiate athletes using this test.

Single Arm Seated Shot-Put Test
The Single Arm Seated Shot-Put test was first 
described in the literature as an assessment of 
upper body power in adolescent wrestlers in 1992 
by Mayhew et al.29 The test is conducted utilizing a 
six pound ball, while the participant is seated with 
their back against the wall, and knees bent so that 
their feet are flat on the floor. The participant is 
then required to push the ball from shoulder level 
maintaining contact with the wall behind them, 
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et al.31 found on average the non-dominant upper 
extremity performance times were 4.4% slower than 
the dominant. Although this was not found to be sta-
tistically significant it may be of clinical significance. 

Flexed Arm Hang
The flexed arm hang is a test that has been utilized 
in the military for females in lieu of pull ups to 
assess upper extremity endurance. The amount of 
time a subject can keep their chin above the bar is 
recorded.32 A minimum passing score is a 15 second 
hold and a maximum score is attained by hanging 
for at least 70 seconds.

Modifi ed Pullup Test/Pullup Test
Negrete et al.18 has described the timed modified 
pullup test in which the subject lies supine with 
a bar just above arms length. Men are supported 
at the heels and women are supported just below 
the knees. The subject pulls their body to the bar 
from a hanging position until the upper arms are 
parallel with the floor. After a warm up is com-
pleted, a series of three 15 second maximal effort 
trials are performed. Each trial is accompanied 
by 45 seconds of rest. Score is attained by calcu-
lating the average repetitions performed. The 
modified pullup test has a test-retest reliability of 
(ICC=0.99)18 The pullup test described by Reiman 
et al33 is a test commonly used within the military 
to assess upper extremity strength and endurance. 
The number of repetitions is recorded each time 
the patient returns to the hanging position. The 
test-retest reliability for the pull-up test has been 
described as ICC= 0.88 in a study performed by 
Burnstein et al.34

Underkoffl er Softball Throw 
Collins et al.35 has described the Underkoffler Soft-
ball Throw for Distance (UOSTD) in which the sub-
ject throws a softball as far as they can with one 
crow hop step, with the resultant distance recorded. 
This test is a progression from the FTPI test which is 
submaximal to the UOSTD being performed with a 
maximal intensity effort. The UOSTD is a maximal 
total body effort test which needs to be performed in 
a large area. When the subject performs the test, the 
clinician performs a qualitative movement analysis 
as well as the quantitative performance outcome. 
The results can be evaluated by using test-retest 
data for serial reassessment. Collins et al.35 has 
established the test re-test reliability to be ICC=0.95

Medicine Ball Tests
In the seated medicine ball 2-arm chest pass, the 
athlete is seated with their back against the wall and 
the ball is then tossed from the level of the chest 
with both hands.36 Similarly there is also a backward 
overhead medicine ball toss in which the patient 
performs a counter-movement and then contin-
ues to throw the medicine ball over their head as 
far as they can, a measure of total body kinematic 
power.37,38 Ikeda et al.39 described a sidearm medicine 

Figure 4. Unilateral seated isotonic chest press test (1 RM 
test). The patient is seated on an isotonic chest press machine. 
With one upper extremity at a time the patient performs a 
unilateral press while the contralateral upper extremity is 
relaxed in a neutral position. The test is complete once a 1 
Repetition Max (1RM) has been achieved for each upper 
extremity.
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Table 6. (a) Criteria to return to Phase I Throwing (Long Toss), (b) Criteria to 
return to Phase II Throwing (Mound Throwing).
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ball throw to assess total body kinematic power. The 
patient stands with their arms straight out in front 
of their body. The subject then performs a coun-
ter movement prior and then forcefully rotates and 
extends their body throwing the medicine ball in a 
sideways direction.

TESTS UTILIZED IN CLINICAL PRACTICE
There are numerous tests available for the clinician 
to determine whether a patient is ready to return 
to sports following a shoulder injury or surgery. A 
different set of tests should be utilized for the over-
head athlete (microtrauma injury) compared to the 
patient with a macro trauma injury because of the 
demands different sports require of the shoulder. 
Test selection in P1 attempts to clinically replicate 
specific sport demands as much as possible to better 
assess functional capacity prior to release to P2 and 
ultimately P3. Table 6a outlines the clinical exam 
and requirements for the overhead athlete to return 

to Phase I throwing. In Table 6b the requirements to 
return to Phase II (throwing off the mound) are out-
lined. Table 7 outlines the performance progression 
assessment tests we most commonly utilized for 
patient’s following shoulder instability or surgery. 
Each component of the testing is important, how-
ever, there are certain components which are vital 
to the successful and non-restricted return to sports. 
These include ROM, no apprehension, clinical sta-
bility on specific testing (drawer & fulcrum tests), 
appropriate strength and endurance (ball drop test), 
and patient’s psychological response (level of confi-
dence). The WOSI subjective scoring is an excellent 
and valid indicator of shoulder stability in the gen-
eral orthopaedic patient or collision athlete. Table 
9b details how the athlete must score in each of the 
previously mentioned areas in order to begin par-
ticipation in practice and Table 9c depicts how the 
athlete must score in order to be cleared to return 
to sport.

Table 7. Shoulder Instability Performance Progression Assessment Testing Form.
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CONCLUSIONS
The type of performance progression assessment 
presented herein provides the clinician with a use-
ful set of tools to objectively assist and guide the 
determination regarding when an athlete can safely 
progress back to practice and ultimately return to 
unrestricted athletic activities. In addition, the 
results of the testing will provide information 
regarding the patient’s status in the rehabilitation 
program and it may provide incentive for patients 
who require additional strength and neuromuscu-
lar retraining. The testing battery purposely incor-
porates a qualitative subjective analysis, conducted 
by the clinician, regarding the athlete’s functional 
ability. A lack of confidence, kinesiophobia, or any 
compensation strategies used during these tasks 
indicates an athlete who requires continued train-
ing and counseling prior to returning to unrestricted 
athletics.
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Appendix A. Western Ontario Shoulder Instability Index (WOSI) 
Shoulder Instability Index (WOSI).
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Appendix A. Western Ontario Shoulder Instability Index (WOSI) Western 
Ontario Shoulder Instability Index (WOSI). (continued)
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Appendix B. The Kerlan-Jobe Orthopaedic Clinic Shoulder & Elbow Score (KJOC).
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Appendix B. The Kerlan-Jobe Orthopaedic Clinic Shoulder & Elbow Score (KJOC). (continued)



ABSTRACT

Patellofemoral pain syndrome (PFPS) is often effectively managed with appropriate exercise prescription, 
yet in many cases PFPS related symptoms can become persistent and result in reduced daily, functional 
and sport-related activity levels. Patellofemoral mobilizations may be incorporated to minimize the impact 
of mobility deficits, and are frequently performed in the patellofemoral joint’s open-packed position of 
knee extension. However, many individuals with PFPS have pain during weight-bearing activities requiring 
knee flexion such as stairs, squatting, or running. Therefore, it seems reasonable that utilizing joint mobi-
lizations in more symptomatic functional positions may enhance treatment plans. The purpose of this 
clinical suggestion is to present patellofemoral joint mobilization options in positions more closely replicat-
ing positions of symptom provocation, in an effort to offer clinicians different intervention strategies for 
the challenging condition of PFPS.

Level of Evidence: 5
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PROBLEM
Patellofemoral pain syndrome (PFPS) is a common 
health condition treated by orthopedic and sports 
practitioners. The condition negatively affects an 
individual’s ability to perform activities of daily 
living and recreation including activities such as 
walking, squatting, stair navigation, running and 
participation in sports. An annual PFPS prevalence 
of 23% in adults and 29% in adolescents has been 
reported within the general population.1 Patellofem-
oral pain can be challenging to successfully manage, 
and has been reported to persist in approximately 
50% of individuals,2-4 lasting decades in some cases.5 
Chronic patellofemoral pain may also contribute to 
early onset of osteoarthritis and chronic pain, high-
lighting the importance of identifying optimal man-
agement options for the condition.6

The patella is the largest sesamoid bone in the body 
and acts as a fulcrum to improve the mechanical 
advantage of the quadriceps. In full knee exten-
sion the patella does not articulate with the femo-
ral condyles, and related to the lack of articular 
congruency, is able to glide more freely. The infe-
rior patellar facet first contacts the femoral condyle 
around 20-30o of knee flexion.7 As flexion continues, 
the congruency between the patella and femoral 
condyles increases, with the greatest contact area 
at approximately 60-90o of knee flexion.7 While con-
tact between the patella and femur increases with 
knee flexion, weight-bearing tasks substantially 
increase the compressive load on the patellofemo-
ral joint (PFJ). Previous studies have shown PFJ 
loads upwards of 1.3x body weight (BW) during nor-
mal ambulation, 3.3x BW during stair ambulation, 
5.6x BW during running and up to 7.8x during deep 
squatting.8 It is not surprising then, that the major-
ity of individuals with PFPS have symptoms with 
loaded activities involving knee flexion.

The etiology of PFPS is multifactorial with numer-
ous risk factors, some of which are modifiable while 
others are not. Altered load and stress to the PFJ 
through impairments of local, proximal and dis-
tal factors is commonly accepted as a factor in the 
development of PFPS. Related to this, targeted exer-
cise and load management is the first line of inter-
vention for PFPS.9 However, as noted previously, a 
large portion of individuals with PFPS have ongoing 

symptoms and lack long-term improvement, which 
may be related to additional impairments that are not 
resolved with exercise. Impairments of joint and soft 
tissue mobility may play a role in the persistence or 
development of pain.10 For example, hypomobility 
of medial PFJ gliding or reduced extensibility of the 
tensor fascia lata, iliotibial tract or lateral retinacu-
lum may increase lateral joint loading during knee 
flexion. Without addressing mobility restrictions, 
improper joint loading may persist. Interestingly, 
patients with PFPS may also demonstrate altered 
psychological function,11 increased temporal sum-
mation of pain,12 impaired conditioned pain modu-
lation,13 widespread hyperalgesia,14 somatosensory 
alterations,15 higher levels of mental distress,16 and 
bilateral tactile sensitivity deficits.17 These findings 
suggest individuals with PFPS may have dysfunc-
tional central pain processing mechanisms, despite 
the local anterior knee pain complaint, which may 
benefit from additional intervention beyond exer-
cise alone.

Among other effects, joint mobilization has been 
shown to improve mobility,18 decrease nocicep-
tive excitability19 and enhance pain modulation20 
in patients with longstanding knee pain, as well as 
reduce widespread hyperalgesia21 and enhance psy-
chological outcomes.22 Given the mobility and cen-
tral pain processing deficits potentially associated 
with PFPS and the purported effects of joint mobili-
zation, joint mobilization seems like a logical inter-
vention in managing individuals with the condition. 
Mobilization of the PFJ is typically performed in 
non-weight bearing positions, where the amount of 
mobility is most easily detected, but where the indi-
vidual’s symptoms are rarely provoked. This may 
contribute to the limited success of patellofemoral 
joint mobilizations in isolation for PFPS compared to 
other multimodal interventions.23 Along these lines, 
if a movement is painful, an individual will fre-
quently develop compensatory movement strategies 
to avoid the pain or will avoid the task completely. 
To this end, if painful positions and movements can 
be less symptom provoking, movement could theo-
retically become more functional.

The purpose of this clinical suggestion is to present 
PFJ mobilization options in positions more closely 
replicating positions of symptom provocation, in an 
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effort to offer clinicians different intervention strate-
gies for the challenging condition of PFPS.

SOLUTION
While appropriate exercise prescriptions can fre-
quently improve outcomes with PFPS, some indi-
viduals with PFPS have numerous impairments of 
both peripheral and central pain mechanisms. Joint 
mobilization has been associated with dampening of 
aberrant pain mechanisms and combined with its 
biomechanical effects could serve as a potent adjunc-
tive intervention in the management of PFPS.24

As the PFJ joint congruency increases with knee 
flexion, and mobility subsequently decreases, mobi-
lizing the individual’s PFJ in the angle or position of 
symptom provocation or joint restriction may allow 
for enhanced PFJ load dispersion and decreased 
pain. Studies have demonstrated that early identi-
fication and improvement in an individual’s pri-
mary symptomatic movement (ie their comparable 
sign) is associated with an improved outcome at dis-
charge.25,26 To this end, the authors present patellar 
mobilizations targeting the painful movement pat-
tern itself. The rationale is to take the proposed ben-
efits from joint mobilizations (which are commonly 
done in open-packed, non-provocative positions) 
and apply them to functional positions where indi-
viduals with PFPS most commonly have pain or limi-
tation. Making a movement less painful or restricted 
(through mobilizations) could enhance the capacity 
to perform the activity.

Below is a proposed progression of patellar mobiliza-
tion options from unloaded and typically less func-
tional, to loaded and more functional (and usually 
more provocative) for persons with PFPS. Figure 1 
is a patellofemoral glide starting in mid-range knee 
flexion in supine. This position replicates the knee 
angle associated with symptoms (ie during squats, 
ascending or descending stairs), but removes the 
weight bearing component thereby reducing some 
compressive load. Figure 2 demonstrates a partial 
weight-bearing patellofemoral glide in a static lunge 
position. This could be an ideal position to mobilize 
the PFJ if the patient is having symptoms in a spe-
cific point in a range of motion in weight-bearing. 
Figure 3 demonstrates mobilization with movement 
(MWM), utilizing a patellofemoral glide in a loaded 

Figure 1. Medial patellofemoral joint glide in non-weight 
bearing knee fl exion. 

Figure 2. Medial patellofemoral joint glide in static weight 
bearing knee fl exion.
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lunge position. The direction of mobilization can be 
based on which motion provides symptom reduc-
tion, and/or whichever direction the therapist feels 
to be restricted. In this demonstration, the medial 
glide is sustained during closed-kinetic chain knee 
flexion. Figure 4 continues the weight-bearing pro-
gression of functional patellofemoral glides during 
a weighted leg-press. With the leg press, load can 
be added to progress from partial weight-bearing to 
full body weight (or more). The medial glide demon-
strated is sustained throughout the leg-press motion 
to theoretically reduce excessive compressive load 
on the lateral knee joint. The final progression dem-
onstrated in this paper is a body-weight squat (Fig-
ure 5). During this task, a sustained glide or graded 
oscillation is applied while the patient performs a 
single or double leg squat. Although the presented 
progression has worked well in challenging cases of 
PFPS for the authors, the decision on how, when or 
why joint mobilization should be applied should be 
patient-specific. Additional positions and tasks could 
also be considered depending on the symptomatic 
and functionally-limited tasks. If joint mobilization 
within the clinic is found to be effective, activities to 
replicate the intervention should be considered as 
part of a home exercise program.27

Providing the reader with specific prescriptions of 
joint mobilization is inappropriate, as manual ther-
apy should be applied in a patient-centric fashion. 
Guiding principles are presented to assist in clini-
cal decision making, however additional resources 
may be helpful for further direction.28 If a patient 
is primarily painful and their pain is limiting their 
performance of other therapeutic tasks, lower grade 
mobilizations without engaging the barrier of tis-
sue resistance could assist in dampening the pain 
response and desensitizing the nervous system 
through neurophysiological effects. If stiffness is the 
primary problem, then higher grade mobilizations 
should be incorporated to mechanically facilitate 
improved motion and decreased tissue resistance. 
The duration of application will typically depend 
on the purpose. When attempting to reduce pain, 
shorter durations should be incorporated to avoid 
aggravating symptoms, giving the patient rest breaks 
between mobilizations. If improving mobility is the 
goal, then the technique should be performed until 
a change in tissue resistance is felt, which generally 
will take longer than achieving neurophysiological 
results. However, given the increased PFJ congru-
ency in knee flexion, available mobility of the PFJ 
will be reduced in some of the positions presented in 

Figure 3. Medial patellofemoral joint mobilization with movement during a unilateral lunge. a) starting position; b) ending 
 position.
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this clinical suggestion, possibly making the assess-
ment of existing joint motion difficult. In the case of 
MWM a pain reducing glide is typically sustained as 
the patient actively moves through the movement 

that was previously painful. If the initially consid-
ered glide direction does not reduce symptoms, 
a different direction glide is applied, until a pain 
reducing glide is found (if possible). During each 

Figure 4. Medial patellofemoral joint mobilization with movement while on the leg press. a) starting position; b) ending position.

Figure 5. Medial patellofemoral joint mobilization with movement during a bilateral squat. a) starting position; b) ending 
 position.
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mobilization, the therapist may consider direct-
ing their glide on the patella at different angles to 
accommodate the anatomical position of the femo-
ral condyles.

Importantly, while arthrokinematics can guide a cli-
nician’s thought process, arthokinematic principles 
are based on cadaveric studies and theory involving 
normal joint surfaces, and the presence of pathol-
ogy, pain, or mobility deficits may make typical 
arthrokinematics less relevant to the patient/ath-
lete. In fact, a glide performed in the opposite direc-
tion of typical arthrokinematic conventions was 
found to be substantially more useful in improving 
range of motion for individuals with adhesive cap-
sulitis,29 reinforcing the need to perform hands-on 
techniques coupled with a dynamic clinical reason-
ing process which responds in-action to the patient’s 
demands while incorporating clinician experience 
and best available evidence. 

DISCUSSION
Patellofemoral pain is a common but challenging 
condition to manage. This is partly due to the vari-
ous physical impairments along the entire lower 
extremity biomechanical chain, variables such as 
training errors, improper shoe wear or type of run-
ning surface, and possible central pain processing 
dysfunction. As high quality research and clinical 
practice guidelines assist in optimizing outcomes, 
the recurrence rate and functional impact of PFPS 
remains high. When coupled with other interven-
tions, joint mobilization has been shown to help 
reduce pain and improve functional outcomes for 
patients with PFPS, with moderate to large effect 
sizes.23,30 However, available research frequently 
emphasizes mobilizations performed in a supine 
position which would allow for greater PFJ excur-
sion, but may inherently lack carryover to the func-
tionally limited task. Performing mobilizations in 
positions where the individual with PFPS is having 
pain (i.e. knee flexion to mimic the position required 
for stairs) may lead to improved patient reported 
outcomes and have more carry over into functional 
tasks. While anecdotal evidence from the authors 
suggests these techniques can be beneficial, addi-
tional research needs to be performed to identify the 
true efficacy. Nevertheless, in the absence of high 
quality clinical trials investigating weight-bearing 

mobilizations for PFPS, and in the presence of high 
prevalence rates of PFPS coupled with longstanding 
cases of limited function, additional approaches to 
current practice should be considered. 

It also needs to be highlighted that the authors do 
not suggest that joint mobilization, functional or not, 
should be performed on all individuals with PFPS. 
Many individuals with PFPS do not have mobil-
ity restrictions, rather, have a reduced capacity to 
control available movement, in which case specific 
exercises and load management would be more ben-
eficial. Joint mobilization would be primarily indi-
cated when pain or mobility deficits are present, 
and even then, should not be used in isolation.10,23 
It is the authors’ hope that this clinical suggestion 
provides readers with additional options for treating 
the challenging condition of PFPS, or at a minimum 
challenges traditional thought processes of joint 
mobilization for peripheral conditions.
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