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ABSTRACT
Background: The anterior cruciate ligament (ACL) is one of the most commonly injured ligaments in the 
knee. With the prevalence of ACL tears increasing, there is a growing need for clinical tests to rule in and 
rule out a suspected tear. A new clinical test for detecting ACL tears has been introduced with preliminary 
studies showing promising results. 

Hypothesis/Purpose: To systematically review and analyze information from the current literature on the 
diagnostic accuracy of the Lever Sign test for the use of diagnosing anterior cruciate ligament (ACL) inju-
ries in a clinical setting. 

Study Design: Systematic review and meta-analysis

Methods: A computerized search of PubMed, Cinahl, Scopus, and Proquest databases as well as a hand-
search was completed on all available literature using keywords relating to the diagnostic accuracy of the 
Lever Sign Test. A quality assessment was performed on each article included in this review utilizing the 
Quality Assessment of Diagnostic Accuracy Studies (QUADAS).

 Results: Eight articles were included, with only three studies exhibiting high quality, however the study 
samples were heterogenous. Included studies indicated that the Lever Sign test is both sensitive and spe-
cific in diagnosing ACL tears. Pooled sensitivity and specificity were 0.77 and 0.90, respectively. The nega-
tive likelihood ratio is 0.22 and the positive likelihood ratio is 6.60. 

Conclusion: The Lever Sign test is comparable to other clinical tests used in current practice to detect an 
ACL rupture. The pooled data from current available literature on the Lever Sign indicate that a positive or 
negative test should result in a moderate shift in post-test probability. This test may be used in addition to 
other tests to rule in and rule out the presence of an ACL rupture.

Level of Evidence: 2a- Systematic Review of Level 2 diagnostic studies

Key Words: Anterior cruciate ligament, diagnostic accuracy, knee, Lelli test, Lever sign test, movement 
system
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INTRODUCTION
Anterior cruciate ligament (ACL) tears are a com-
mon injury with a high prevalence occurring during 
athletic competitions.1 The incidence of ACL tears 
among athletes has been reported at 68.6 per 100,000 
persons per year.2 A higher incidence of ACL tears 
has been noted in females compared to males when 
participating in the same sport.3 Anterior cruciate 
ligament injuries in athletes are more commonly 
due to non-contact mechanisms and are a result of 
deceleration and/or pivoting motions required in 
athletics.4 The ACL acts to resist posterior transla-
tion of the femur on the tibia, thus providing a large 
amount of stability to the knee joint.5 Early diagno-
sis is necessary to determine the best course of care 
and reduce the risk of further injury.

Clinical tests with favorable specificity and sensi-
tivity are needed to determine if additional testing 
or imaging is warranted. Currently there are three 
diagnostic tests that are commonly used to assess 
for ACL tears including the Lachman’s test, ante-
rior drawer test, and the pivot shift test. Of the tests 
previously stated, the Lachman test has long been 
reported to be the most sensitive and specific and 
should be included in every examination of a sus-
pected ACL tear.6-7 Both the Lachman and pivot shift 
tests require the clinician to stabilize one segment 
of the leg while manipulating the other segment. 
This may prove challenging and produce inaccurate 
test results if the patient’s leg is of a larger girth or 
weight than the clinician is able to support. There-
fore, a test that places the clinician in a biomechani-
cal advantage may prove more practical.

Recently, a new clinical test for ACL was introduced 
called the Lever Sign test. The test is performed 
with the patient lying in supine and the examiner’s 
closed fist under the proximal third of calf. With the 
knee slightly flexed, the examiner’s opposite hand 
then applies a downward force just proximal to the 
knee joint. In an intact ACL, the heel should rise 
off the table, indicating a negative test. A disruption 
in the ACL will result in the patient’s heel remain-
ing on the table, indicating a positive test.8 It has 
been found that at 30° of knee flexion, the greatest 
amount of anterior tibial translation occurs relative 
to the femur. By placing the fist under the calf, the 
knee is positioned in approximately 30° of flexion, 

placing the ACL origin and insertion at a maximal 
distance from each other. This orientation will maxi-
mally stress the ACL, explaining why an ACL defi-
cient knee will not be able to overcome the posterior 
force directed at the femur.9

With the prevalence of ACL tears increasing, diag-
nostic tests with good utility are needed in order 
to assist the clinician in a diagnosis. At the time of 
submission, there were no previously published sys-
tematic reviews analyzing the diagnostic accuracy of 
the Lever Sign test. The purpose of this systematic 
review and meta-analysis is to determine the diag-
nostic accuracy of the Lever Sign test.

METHODS

Protocol and Registration
A systematic review protocol was registered with 
the International Prospective Register of System-
atic Reviews – PROSPERO with registration num-
ber: CRD42018082534. This systematic review 
used the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA), which is a 
27-item checklist used to ensure optimal design and 
standardized reporting of systematic reviews and 
meta-analyses.10

Eligibility Criteria
The inclusion criteria set for this review included 1) 
studies that were completed on human subjects and 
2) studies that evaluated the diagnostic accuracy of 
Lever Sign test for ACL rupture as compared to MRI 
or arthroscopic surgery, both of which are accepted 
reference standards. All peer-reviewed full-text arti-
cles of any study design were eligible for inclusion. 
Studies included subjects of any age and acuity of 
injury. Studies were excluded if the full text was not 
written in English. 

Search Strategies
A comprehensive search was performed on PubMed, 
CINHAL, Scopus, and ProQuest in December 2017 
and updated in April 2018 for articles relating to 
the diagnostic accuracy of the Lever Sign test. A 
search strategy was developed for PubMed utiliz-
ing variations of the keywords Lever Sign test, ACL 
rupture, and diagnostic accuracy, which can be 
found in Appendix 1. The search strategy was then 
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adapted for use in each specific database utilizing 
database-specific article indexing. The Walsh Uni-
versity library database was used to conduct a hand 
search for grey literature and other eligible articles 
in order to complete the comprehensive systematic 
search.

Study Selection
Titles and abstracts were retrieved from each data-
base and duplicates were eliminated. Two review 
authors independently screened titles and abstracts 
found in the search with respect to the inclusion 
and exclusion criteria. The two review authors dis-
cussed discrepancies until consensus was achieved. 
Full text copies were then obtained for the remain-
ing articles and were reviewed independently by 
two other authors for inclusion. Disagreements were 
discussed between the two full-text review authors 
and consensus was reached. Inter-rater reliability 
for title/abstract and full-text inclusion were cal-
culated using Cohen’s Kappa.11 The interpretation 
of the Cohen’s unweighted kappa statistics used 
were: < 0 = poor, 0.01–0.20 = slight, 0.21–0.40 = fair, 
0.41–0.60 = moderate, 0.61–0.80 = substantial, and 
0.81–1 = almost perfect.11 

Risk of Bias
To identify the risk of bias in each individual article 
included in the review, the Quality Assessment of 
Diagnostic Accuracy Studies (QUADAS) tool was uti-
lized and consists of 14 items that rate the overall 
quality of an article using the study’s internal and 
external validity. The review authors gave a rating 
of “yes” (sufficiently covered) “no” (insufficiently 
covered) or “unclear” (insufficient detail included 
for open interpretation) for each item. The QUADAS 
tool has been reported to be reliable when assess-
ing the strengths and weaknesses of diagnostic accu-
racy study.12,13 Articles that scored above a 10/14 
were considered high quality and those below were 
considered low quality. While there is not an abso-
lute qualification for high and low quality scores 
when using the QUADAS, these numbers are gen-
erally accepted in literature.14-16 Two review authors 
independently performed the quality assessment 
for each article and discrepancies were resolved by 
consensus. Inter-rater reliability for risk of bias was 
calculated using Cohen’s Kappa.11 

Data Extraction
Two review authors extracted data independently 
from the included articles into a standardized form 
to ensure consistency of the data extraction process. 
The data were then substantiated by two review 
authors to ensure accuracy. Extracted information 
included: examiner skill level; patient age; patient 
gender; comparison standard; side of involvement; 
time since injury; study methodology; outcomes; 
diagnostic accuracy statistics including sensitivity 
and specificity. In the event that data components 
were not reported within the article, authors from 
included studies were contacted and a formal request 
was made for additional data. The definitions and 
calculations for diagnostic accuracy statistics can be 
found in Table 1.

Statistical Analysis
Pooling of results data for the quantitative synthesis 
was performed using Open Meta-analyst.17 Raw data 
from studies were input into a 2x2 table and Open 
Meta-analyst generated independent sensitivity and 
specificity values using the DerSimonian-Laird Ran-
dom-Effects model. Cochran’s Q and the I2 statistic 
were assessed to determine the degree of heterogene-
ity. If I2 was > 50%, a random effects model was used. 
The weighted average of pooled statistics was calcu-
lated and overall diagnostic accuracy values were 
determined. The diagnostic odds ratio (DOR) was 
calculated to determine the overall diagnostic power 
of the test. The I2 statistic was used to determine vari-
ance across studies and indicate overall heterogeneity. 

Outcomes and Summary Measures
Sensitivity represents the amount of true positives 
that the test was able to detect and specificity rep-
resents the amount of true negatives that the test 
was able to detect. Likelihood ratios (+/-) are used 
to determine the chance that an individual has the 
diagnosis after the test is performed.16 Further infor-
mation regarding other statistical measures used 
can be found in Table 1. 

RESULTS

Study Selection
The systematic electronic search of PubMed, CIN-
HAL, Scopus, ProQuest, and a hand search resulted 
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in a total of 1,383 articles. After duplicates were 
removed the total yielded 1,305 articles. The title 
and abstracts of these articles were then screened 
and generated 18 full text articles to be screened 
(κ=0.83; 95% CI 0.67-0.98). After full-text screen-
ing was completed (κ=1.00; 95% CI 1.00-1.00), 
eight articles were found to meet the inclusion cri-
teria.8,17-24 The summary of the literature search can 
be seen in Figure 1. 

Study Characteristics
There were a total of 977 subjects between the eight 
included studies. Of these, 648 were males and 329 
females. All of the studies were cohort design studies 
with subject sizes ranging from 33 to 400 and a mean 
of 122. The mean age range of patients included in 
the studies was 23 to 42 years old. Magnetic reso-
nance imaging (MRI) was the reference standard 
used in two studies,8,22 arthroscopy was the reference 
standard for three studies,19,21,24 and both were used 
in three of the studies.18,20,23 Another study created an 
additional reference standard requiring at least two 
out of three findings consisting of 1) positive MRI, 2) 
excessive laxity of more than 3mm as measured on a 
KT-1000™ arthrometer (measures tibial translation), 
and 3) a positive findings on an independent exami-
nation that was performed at a later time.20 All study 
characteristics are summarized in Table 2.

Risk of Bias
Five of the included studies8,18,20,21,23 were rated as 
low quality with a high risk of bias. The QUADAS 
ratings for each study can be found in Table 3. The 
most common item on QUADAS receiving a “No” or 
“Unclear” rating was Item 11. Studies in which this 
item was not met did not provide sufficient informa-
tion regarding the individual’s involvement in the 
study who was interpreting the reference standard, 
therefore, it could not be determined if he/she had 
knowledge of the index test outcome. The Cohen’s 
unweighted kappa calculated for inter-rater reliabil-
ity of the QUADAS assessment was 0.72, indicating 
substantial agreement (95% CI 0.58-0.86).

Results of Individual Studies
True negative, true positives, false negatives, and 
false positives for each of the studies can be found 
in Table 4. Sensitivity, specificity, positive and neg-
ative likelihood ratios, positive predictive values 
(PPV) and negative predictive values (NPV), and 
posttest probability values are presented in Table 5. 
All studies reported a sensitivity within the range of 
0.37-1.00.8,18-24 Specificity was reported/calculated in 
five studies and was between 0.50-1.00.8,20-24 Positive 
and negative likelihood ratios were reported/calcu-
lated in five studies and were between 1.35-801.00 
and 0-0.87, respectively.8,20-24 Positive predictive 

Table 1. Defi nitions and Calculations of Diagnostic Accuracy Statistics.
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values were reported/calculated in six studies and 
were between 0.47-1.00.8,19-24 In addition, NPV were 
reported/calculated in five of the studies and ranged 
between 0.57-1.00.8,20-24 Posttest probabilities for pos-
itive and negative tests were reported/calculated in 
five of the studies and ranged between 0.48-infinity 
and 0-0.43, respectively.8,20-24 

Pooled Results
Results were compiled and run through Open Meta-
Analyst software revealing a pooled sensitivity and 
specificity of 0.77 and 0.90 respectively, with a 
p-value of <0.01. Pooled data can be found in Figures 
2-6. Heterogeneity across studies was high, there-
fore a random-effects model was used. Results of 
the meta-analysis indicated a high sensitivity (0.77) 
and high specificity (0.90) for the Lever Sign test. 
The negative likelihood ratio is 0.22 with a p-value 
<0.01 and the positive likelihood ratio is 6.60 with 
a p-value <0.01. The diagnostic odds ratio is 40.70 
with a p-value of <0.01. Heterogeneity of the studies 

(I2) was calculated for each statistic; sensitivity and 
specificity were reported as 89.64 and 74.16, nega-
tive and positive likelihood ratios were reported at 
77.29 and 79.28, and heterogeneity for diagnostic 
odds ratios was 87.69. Meta-analysis results and for-
est plots for each statistic can be seen in Figures 2-6.

DISCUSSION
The purpose of this systematic review and meta-
analysis was to assess the diagnostic accuracy of the 
Lever Sign test. Based on the results of a systematic 
search of the literature, the Lever Sign has shown 
favorable diagnostic accuracy numbers in detecting 
ACL tears. The reported sensitivity and specificity 
for the Lever Sign was shown to be comparable to 
sensitivities and specificities for anterior drawer 
test, pivot shift test, and Lachman’s test.7,25,26 The 
Clinical Practice Guidelines on Knee Stability and 
Movement Coordination Impairments: Knee Liga-
ment Sprain Revision 2017 recommends the use of 
the pivot shift and Lachman’s in every suspected 

Figure 1. Flow Diagram of Literature Screening process.
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ACL tear. This recommendation along with other 
literature indicates that a thorough history and clini-
cal examination by an experienced clinician may 
be just as accurate as an MRI in diagnosing ACL 
tears.25,26 The CPG reports sensitivity for the pivot 
shift test between 0.24-0.95, specificity between 0.95-
0.98, positive likelihood ratio between 4.37-16.42, 
and negative likelihood ratio between 0.38-0.84. 
For Lachman’s, the sensitivity is reported between 
0.85-0.95, specificity between 0.94-0.95, positive 
likelihood ratio between 1.39-40.81, and negative 
likelihood ratio 0.02-0.52.7 A meta-analysis reported 
sensitivity and specificity of the anterior drawer test 
to be between 0.38-0.63 and 0.81-0.91, respectively. 
The positive likelihood ratio for anterior drawer 
was reported as 4.50 and the negative likelihood 
ratio reported as 0.22.6 A third clinical test with high 

specificity and sensitivity may be a valuable addi-
tion to the clinical examination to rule in as well as 
rule out ACL tears. A more useful tool in clinical 
practice may be likelihood ratios, which determine 
how accurate a test is in predicting a condition. 
Specificity and sensitivity only take into account 
two components of the contingency table, meaning 
that a diagnostic test could potentially have a large 
amount of false negatives while still having good 
specificity. Likelihood ratios take into consideration 
all aspects of the contingency table meaning that a 
large number of false negatives will largely impact 
the value. A pooled sensitivity and specificity of 0.77 
and 0.90 indicates that the Lever Sign test is good to 
rule in and rule out ACL tears, however likelihood 
ratios of 6.60 and 0.22 will only result in a moderate 
shift in the post-test probability.

Table 2. Study Characteristics.
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Preliminary research has shown similar sensitivity 
and specificity numbers for the Lever Sign test and 
mechanics of this test may allow for a more accu-
rate result in situations where the patient’s limb 

is too heavy for the clinician to support. All stud-
ies included in this review had more male subjects 
than female subjects, which may influence the clin-
ical application of the test due to ACL tears being 

Table 3. QUADAS (Quality Assessment of Diagnostic Accuracy Studies) Results of Multiple 
Lever Sign Studies.

Table 4. Lever Sign Test Results Compared to Gold Standard.



The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 9

Table 5. Summary of Results.

Figure 2. Forest Plot of Sensitivity.  Abbreviations: C.I.= confi dence interval; TP= true positive, FN= false negative.

Figure 3. Forest Plot of Specifi city.  Abbreviations: C.I.= confi dence interval; TN= true negative, FP= false positive.



The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 10

Figure 4. Forest Plot of Negative Likelihood Ratios. Abbreviations: C.I.=confi dence interval; FN=false negative; TN=true 
negative; Di-=disease absent; Di+=disease present..

Figure 5. Forest Plot of Positive Likelihood Ratios. Abbreviations: C.I.=confi dence interval; TP=true positive; FP=false positive; 
Di-=disease absent; Di+=disease present.

Figure 6. Forest Plot of Diagnostic Odds Ratios. Abbreviations: C.I.=confi dence interval; TP=true positive; TN=true negative; 
FP=false positive; FN=false negative.

more prevalent in females.4 Leg girth differences 
between males and females may impact sensitivity 
and specificity due to males tending to have a larger 
and heavier leg than females. A heavier leg will 
require more force to be placed through the distal 

thigh during the test, and results may be inaccurate 
if this force is not enough to overcome limb resis-
tance. Certain studies excluded subjects if any con-
comitant tears were suspected or known or if they 
had a previous ACL tear on the same limb. Meniscal 
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with title and abstract screening showing substan-
tial agreement and the full text screening showing 
almost perfect agreement. While the QUADAS test 
has been shown to have low interrater reliability in 
the literature,12 the kappa score for this systematic 
review showed substantial interrater agreement.

It is recommended that further research be com-
pleted on the diagnostic accuracy of the Lever Sign 
test. Studies should include a larger number of 
female participants in order to better represent the 
overall population of ACL tears. Future research 
should be completed examining the effect of examin-
er’s hand size on the accuracy of the test. Differences 
in hand size may place the leg in varying positions, 
not always maintaining 30° of knee flexion. In this 
instance, the ACL is not at maximum tension which 
may yield inconsistent results between examiners. 
Partial, full thickness, and concomitant tears, as well 
as acuity, pain, and swelling may also play a role in 
the accuracy of the Lever Sign test and are param-
eters that should be included in future studies. It is 
also recommended that more studies be conducted 
that do not include the patient being tested under 
anesthesia in order to improve the clinical applica-
bility of this test. There is currently not enough data 
to determine any differences in likelihood ratios or 
sensitivity/specificity when testing under anesthesia 
vs testing in the awake patient. Tests that can be used 
to both rule in and rule out pathologies are ideal in 
clinical practice and research indicates that the Lever 
Sign test is both specific and sensitive, however qual-
ity evidence is currently lacking. Recommendations 
to reduce bias in future research should be aimed 
to include larger sample sizes, increased external 
and internal validity, inclusion of patients with an 
unknown ACL status, and blinding of examiners to 
both reference standard and index test results.

CONCLUSIONS
Th  ere are a variety of different clinical tests that can 
be useful in diagnosing ACL rupture. Clinicians uti-
lize clinical tests with a high sensitivity to rule out 
a diagnosis following a negative test, and specificity 
to rule in a diagnosis following a positive test. While 
there is still no single clinical test that is consistently 
accurate, the results of this study indicate that the 
Lever Sign test, when used with other tests, may 

and medial collateral ligament (MCL) tears com-
monly accompany an ACL tear. It is also not uncom-
mon for an athlete to re-tear a reconstructed ACL. 
In addition, pain, swelling, and muscle guarding are 
common in patients with acute ACL tears and also 
were not adequately addressed in the research. Con-
ducting the Lever Sign test on these patients may 
yield different sensitivity and specificity numbers. 

There were several limitat ions noted in the included 
studies. Limited studies were available for inclusion 
and sample sizes varied from small to large. Method-
ological procedures that predisposed studies to bias 
were inclusion criteria of confirmed ACL tears, com-
paring results of uninjured contralateral leg, unclear 
blinding of examiners, and missing 2x2 tables. The 
study with the largest sample size only included 
patients who were confirmed to have an ACL tear via 
MRI.8 The contralateral uninjured leg was assessed 
using the Lever Sign test and included the results in 
their 2x2 table. No false negatives or false positives 
were reported, resulting in a sensitivity and speci-
ficity of 1.00. However, this study was not the only 
one to include patients with a confirmed ACL tear 
and compare the contralateral uninjured leg. Within 
studies, there was a lack of false positives found, but 
it is unclear if this is due to participants with false 
positives being removed from the study. Authors 
from three studies18,19,23 were contacted for missing 
data, however only data from two of the authors was 
obtained. Without the data from the third author, 
specificity was unable to be calculated and therefore 
not included in the meta-analysis. Bias was noted 
within the studies with inadequate descriptions of 
the examiners performing the test. Exclusion cri-
teria introduced additional limitations within the 
studies such as excluding patients with concomitant 
tears or a previous ACL tear on the leg to be tested.

The Lever Sign test is relatively new, therefore, there 
is limited research on the topic. Strong exclusion cri-
teria were unable to be developed in this systematic 
review due to the limited number of studies on the 
topic. Studies were only excluded if they were not 
written in English, which limits the ability to control 
the quality of the included studies. Without strong 
exclusion criteria, study quality was a major limita-
tion. The inclusion criteria developed for this sys-
tematic review lead to high Cohen’s kappa scores, 
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14. Cook C, Hegedus E. Diagnostic utility of clinical 
tests for spinal dysfunction. Manual Therapy. 
2011;16:21-25. 
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help provide the clinician with a more complete 
clinical picture about the status of the ACL.
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ABSTRACT
Background: Hip extension is an important action in daily activities (standing, stepping and walking) and 
sporting actions (running, sprint-running and jumping). Though several different exercises exist, a com-
prehensive understanding of which exercises best target the gluteus maximus (Gmax) and the magnitude 
of muscular excitation associated with each exercise is yet to be established.  

Purpose: The purpose of this systematic review was to describe the electromyographic (EMG) excitation 
of the Gmax during body weight exercises that utilize hip extension.

Methods: A systematic approach was used to search Pubmed, Sports Discuss, Web of Science and Science 
Direct using the Boolean phrases (gluteal OR gluteus maximus) AND (activity OR excitation OR activation) 
AND (electromyography OR EMG) AND (hip extension). Articles that examined injury-free participants of 
any age, gender or excitation level were included. Articles were excluded when not available in English, 
where studies did not normalize EMG excitation to maximum voluntary isometric contraction (MVIC), 
where a load or resistance was added to the exercise, or where no hip extension occurred. Exercises were 
grouped into vertical and horizontal (anteroposterior or posteroanterior) force vectors.

Results: Thirty-nine studies of high methodological quality were retained for analysis. Twenty-five exer-
cises were performed in the vertical vector (average: 33.4% MVIC, highest: single leg wall squat 86% 
MVIC), fourteen exercises were performed in the horizontal (anteroposterior) force vector (average: 32.8% 
MVIC, highest: single leg bridge 54.2% MVIC, while thirty-eight exercises were included in the horizontal 
(posteroanterior) vector (average: 30.4% MVIC, highest: plank with bent leg hip extension 106.2% MVIC).

Limitations: The differences in subject’s backgrounds, exercise technique and the methodological 
approaches varied between studies, most notably in the different positions used for obtaining MVIC, which 
could have dramatically impacted normalized levels of gluteal activation.

Conclusion: The findings from this review provide an indication of Gmax muscle excitation generated by 
a variety of hip extension body weight exercises, which may assist practitioners in making exercise selec-
tion decisions for programming. 

Keywords: gluteal musculature, hip strengthening, force vector, EMG, movement system
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INTRODUCTION
Hip extension is an important joint action in daily 
activities (standing, stepping and walking) and sport-
ing actions (running, sprint-running and jumping). 
The hip extensor musculature are capable of produc-
ing the highest torque compared to any other mus-
cle group involved in hip movement.1 Hip extension 
primarily involves the  gluteus maximus (Gmax), 
hamstrings (long head of biceps femoris, semimem-
branosus, and semitendinosus), and posterior head 
of the adductor magnus.1,2 Recruitment of the Gmax 
and associated hip extensor muscles, coupled with 
efficient movement are required for optimal hip 
extension force production.3 Although several mus-
cles contribute to hip extension, the focus for this 
article is on the Gmax musculature and its role in 
hip extension during body weight exercise.

Though several different exercise protocols exist, 
scientific evaluation of their specific effects on the 
Gmax has yet to establish which exercises best isolate 
the musculature and what level of muscular excita-
tion is elicited.  Electromyography (EMG) is a tool 
that provides insight into how the neuromuscular 
system behaves via amplitude information regard-
ing the timing characteristics and muscle excitation 
levels for a given recording condition.4,5   Histori-
cally, exercises have been examined through EMG 
analysis with the general consensus assumed that 
exercises producing higher levels of muscular excita-
tion are associated with greater  long-term strength 
and size increases.6,7 Though debate remains about 
the application of EMG in a practical context 4 it is 
a commonly implemented method within the liter-
ature and therefore may be used as a guideline to 
assist in understanding musculature excitation. 

Weakness and imbalanced strength in the Gmax is 
associated with multiple lower extremity injuries 
and lower back pain8 which can necessitate substitu-
tion by synergist musculature.9 Consequently, prac-
titioners often choose to incorporate Gmax targeted 
exercise in both rehabilitation and sport settings by 
starting with unloaded (i.e. body weight only) exer-
cises. An extensive variety of body weight hip exten-
sion exercises are used for training, both in athletic 
performance and in rehabilitation programming. As 
one alters the body’s position during the different 
hip extension exercise options, this will result in a 

change in the amount of body mass being moved 
by the hip musculature and the orientation of the 
gravitational force-vector. Selecting exercises by 
taking into regard the direction of the force-vector 
10,11 (i.e. horizontal vs vertical, Figure 1) may play 
an important role in developing different and spe-
cific functional adaptations.12 Moreover, specificity 
of movement promotes intermuscular coordina-
tion which has been shown to increase transference 
to sport performance.13 Therefore, classifying hip 
extension body weight exercises by the respective 
force vectors may be important for best exercise 
selection for activity type and conversion into per-
formance outcomes. 

It is important to take into consideration the force-
vector associated with different exercises when 
developing programming for rehabilitation or per-
formance enhancement as different force-vector 
exercises have been shown to elicit differences in 
Gmax EMG amplitudes. This was certainly the case 
in loaded hip extension exercises with equated 10 
repetition maximum loads that resulted in a sig-
nificant greater amount of mean lower and upper 
Gmax excitation found in the horizontal vector exer-
cise (barbell hip thrust, 40.8-69.5% MVIC) compared 
to the vertical vector exercise (barbell back squat 
14.9-29.4% MVIC).14 Similarly, Gmax excitation was 
16% higher during the barbell hip thrust (horizontal) 

Figure 1. Force-vector directions occurring during a vertical 
exercise (i.e. vertical loading with respect to anatomical posi-
tion, also known as an axial vector) and a horizontal exercise 
(i.e. horizontal loading with respect to anatomical position, 
also known as an anteroposterior vector). Horizontal oriented 
exercises can be further challenged by the direction of the 
horizontal loading from the opposite direction to anteroposte-
rior, known as the posteroanterior vector.
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compared to the hex bar deadlift (vertical) with 
1RM loading.15 Whether these differences occur 
in unloaded hip extension exercises is unknown. 
Therefore, the purpose and focus of this systematic 
review was to describe the EMG excitation of the 
Gmax during body weight exercises that utilize hip 
extension. Exercises were grouped by force vector 
position to assist practitioners in making decisions 
for exercise selection that targets Gmax excitation. 

METHODS

Literature Search Strategies
The review was conducted in accordance with 
PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-analyses) statement guide-
lines.16 A systematic search of the research literature 
was undertaken for studies that investigated EMG 
amplitude (given as mean %MVIC) for the Gmax 
in body weight exercises that utilised dynamic hip 
extension. Studies were found by searching Pubmed, 
Sports Discuss, Web of Science and Science Direct 
electronic databases from inception to November 
1st 2017 using the following Boolean search phrases: 
(gluteal OR gluteus maximus) AND (activity OR acti-
vation) AND (electromyography OR EMG) AND (hip 
extension). Additional studies were also found by 
reviewing the reference lists from retrieved studies.

Inclusion and Exclusion Criteria
Articles that examined injury-free participants of any 
age, sex or activity level were included. No restric-
tions were imposed on publication date or publica-
tion status. Studies were limited to English language. 
Studies were excluded that did not normalize EMG 
excitation to %MVIC or did not present the results 
as numbers (i.e. results presented as figures). This 
review focussed on exercises performed without any 
additional load, therefore only body weight exercises 
were included and studies which contained an exter-
nal load (e.g. barbell, dumbbell, band, and machine) 
were excluded. Plyometric or hopping movements 
were also excluded as they are performed with 
higher acceleration, therefore they have an advan-
tage in terms of eliciting high levels of gluteal excita-
tion. Moreover, plyometric exercises are higher end 
performance type exercises and should be used once 
an individual exhibits prerequisite strength levels 
(eccentric) which includes mobility and stability. 

Study Selection
One  reviewer (PM) searched the databases and 
selected studies. A second reviewer (EF) was avail-
able to assist with study eligibility. No disagreements 
about the appropriateness of an article were encoun-
tered. A search of electronic databases and a scan of 
article reference lists revealed 355 relevant studies, 
with an additional 14 studies found via hand searches 
of references lists (Figure 2). Aft er removing dupli-
cate studies (n = 68), screening titles (n = 78) and 
abstracts (n = 149), 49 studies were retained. Fol-
lowing full-text screening, a further 10 studies were 
excluded (6 studies were not normalised to MVIC, 4 
studies reported results as figures), thereby, 39 stud-
ies were retained for this review.

Methodological Quality Score
Methodological quality was assessed using the qual-
ity index of Downs and Black17 modified version.18 
A value of 0 or 1 was assigned to the different sub-
categories of the following items: reporting, external 
validity, and internal validity. A total score < 10/17 
was considered to be low quality, while scores ≥ 10/17 
were presumed to be high quality.18

RESULTS
Quality assessment scores of the thirty-nine articles 
included ranged from 10 to 14, with an average score 
of 11.6 out of 17, indicating a high methodological 
quality for the studies reviewed (Appendix 1). There 
were a total number of 938 subjects who performed 
77 total exercise variations. Appendix 1 summarises 
all studies included. All studies used surface elec-
trodes, with the exception of Selkowitz, Beneck, Pow-
ers 19 who used fine wire electrodes. Two studies19,20 
reported the superior (upper) and inferior (lower) 
regions of the Gmax, while the remaining Gmax 
values were obtained from electrodes positioned on 
muscle belly (descriptions of electrode placement 
are given in Appendix 1). Results are presented 
within vertical and horizontal force vector tables with 
horizontal exercises further sub-divided into antero-
posterior and posteroanterior due to high number of 
exercises within each sub-division). Results for the 
same exercise have been averaged from the com-
bined totals to present a mean percentage of MVIC 
and mean range value for the exercise. However, 
due to differences between study methodologies 
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caution should be used for interpreting the findings, 
therefore, the mean values should be interpreted as 
a guideline. Exercises were grouped by the magni-
tude of mean Gmax excitation and stratified into the 
four levels of activity: 0-20% MVIC was considered 
low muscle excitation, 21-40% MVIC was consid-
ered moderate muscle excitation, 41-60% MVIC was 
considered high muscle excitation, and greater than 
60% MVIC was considered very high muscle excita-
tion.21,22 This classification scheme provides a means 
by which the practitioner can select exercises, that 
match the capabilities of their client/athlete thus tar-
geting neuromuscular, endurance, or strength type 
training, and provides a means by which the Gmax 
can be progressively overloaded in a systematic fash-
ion. Table 4 provides a summary of average %MVIC 
for Gmax in the different force vector positions.

Vertical force vector
The Gmax excitation for exercises performed in 
the vertical force vector can be found in  Table 1. 

Twenty-five different exercises were performed in 
this force vector with the most common exercises 
being the single leg squat (9), lunge (7), and lateral 
step up (6). The highest mean excitation was found in 
the single leg wall squat with other leg knee extended 
(86 ± 43% MVIC) and the lowest activity occurred in 
the squat with 0° trunk flexion (6.1 ± 4.0% MVIC). 
Eight exercises were classified as low excitation, ten 
were moderate excitation, four were high excitation, 
and three were very high excitation. Of note, varia-
tions of the deadlift exercises were included in this 
force vector although the force vector is not truly ver-
tical and crosses with the anteroposterior force vector.

Horizontal force vector (Anteroposterior)
Information regarding the Gmax excitation for the 
anteroposterior force vector can be observed in Table 
2. Fourteen different exercises were performed in 
this force vector with the most common exercises 
being the single leg bridge (6) and two-legged bridge 
(6). The highest absolute excitation was found in the 

Figure 1. PRISMA diagram of article selection through the different phases of the systematic review.
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single leg bridge (54.2% MVIC), though when this 
exercise was averaged from six studies the mean 
activity was 39.9% MVIC. The lowest excitation 
occurred in the bridge with feet on a gymnastics ball 
exercise (13.0% MVIC). Four exercises were classed 
as low excitation, five were moderate excitation and 
five were high excitation. 

Horizontal force vector (Posteroanterior) 
Information regarding the Gmax excitation for the 
posteroanterior force vector can be found in Table 3. 
Thirty-eight different exercises were performed in this 
force vector. The highest mean excitation was found in 
the plank with bent leg hip extension (106.2% MVIC) 
followed by prone hip extension with upper body on 

Table 1. Comparison of muscle excitation in the Gluteus Maximus for all vertical force vector exercises. Values given as the 
mean and the standard deviation.

Table 2. Comparison of muscle excitation in the Gluteus Maximus for all anteroposterior force vector exercises. Values given as 
the mean and the standard deviation.
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table and flexed contralateral knee joint on a chair 
(66.4 ± 25.8% MVIC). The lowest excitation occurred 
in the prone hip extension from hip flexion of 30° (9.7 
± 2.9% MVIC). Seven exercises were classed as low 
excitation, twenty-two were moderate excitation, seven 
were high excitation, and two were very high excitation.

Summary of force vectors
Details of Gmax excitation for all positions are sum-
marized in Table 4. The vertical position produced 

the highest average excitation (33.4% MVIC) fol-
lowed by the anteroposterior (32.8% MVIC) and 
posteroanterior (31.5% MVIC). A limitation of posi-
tional grouping by force vector is that similar aver-
age excitation levels were found between vectors 
due to a wide variation in the different exercises. 
The posteroanterior force vector had the absolute 
highest excitation value (106.2% MVIC) for the 
plank with bent leg hip extension exercise while 
the vertical vector had the lowest excitation value 

Table 3. Comparison of muscle excitation in the Gluteus Maximus for all posteroanterior force vector exercises. Values given as 
the mean and the standard deviation.
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(6.1% MVIC) for the squat with 0° trunk flexion 
exercise.

DISCUSSION
The purpose of this systematic review was to quan-
tify the EMG excitation of the Gmax musculature 
during body weight hip extension exercises. Find-
ings from the thirty-nine studies reviewed showed 
that the level of Gmax EMG excitation ranged from 
6.1% to 106.2% MVIC. The wide range of Gmax EMG 
found from hip extension exercises in this review is 
comparable to the levels (4% to 103% MVIC) found 
in Gmax excitation during hip abduction and exter-
nal rotation exercises reported by Macadam, Cronin, 
Contreras 23 Pooled results from in the three force 
vectors show a similar average level of EMG excita-
tion between vectors: vertical (33.4%), anteroposte-
rior (32.8%) and posteroanterior (30.5%). However, 
when looking at the range of EMG excitation it would 
seem that levels can be affected by changes in body 
position, which changes the direction in which force 
is applied to in relation to the body and the complex-
ity of the exercise.

Vertical force vector
Twenty-five exercises were performed in the vertical 
vector (average: 33.4% MVIC, highest mean: single 
leg wall squat 86.0% MVIC). Unilateral versions of a 
vertical oriented exercise resulted in greater Gmax 
excitation than the bilateral version. This can be 
seen from all versions of the squat which resulted in 
small EMG excitation levels, compared to the single 
leg squat which resulted in levels of moderate, high 
and very high during differing versions. The single 
leg squat was the most used exercise (9 studies) in 
this vector and though its average excitation level 

was high (47.8% MVIC), it was found to elicit a wide 
range of excitation (18.9-81.2% MVIC). Reasons for 
range of values may relate to the depth of the squat, 
subject’s proficiency and experience of the exer-
cise, and the position of the free leg. This is high-
lighted by Ayotte, Stetts, Keenan, et al. 24 who found 
the highest level of EMG excitation in the single leg 
squat when the free leg is extended from the knee 
(86% MVIC). While when the free leg is flexed from 
the knee and behind the body, i.e. the skater squat 
version, the level of excitation was 66.2% MVIC.25 
The single leg squat exercise was also found to result 
in excitation level differences between genders, 
with females exhibiting greater levels than males in 
three studies.26-28 Females were also found to exhibit 
greater excitation levels in single leg wall slide, lat-
eral step down and forward step down exercises.28 
Reasons for differences may relate to structural dif-
ferences (females having an increased pelvic width 
to femoral length ratio) or differences in hip abduc-
tor strength requiring greater Gmax excitation to 
control the pelvis in the unilateral exercises.28 All 
three studies assessed exercises in the vertical vec-
tor, therefore due to the greater stability require-
ments in this vector it is unknown if these gender 
differences occur in other force vectors. 

A commonly used vertical exercise was the lunge 
(7 studies) which resulted in a small to moderate 
level of excitation (11-44% MVIC), thus may be suit-
able as an early progressive exercise from bilateral 
exercises due to its split-stance two point of contact 
providing a base of stability that challenges balance 
from the wide foot base. Once mastered, progres-
sion can include forward and lateral step down exer-
cises which elicited small excitation in males and 

Table 4. Summary of average %MVIC for Gluteus Maximus in different force vector positions. 
Values given as the mean and the standard deviation.
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moderate excitation in females. While subsequent 
progressive exercises can include the forward and 
lateral step up exercises which resulted in moderate 
to high excitation levels. Step heights can be adjusted 
for these exercises to further increase (or decrease) 
the stability requirements of the exercise. When 
the body is upright, greater stability requirements 
would be expected in hip extension movements 
which may be reflected in this vector having the 
highest average EMG excitation level. However, dif-
ferences in exercises mean that a wide range of EMG 
levels (6.1-86.0% MVIC) were found in this vector. 
Exercises with a greater base of stability (squats and 
lunges) may be implemented for more novice sub-
jects while greater challenges can be imposed from 
step up exercises to the more advanced versions of 
single leg squats.

Horizontal force vector (Anteroposterior)
Fourteen exercises were performed in the antero-
posterior force vector (average: 32.8% MVIC, high-
est mean: single leg bridge 54.2% MVIC). The bridge 
and its unilateral version were the two most used 
exercises (both in 6 studies) in this vector highlight-
ing their prominence of application. The single leg 
bridge was found to elicit a higher range of Gmax 
EMG excitation level (32.6-54.2% MVIC) than the 
bridge (16.4-41.5% MVIC), most likely due to the 
greater demands (increased load required to be sta-
bilized with one leg off the ground) imposed by a 
single leg base of support compared to the bilateral 
position. Low levels of excitation (< 20% MVIC) 
were found in bridging exercises where the feet 
are placed on a swiss ball or where subjects were 
required to perform a hamstring curl movement 
from a bridge position. Similarly, when performing 
a single leg bridge on a BOSU® surface, a lesser level 
of excitation (28.4% MVIC) was found compared to 
single leg bridge on the ground (32.6-54.2% MVIC). 
Therefore, it appears that when performing bridging 
exercises on an unstable surface (swiss ball or bosu), 
the level of Gmax excitation is decreased. When 
tactile and verbal cues to activate the glute muscle 
were given, EMG excitation levels increased (33.0% 
vs. 16.8% MVIC) compared to the regular bridge 
exercise, 29 thus should be a consideration for practi-
tioners especially during exercise instruction in nov-
ice clients. Five single leg bridge exercises elicited 

high excitation levels with differing positions from 
the leg and foot on the ground, and with the leg in 
the air, resulting in small changes in levels of EMG 
%MVIC. Although altering the positions can be used 
to change the Gmax excitation level, when the domi-
nant knee (i.e. the leg in contact on the ground) was 
flexed to 135° instead of 90°, hamstring excitation 
decreased from 58-75% to 20-23% MVIC. 30 There-
fore, for subjects who may more readily recruit the 
hamstrings, altering the angle of the knee reduces 
hamstring excitation while Gmax levels remain 
relatively similar. However, hamstring activity was 
not assessed in this review. None of the exercises 
in this vector elicited a very high EMG amplitude, 
however, exercises in this vector may be suitable 
as early hip extension exercises as they provide a 
stable base of support with the body on the ground. 
Progression and difficulty can be increased by hav-
ing the exercises performed unilaterally while being 
further challenged by extending the leg in the air. 
Performing bridging exercises on unstable surfaces 
decreases Gmax excitation and thus may be more 
suitable for targeting other muscles or goals. Addi-
 tionally, compared to many of the vertical and pos-
teroanterior exercises, the exercises performed in 
this vector involve a change in body position result-
ing in a portion of body mass  supported by the floor. 
This reduces the total load needing to be moved by 
the hip musculature. 

Horizontal force vector (Posteroanterior) 
Thirty-eight exercises were included in the pos-
teroanterior vector (average: 30.5% MVIC, highest 
mean: plank with bent leg hip extension 106.2% 
MVIC). Though this vector had the highest num-
ber of exercise variations, many of the exercises are 
similar with small changes in either hip angles or 
knee angles. Many of the exercise variations in this 
vector replicate the testing position used to obtain 
%MVIC, though this vector had the lowest average 
EMG %MVIC level. However, of all the exercises in 
this review, this vector had the highest individual 
excitation level found in the plank with bent leg hip 
extension resulting in 106.2% MVIC. This suggests 
that when the base of support is challenged in this 
position (i.e. a person is only supported from one 
foot and their elbows), Gmax excitation is greatly 
increased during hip extension from this position. 
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When performing hip extension from a quadruped 
position (i.e. starting with ground contact from the 
hands and knees), moderate to large excitation lev-
els result. Whether the extended leg utilises knee 
flexion (32.2% MVIC) or extension (29.9% MVIC) 
resulted in similar values.19 However, when the 
non-dominant leg was assessed with knee flexion 
(21% MVIC), a difference was found compared to 
the dominant leg (59.7% MVIC). 25 Though subject 
differences could be a factor to explain the findings 
between the studies, Selkowitz, Beneck, Powers 19 
used indwelling electrodes compared to surface 
electrodes which may also account for differences 
in results. When the arm was raised along with the 
leg during the quadruped exercise, the excitation 
level increased (56.2 % MVIC)31 most likely due to 
the greater stability challenge with less ground con-
tact points for base support. Changes in excitation 
levels were also found from hip extension exercises 
performed with the hip in different positions. Per-
forming hip extension from increased degrees of hip 
abduction (0° to 30°) was found to increase Gmax 
excitation by 9% 8 and by 27% (0° to 15°, also with 
20° hip external rotation).32 Furthermore, exercise 
performed from different hip flexion positions (0° to 
20°) increased excitation by 3%,33 while hip exten-
sion from hip external rotation increased excitation 
by 10%.34 The position of the leg from the knee joint 
was also found to affect Gmax excitation levels, with 
Sakamoto, et al. 34 finding that knee flexion (23.1% 
MVIC) elicited higher excitation than knee exten-
sion (12.7% MVIC).

Two studies 35,36 using prone hip extensions exer-
cises, found that Gmax excitation was increased 
(2-4%) when subjects performed abdominal draw-
ing-in during the exercise. Similarly, when subjects 
braced their abdominals during prone hip extension, 
greater levels of excitation (4-15%) were found.20 
Moreover, as found during bridging exercises, when 
subjects were instructed to activate their glutes dur-
ing prone hip extension from 30° hip flexion,37 a 
greater level of Gmax excitation was found (21.6% 
vs. 9.7% MVIC) compared to the non-instructed 
version. Increased Gmax excitation was reported 
in reverse hyperextension (38.8% vs. 22.0%) and 
back/torso extensions (32.4% vs. 23.8%) when sub-
jects performed a lumbopelvic control stabilsation 

strategy.38 These findings suggest that cueing inter-
nal mechanisms can be used to elicit greater Gmax 
excitation levels during different hip extension 
exercises. Exercise performed in this vector can be 
used to elicit a wide range of Gmax EMG excitation. 
Through altering positions of the hip (flexion, abduc-
tion, external rotation), greater excitation levels can 
be achieved with ground base stability. Moreover, by 
internal cueing mechanisms subjects can increase 
Gmax excitation during differing prone extensions 
exercises. Progression can be increased by challeng-
ing the base of support through contralateral and 
ipsilateral arm and leg raises during quadruped exer-
cises, with greater challenge found during the plank 
base of support exercise. 

Limitations
The reader should be cognizant of several limitations 
that affect interpretation and bias, namely that the 
methodological approaches varied greatly between 
the thirty-nine studies (see Appendix 1). Studies 
used different testing positions (standing, prone, 
supine) for determination of the MVIC, which could 
dramatically impact normalized levels of gluteal 
activation. Electrode placement (superior, inferior, 
mid-belly) also varied among studies. Several studies 
investigated the same exercise, however, differences 
in the way the exercises were performed need to be 
considered when analyzing the findings. For exam-
ple, the step-up height used for step-up exercises 
ranged between 15.0 to 20.3 cm, therefore, differing 
levels of EMG activation would be an expected out-
come. To most thoroughly compare EMG excitation 
between two studies, at the very least, their MVIC 
positions, electrode site placements, data process-
ing, and amplitude presentations should be identi-
cal. Furthermore, other variables such as range of 
motion, relative load, effort and tempo should also 
be similar. This review examined muscular excita-
tion through EMG analysis which itself has limi-
tations when interpreting findings and providing 
practical suggestions. EMG is a useful tool for gain-
ing insight into the neuromuscular system, muscu-
loskeletal modelling, and basic science work though, 
its practical application is not truly clear,4 therefore, 
the reader needs to be cognizant of its limitations. 
However, despite these factors, EMG is a commonly 
implemented method into providing insights into 
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how the neuromuscular system behaves and may 
be used as guidance to assist in understanding mus-
culature excitation. This review summarizes infor-
mation obtained from healthy subjects; therefore, 
vigilance is necessary when extrapolating these 
findings to patients with pathology. M oreover, the 
heterogeneity of the subjects should be considered, 
with differences in gender, fat mass and training sta-
tus potentially affecting the findings. The risk of bias 
should also be noted, with three of the studies failing 
to adequately describe the subject’s characteristics. 

CONCLUSIONS
Though several limitations exist within this review, 
some general observations can be made as follows: 
1) body weight hip extension exercises provided a 
wide range of Gmax EMG excitation ranging from 
6.1% to 106.2% MVIC; 2) when pooled as an average, 
similar levels of excitation were found between force 
vectors though the range of excitation levels differed 
between vectors; 3) unilateral exercises produced 
higher EMG values compared to the bilateral version 
of the same exercise; 4) females exhibited greater 
EMG excitation than males in all hip extension exer-
cises, 5) verbal and tactile cues increase Gmax EMG 
excitation, while bracing and drawing-in the abdomi-
nals also increase excitation levels; and, 6) hip exten-
sion exercises performed in greater degrees/angles 
of hip flexion, hip abduction or hip external rotation 
result in higher measured EMG excitation levels. 
The pooled averaged values for the same exercises 
should be interpreted as a guideline and caution 
should be used for interpreting their findings with 
further research into each exercise with the same 
methodology required to verify these results. More-
over, this review focused on body weight exercises, 
therefore, whether the loaded version of the same 
exercises in this review results in similar findings 
requires investigation. When strengthening a weaker 
muscle or muscle group, practitioners may wish to 
prescribe a gradual and progressive exercise program 
to ensure the targeted area is developed. Practitio-
ners should initially consider exercises performed in 
the horizontal vector as they provide a large base of 
support and are less challenging compared to ver-
tical vector exercises. Moreover, bi-lateral exercises 
should be mastered before prescribing unilateral 
versions. This may be of importance if individuals 

seek and implement a compensatory movement 
pattern when faced with weakness or dysfunction. 
Individuals may benefit from being prescribed exer-
cises that they can perform with good technique 
without substitution. Subsequently, once this can be 
achieved, exercise difficulty can be progressed with 
more demanding exercises.

REFERENCES
1 . Neumann DA. Kinesiology of the hip: a focus on 

muscular actions. J Orthop Sports Phys Ther. 
2010;40(2):82-94.

2 . Youdas JW, Hartman JP, Murphy BA, et al. 
Electromyographic analysis of gluteus maximus and 
hamstring activity during the supine resisted hip 
extension exercise versus supine unilateral bridge to 
neutral. Physio Theory Pract. 2017;33(2):124-130.

3 . Cochrane DJ, Harnett MC, Pinfold SC. Does short-
term gluteal activation enhance muscle 
performance? Res Sports Med. 2017;25(2):156-165.

4 . Vigotsky AD, Halperin I, Lehman GJ, et al. 
Interpreting Signal Amplitudes in Surface 
Electromyography Studies in Sport and 
Rehabilitation Sciences. Front Physiol. 2017;8.

5 . De Luca CJ. The use of surface electromyography in 
biomechanics. J Appl Biomech. 1997;13(2):135-163.

6 . Andersen LL, Magnusson SP, Nielsen M, et al. 
Neuromuscular activation in conventional 
therapeutic exercises and heavy resistance exercises: 
implications for rehabilitation. Physi Ther. 
2006;86(5):683-697.

7 . Wakahara T, Fukutani A, Kawakami Y, et al. 
Nonuniform muscle hypertrophy: its relation to 
muscle activation in training session. Med Scie Sports 
Exerc. 2013;45(11):2158-2165.

8 . Kang S-Y, Jeon H-S, Kwon O, et al. Activation of the 
gluteus maximus and hamstring muscles during 
prone hip extension with knee fl exion in three hip 
abduction positions. Man Ther. 2013;18(4):303-307.

9 . Kisner C, Colby LA. Therapeutic Exercise: Foundations 
and Techniques. 6th ed. Philadelphia, PA: Fa Davis; 2012.

1 0. Contreras B. Force Vector Training. NSCA Strongest 
Links. Retrieved: https://www.nsca.com/Education/
Articles/Force-Vector-Training/.

1 1. Reid C, Dolan M, DeBeliso M. The Reliability of the 
Standing Long Jump in NCAA Track and Field 
Athletes. Int J Sports Sci. 2017;7(6):233-238.

1 2. Gonzalo-Skok O, Tous-Fajardo J, Valero-Campo C, et 
al. Eccentric Overload Training in Team-Sports 
Functional Performance: Constant Bilateral Vertical 
vs. Variable Unilateral Multidirectional Movements. 
Int J Sports Physiol Perf. 2016:1-23.



The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 24

1 3. Young WB. Transfer of strength and power training 
to sports performance. Int J Sports Physiol Perform. 
2006;1(2):74.

1 4. Contreras B, Vigotsky AD, Schoenfeld BJ, et al. A 
comparison of gluteus maximus, biceps femoris, and 
vastus lateralis electromyographic activity in the 
back squat and barbell hip thrust exercises. J Appl 
Biomech. 2015;31(6):452-458.

1 5. Andersen V, Fimland MS, Mo D-A, et al. 
Electromyographic Comparison Of Barbell Deadlift, 
Hex Bar Deadlift And Hip Thrust Exercises: A 
Cross-Over Study. J Strength Condi Res. 2017; 
32(3):587-593.

1 6. Moher D, Liberati A, Tetzlaff J, et al. Preferred 
reporting items for systematic reviews and meta-
analyses: the PRISMA statement. Annals Intl Med. 
2009;151(4):264-269.

1 7. Downs SH, Black N. The feasibility of creating a 
checklist for the assessment of the methodological 
quality both of randomised and non-randomised 
studies of health care interventions. J Epid Comm 
Health. 1998;52(6):377-384.

1 8. Moens M, Goudman L, Brouns R, et al. Return to 
Work of Patients Treated With Spinal Cord 
Stimulation for Chronic Pain: A Systematic Review 
and Meta-Analysis. Neuromod: Techn Neur Interf. 2018.

19 . Selkowitz DM, Beneck GJ, Powers CM. Comparison 
of Electromyographic Activity of the Superior and 
Inferior Portions of the Gluteus Maximus Muscle 
During Common Therapeutic Exercises. J Orthop 
Sports Phys Ther. 2016;46(9):794-799.

20 . Chan MK, Chow KW, Lai AY, et al. The effects of 
therapeutic hip exercise with abdominal core 
activation on recruitment of the hip muscles. BMC 
Muscul Dis. 2017;18(1):313.

21 . Escamilla RF, Lewis C, Bell D, et al. Core muscle 
activation during Swiss ball and traditional 
abdominal exercises. J Orthop Sports Phys Ther. 
2010;40(5):265-276.

22 . Youdas JW, Adams KE, Bertucci JE, et al. Muscle 
activation levels of the gluteus maximus and medius 
during standing hip-joint-strengthening exercises 
using elastic-tubing resistance. J Sport Rehab. 
2014;23(1):1-11.

23 . Macadam P, Cronin J, Contreras B. An examination 
of the gluteal muscle activity associated with 
dynamic hip abduction and hip external rotation 
exercise: A systematic review. Int J Sports Phys Ther 
2015;10(5):573.

24 . Ayotte NW, Stetts DM, Keenan G, et al. 
Electromyographical analysis of selected lower 
extremity muscles during 5 unilateral weight-bearing 
exercises. J Orthop Sports Phy Ther. 2007;37(2):48-55.

25 . Boren K, Conrey C, Le Coguic J, et al. 
Electromyographic analysis of gluteus medius and 
gluteus maximus during rehabilitation exercises. Int 
J Sports Phys Ther. 2011;6(3):206.

26 . Nakagawa TH, Moriya ET, Maciel CD, et al. Trunk, 
pelvis, hip, and knee kinematics, hip strength, and 
gluteal muscle activation during a single-leg squat in 
males and females with and without patellofemoral 
pain syndrome. J Orthop Sports Phy Ther. 
2012;42(6):491-501.

27 . Zeller BL, McCrory JL, Ben Kibler W, et al. 
Differences in kinematics and electromyographic 
activity between men and women during the single-
legged squat. Amer J Sports Med. 2003;31(3):449-456.

28 . Bolgla L, Cook N, Hogarth K, et al. Trunk and hip 
electromyographic activity during single leg squat 
exercises do sex differences exist? Int J Sports Phys 
Ther. 2014;9(6):756.

29 . Hollman JH, Berling TA, Crum EO, et al. Do Verbal 
and Tactile Cueing Selectively Alter Gluteus 
Maximus and Hamstring Recruitment During a 
Supine Bridging Exercise in Active Females? A 
Randomized Controlled Trial. J Sport Rehab. 2017:1-
22.

30 . Lehecka B, Edwards M, Haverkamp R, et al. Building 
a better gluteal bridge: Electromyographic analysis 
of hip muscle activity during modifi ed single-leg 
bridges. Int J Sports Phys Ther. 2017;12(4):543.

31 . Ekstrom RA, Donatelli RA, Carp KC. 
Electromyographic analysis of core trunk, hip, and 
thigh muscles during 9 rehabilitation exercises. J 
Orthop Sports Phys Ther. 2007;37(12):754-762.

32 . Suehiro T, Mizutani M, Okamoto M, et al. Infl uence 
of hip joint position on muscle activity during prone 
hip extension with knee fl exion. J Phys Ther Sci. 
2014;26(12):1895-1898.

33 . Yoon J-Y, Lee M-R, An D-H. Effect of initial position 
on the muscle activity of the hip extensors and 
amount of pelvic tilt during prone hip extension. J 
Phys Ther Sci.. 2015;27(4):1195-1197.

34 . Sakamoto A, Teixeira-Salmela L, Rodrigues dPF, et al. 
Gluteus maximus and semitendinosus activation 
during active prone hip extension exercises. Brazilian 
J Phys Ther. 2009;13(4):335-342.

35 . Jeon I-c, Kwon O-y, Weon J-h, et al. Comparison of 
Hip and Back Muscle Activity and Pelvic 
Compensation in Healthy Subjects During Three 
Different Prone Table Hip Extension Exercises. J 
Sport Rehab. 2016:1-19.

36 . Kim S-m, Yoo W-g. Comparison of trunk and hip 
muscle activity during different degrees of lumbar 
and hip extension. J Phys Ther Sci. 2015;27(9):2717-
2718.



The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 25

37 . Lewis CL, Sahrmann SA. Muscle activation and 
movement patterns during prone hip extension 
exercise in women. J Athle Train. 2009;44(3):238-248.

38 . Van Oosterwijck J, De Ridder E, Vleeming A, et al. 
Applying an active lumbopelvic control strategy 
during lumbar extension exercises: Effect on muscle 
recruitment patterns of the lumbopelvic region. 
Human Move Sci. 2017;54:24-33.

39 . Worrell TW, Crisp E, LaRosa C. Electromyographic 
reliability and analysis of selected lower extremity 
muscles during lateral step-up conditions. J Athl 
Train. 1998;33(2):156.

40 . Ekstrom RA, Osborn RW, Hauer PL. Surface 
electromyographic analysis of the low back muscles 
during rehabilitation exercises. J Orthop Sports Phys 
Ther. 2008;38(12):736-745.

41 . Farrokhi S, Pollard CD, Souza RB, et al. Trunk 
position infl uences the kinematics, kinetics, and 
muscle activity of the lead lower extremity during 
the forward lunge exercise. J J Orthop Sports Phys 
Ther. 2008;38(7):403-409.

42 . Boudreau SN, Dwyer MK, Mattacola CG, et al. 
Hip-muscle activation during the lunge, single-leg 
squat, and step-up-and-over exercises. J Sport Rehab. 
2009;18(1):91-103.

43 . Distefano LJ, Blackburn JT, Marshall SW, et al. 
Gluteal muscle activation during common 
therapeutic exercises. J Orthop Sports Phys Ther. 
2009;39(7):532-540.

44 . Lubahn AJ, Kernozek TW, Tyson TL, et al. Hip 
muscle activation and knee frontal plane motion 
during weight bearing therapeutic exercises. Int J 
Sports Phys Ther. 2011;6(2):92.

 45. Bouillon LE, Wilhelm J, Eisel P, et al. 
Electromyographic assessment of muscle activity 
between genders during unilateral weight-bearing 
tasks using adjusted distances. Int J Sports Phys Ther. 
2012;7(6):595.

4 6. Tateuchi H, Taniguchi M, Mori N, et al. Balance of 
hip and trunk muscle activity is associated with 
increased anterior pelvic tilt during prone hip 
extension. J Electrom Kin. 2012;22(3):391-397.

4 7. De Ridder EM, Van Oosterwijck JO, Vleeming A, et 
al. Posterior muscle chain activity during various 
extension exercises: an observational study. BMC 
Muscul Dis. 2013;14(1):204.

4 8. Lee KS, Ko E, Lim CG. Effect of pelvic belt on gluteal 
muscles activity during therapeutic exercise. J Physl 
Ther Sci. 2013;25(3):337-340.

4 9. Webster K, Gribble P. A comparison of 
electromyography of gluteus medius and maximus 
in subjects with and without chronic ankle 
instability during two functional exercises. Phys Ther 
in Sport. 2013;14(1):17-22.

5 0. Hollman JH, Galardi CM, Lin I-H, et al. Frontal and 
transverse plane hip kinematics and gluteus 
maximus recruitment correlate with frontal plane 
knee kinematics during single-leg squat tests in 
women. Clin Biomech. 2014;29(4):468-474.

5 1. Emami M, Arab AM, Ghamkhar L. The activity 
pattern of the lumbo-pelvic muscles during prone 
hip extension in athltes with and without hamstring 
strain injuy. Int J Sports Phys Ther. 2014;9(3):312.

5 2. MacAskill MJ, Durant TJ, Wallace DA. Gluteal 
muscle actvity during weightbearing and non-
weightbearing exercise. Int J Sports Phys Ther. 
2014;9(7):907.

5 3. Park S-y, Yoo W-g. Effects of hand and knee positions 
on muscular activity during trunk extension exercise 
with the Roman chair. J Electrom Kin. 2014;24(6):972-
976.

5 4. Kim TW, Kim YW. Effects of abdominal drawing-in 
during prone hip extension on the muscle activities 
of the hamstring, gluteus maximus, and lumbar 
erector spinae in subjects with lumbar hyperlordosis. 
J Phys Ther Scie. 2015;27(2):383-386.

5 5. Mills M, Frank B, Goto S, et al. Effect of restricted 
hip fl exor muscle length on hip extensor muscle 
activity and lower extremity biomechanics in 
college-aged female soccer players. Int J Sports Phys 
Ther. 2015;10(7):946.

56 . Youdas JW, Hartman JP, Murphy BA, et al. 
Magnitudes of muscle activation of spine stabilizers, 
gluteals, and hamstrings during supine bridge to 
neutral position. Physio Theory Pract. 2015;31(6):418-
427.

57 . Choi K, Bak J, Cho M, et al. The effects of 
performing a one-legged bridge with hip abduction 
and use of a sling on trunk and lower extremity 
muscle activation in healthy adults. J Phys The Sci. 
2016;28(9):2625-2628.

58 . Lee T-S, Song M-Y, Kwon Y-J. Activation of back and 
lower limb muscles during squat exercises with 
different trunk fl exion. J Phys The Sci. 
2016;28(12):3407-3410.



The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 26

Appendix 1. Summary of all studies reviewed with EMG excitation (%MVIC) values given as the mean 
and the standard deviation. (n=39)
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Appendix 1. Summary of all studies reviewed with EMG excitation (%MVIC) values given as the mean 
and the standard deviation. (n=39) (continued)
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Appendix 1. Summary of all studies reviewed with EMG excitation (%MVIC) values given as the mean 
and the standard deviation. (n=39) (continued)
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Appendix 1. Summary of all studies reviewed with EMG excitation (%MVIC) values given as the mean 
and the standard deviation. (n=39) (continued)
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Appendix 1. Summary of all studies reviewed with EMG excitation (%MVIC) values given as the mean 
and the standard deviation. (n=39) (continued)
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Appendix 1. Summary of all studies reviewed with EMG excitation (%MVIC) values given as the mean 
and the standard deviation. (n=39) (continued)



ABSTRACT
Background: Anterior knee pain during knee extension may be related to a meniscal movement restriction and increased menis-
cal load during function. One method of treatment involves the use of manual posterior mobilization of the tibia to specifically 
target the meniscotibial interface of the knee joint. 

Purpose: The purpose of this study was to measure motion at a cadaveric medial meniscus anterior horn during a posterior tibial 
mobilization.

Study Design: Prospective, multifactorial, repeated–measures laboratory study.

Methods: Eight unembalmed cadaveric knee specimens were mounted in a custom apparatus and markers were placed in the 
medial meniscus, tibia and femur. The tibia was posteriorly mobilized in two randomized knee positions (0 degrees and 25 degrees) 
using three randomly assigned loads (44.48N, 88.96N, and 177.93N). Markers were photographed and digitally measured and 
analyzed. 

Results: All load x position conditions produced anterior displacement of the meniscus on the tibia, where the displacement was 
significant [t (7) = -3.299; p = 0.013] at 0 degrees loaded with 177.93N (mean 0.41±0.35 mm). The results of 2(position) x 3(load) 
repeated measures ANOVA for meniscotibial displacement produced no significant main effects for load [F (2,14) = 2.542; p = 
0.114) or position [F (1,7) = 0.324, p= 0.587]. All load x position conditions produced significant posterior tibial and meniscal 
displacement on the femur. The 2(position) x 3(load) repeated measures ANOVA revealed a significant main effect for load for both 
femoral marker displacement relative to the tibial axis [F (2,14) = 77.994; p < 0.001] and meniscal marker displacement relative 
to the femoral marker [F (2,14) = 83.620; p < 0.001]. 

Conclusion: Use of a mobilization technique to target the meniscotibial interface appears to move the meniscus anteriorly on the 
tibia. It appears that this technique may be most effective at the end range position.

Level of Evidence: 2 (laboratory study)

Keywords: Anterior knee pain, Knee, Meniscus
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INTRODUCTION
Anterior knee pain is a common patient complaint 
that can occur in response to several different 
pathologies including but not limited to intraar-
ticular pathology, patellofemoral pain syndrome, 
plica syndrome, infrapatellar fat pad disorders, and 
apophysitis.1-7 Treating anterior knee pain with lim-
ited knowledge of the specific pathology can give 
rise to variable responses and outcomes to common 
interventions.8,9 Pathology of the meniscus, partic-
ularly at the anterior horn, may produce anterior 
knee pain. Pereira et al10 and Mine et al11 identified 
free nerve endings and nerve endings positive for 
substance P in the meniscus anterior horn, suggest-
ing a pain-generating role. Moss et al12 described an 
anterior knee pain management strategy aimed at 
the meniscus as the pain generator. These authors 
reported pain reduction when implementing a pro-
gram that included mobilization to the meniscus. If 
the meniscus cannot sufficiently clear the anterior 
rolling femur in the closed kinematic chain, pain 
may result secondary to increased pressure on the 
anterior horn.

Orthopedic manual therapy (OMT) techniques 
designed to encourage meniscal movement between 
the femur and tibia have been proposed.3,13-15 Ante-
rior meniscal translation on the tibia, resulting from 
OMT, can facilitate moving the meniscus out of the 
way of the anterior rolling femur during extension 
(Figure 1). Because the meniscus cannot be manu-
ally accessed in vivo in an isolated non-surgical fash-
ion, clinicians can incorporate a manually-applied 
posterior mobilization force to the tibia in order to 
fascilitate meniscal anterior displacement on the 
tibia. As the tibia and meniscus translate posterior 
during the posterior tibial mobilization, the menis-
cus is thought to come in contact with the femur, 
preventing further meniscal movement but allowing 
continued posterior tibial translation. In this case, 
the net effect would be a relative anterior menis-
cal displacement on the tibia (Figure 1). However, 
this mechanical response of the meniscus to manual 
posterior tibial mobilization has not been mechani-
cally examined. 

The purpose of this study was to measure motion 
at a cadaveric medial meniscus anterior horn 
(MMAH) during a posterior tibial mobilization. The 

investigators hypothesized that with a manually 
applied posterior tibial force with the femur pos-
teriorly supported, the MMAH would significantly 
move anterior in relation to the tibia, accompanied 
by significant movement of the tibia in relation to the 
femur. Additionally, the investigators hypothesized 
that the MMAH would not move significantly with 
respect to the femur. This experiment incorporated 
the effects of two different knee angles and three 
different mobilization forces on MMAH motion. 

METHODS

Design
The investigators implemented a prospective study 
using a 2 (knee position angle) x 3 (load intensity) 
multifactorial, repeated–measures design. The fol-
lowing dependent variables were evaluated:

1. Mensical Marker Displacement: Changes in per-
pendicular distance (mm) between the meniscal 
marker and the tibial axis.

Figure 1. Selected component movements during knee 
extension and posterior tibial mobilization. Closed-chain knee 
extension produces anterior femoral swing (a), accompanied 
by anterior rolling (b) and posterior translation (c) of the fem-
oral condyles, lending to potential MMAH compression (*) if 
the MMAH does not translate suffi ciently anterior; During 
posterior tibial mobilization, a stabilization force (d) blocks 
the femur while a posterior tibial mobilization force (e) pro-
duces a posterior translation of the tibia, carrying the MMAH 
posterior until it comes in contact with the anterior femoral 
condyles (**). Further posterior tibial mobilization may result 
in anterior displacement of the MMAH (g) relative to the tibial 
plateau (f). A = Anterior; P = Posterior; F = Femur; T = 
Tibia; MMAH = Medial Meniscus, Anterior Horn.
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2. Femoral Marker Displacement: Changes in per-
pendicular distance (mm) between the femur 
marker and the tibial axis.

3. Meniscal Minus Femur Marker Displacement: 
Changes in the difference between perpendicu-
lar distance (mm) of the MMAH marker to the 
tibial axis and femoral marker to the tibial axis. 

The following independent variables were used in 
the study:

1. Knee position angle (two levels): 

a. 0 degrees of flexion (0 deg)

b. 25 degrees of flexion (25 deg)

2. Load intensity (three levels): 

a. 44.48 Newtons (44.48 N)

b. 88.96 Newtons (88.96 N)

c. 177.93 Newtons (177.93 N)

These independent variables produced a total of 
six load x position conditions:

• Condition 1: 0 deg 44.48 N = 0 degrees flex-
ion, 44.48 Newtons load

• Condition 2: 0 deg 88.96 N = 0 degrees flex-
ion, 88.96 Newtons load

• Condition 3: 0 deg 177.93 N = 0 degrees flex-
ion, 177.93 Newtons load

• Condition 4: 25 deg 44.48 N = 25 degrees flex-
ion, 44.48 Newtons load

• Condition 5: 25 deg 88.96 N = 25 degrees flex-
ion, 88.96 Newtons load

• Condition 6: 25 deg 177.93 N = 25 degrees flex-
ion, 177.93 Newtons load

Posterior tibial mobilization is commonly used to gain 
flexion of tibia on femur, as it promotes the appro-
priate arthrokinematic tibial translation occurring 
when the knee is actively flexed in the open kine-
matic chain.3,13,16 In addition, if the knee is placed in 
full available extension and the applied mobilization 
produces anterior meniscus displacement (as pro-
posed in the present study), then a posterior tibial 

mobilization could be suited for gaining full, pain-
free knee extension.12,14 Thus, both fully extended (0 
deg) and slightly flexed (25 deg) knee positions were 
incorporated to evaluate this effect and to respect 
changes in joint congruency that occur at the end 
of knee extension17-20 on the proposed responses. Sil-
vernail et al21 reported that approximately 45 N of 
posterior tibial force was required to create a Mai-
tland grade III OMT maneuver aimed at restoring 
knee extension. Conversely, the present authors’ 
pilot testing of mobilization forces that they clini-
cally incorporate for treating the meniscotibial 
interface at end-range knee extension revealed that 
177.93 N force was needed to reach end-range of pos-
terior translation during the OMT mobilization tech-
nique under investigation. On that basis, the authors 
decided to use three different force values to mea-
sure a broader spectrum of responses: 44.48 N based 
on previous evidence21 regarding grade III Maitland 
mobilization; the present authors’ preferred clini-
cally force (177.93 N); and the 88.96 N value resting 
halfway between both the other two values. 

Specimens  
A total of eight cadaveric knee specimens were har-
vested from unembalmed cadavers that were previ-
ously donated by the local university willed body 
program. The average age of the specimens was 
79 years. The specimens were previously stored at 
-80 degrees Fahrenheit, then thawed overnight to 
room temperature prior to experimental use. Cadav-
eric specimens were excluded if they demonstrated 
observable meniscal abnormalities or damage dur-
ing visual inspection.

Instrumentation
Specimens were prepared by removing cutaneous 
and subcutaneous tissue to expose the bony regions 
while leaving the joint capsule-ligamentous and 
retinacular structures intact. A 1 cm x 1 cm tissue 
window was cut in the specimen’s medial joint cap-
sule to allow for visualization of the MMAH. A com-
mercially available Phillips-type screw was inserted 
into the MMAH (meniscal marker). Additionally, 
Phillips-type screws were inserted into the distal 
medial femoral bone (femoral marker) and proximal 
medial tibia (tibial marker 1), each 5 cm from the 
medial joint line. Another Phillips-type screw was 
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placed 2 cm more distal on the medial tibia (tibial 
marker 2), allowing both tibial screws to create a ref-
erence line (tibial axis) for computing meniscal and 
femoral translations, as well as angular tibial motion 
all in the sagittal plane. Specimens were mounted 
in a custom wooden frame (Figure 2). The investi-
gators insured that all markers and the ruler were 
positioned in the same plane to reduce error from 
differences in the depth of each image component. 
The wooden frame was securely attached to a table 
with clamps. The specimens were mounted in the 
frame by passing metal rods through the bony mid-
shaft of both femur and tibia eight centimeters from 
the cut end of the bones. Bolts were used to secure 
the rods (not the bones) to the frame, which stan-
dardized the specimen position and minimized rota-
tion in the transverse plane. The proximal end of 
the tibia remained completely unconstrained, so 
to allow a posterior mobilization force to create the 
observed tibial movements. The proximal end of the 
femur was secured with bolts but allowed position-
ing within the frame at either 0 deg knee flexion or 
25 deg knee flexion. Knee position was measured 
with a standard goniometer. Stabilizing sandbags 
were positioned on the table, posterior to the distal 
femur.

The following principles were considered in order 
to ensure measurement validity during uniplanar 
image analysis: (1) the camera was aligned per-
pendicular to the testing plane, (2) sufficient focal 

distance was maintained through all measurements, 
and (3) an object of known dimension was present 
within the field of view to be later used for calibra-
tion purposes.22 A standard ruler of 25 cm length was 
attached vertically to the tibial side of the wooden 
frame, which served as a coordinate and scaling ref-
erence during measurement (Figure 2). Marker dis-
placement was photographed using a 6.3-megapixel 
digital camera (FinePix S7000, fujiFilm, Fuji Photo 
Film Co., Ltd. 26-30, Nishiazabu 2-chome, Minato-
Ku, Tokyo 106-620, Japan) and a room light source. 
The camera was placed one meter from the plane of 
the previously described ruler, with the focal point 
parallel to and centered with the specimen’s medial 
joint line. The camera was manually focused before 
image capture of each specimen. The marker posi-
tion was captured and digitally analyzed (digitized) 
using uniplanar image analysis methods that have 
previously demonstrated reliability (intra- and inter-
tester) and validity for measuring structural rela-
tionships and responses at different joint locations 
in different controlled laboratory settings.23-29

Testing Procedure
The investigator performing the OMT technique had 
over five years of experience in routinely using the 
mobilization procedure. Each specimen was tested 
under each condition, where the order of conditions 
was randomly assigned, first by position then by load 
intensity. Distance from the reference ruler to each 

Figure 2. Posterior tibial mobilization in situ-grey arrow shows direction of mobilization force posterior on the tibia relative to 
the femur. Circles indicate the six reference points digitized for data analysis.
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marker was measured and recorded. Once positioned, 
a glide mobilization force was manually applied to the 
anterior tibia at the tibial tubercle in a posterior direc-
tion relative to the femur and parallel to the tibial 
plateau. The 44.48, 88.96, or 177.93 N force was mea-
sured by a hand-held dynamometer (MICROFET2, 
Hoggan Health Industries, Inc., Medical Products 
Division, Draper, UT) through the mobilization hand. 
A digital image was captured in an unloaded state 
(pre-load). The glide force was then applied and held 
for 60 seconds. A second digital image was captured 
at the end of the 60-second glide force while the load 
was sustained (post-load; Figure 2). This was repeated 
three times for each condition with a 60-second rest 
period between glide mobilization forces. Specimen 
# 2 and specimen # 8 were tested twice due to poor 
focus of the images. This second testing was not per-
formed consecutively in relation to the first testing, 
where the order of conditions was again randomized. 

At the end of testing, each specimen was dissected 
to ensure the meniscus marker was located in the 
anterior horn of the medial meniscus and to examine 
any meniscal abnormalities. In all eight specimens, 
the meniscus marker was correctly positioned and 
there were no observable meniscal abnormalities. 

Data Reduction 
The digital images were uploaded into a custom 
MATLAB analysis program (v.7.11.0, R2010b, The 
Mathworks, Inc., Natick, MA), where a single exam-
iner manually digitized the marker coordinates. 
First, a 10-20 cm section of the aforementioned stan-
dard ruler was used within MATLAB data processing 
to calibrate subsequent measures. The raw data were 
used to determine marker position changes and dis-
placement changes. The two tibial markers repre-
sented the reference line (tibial axis) for meniscal 
and femoral x and y coordinates. The perpendicular 
distance between the meniscal marker and the tibial 
axis represented meniscal marker positions. The 
perpendicular distance between the femoral marker 
and the tibial axis represented femoral marker posi-
tion. The difference between the meniscal marker 
and femoral marker positions represented the 
meniscus – femoral marker position. 

The following formulated process was used to estab-
lish each marker position:

1. The slope-intercept form (y = mx + b) of the 
line defined by the two markers on the tibia was 
established.

2. A point not on the line (e.g. meniscus marker) 
and a slope perpendicular to the tibia was used 
to calculate the slope-intercept form of the per-
pendicular line.

3. The two line-equations were solved simultane-
ously to calculate the coordinate of the point 
where they intersect.

Using this process, the marker position computation 
for each marker was conducted by calculating the per-
pendicular distance (r) of the marker (e.g. meniscus 
marker) from the point not on the line to the point 
where the lines intersect. The formula for calculating 
the perpendicular distance was represented by: 

      _____________________
r = √ [(X2 – X1)2 + (Y2 – Y1)2]

Where x and y are the coordinates of the two points.

Marker displacement was represented by changes in 
marker position in response to applied loads (Figure 
3). For marker displacement (meniscal, femoral, or 
meniscal-femoral) at 0 deg knee flexion, the follow-
ing formula was used to quantify the displacement:

Marker Displacement = Marker position 
(0 deg X N) – Marker position (0 deg 0 N)

Where X = 44.48, 88.96 or 177.93 N.

For marker displacement (meniscal, femoral, or 
meniscal-femoral) at 25 deg knee flexion, the follow-
ing formula was used to quantify the displacement:

Marker Displacement = Marker position (25 deg X N) 
– Marker position (25 deg 0 N)

Where X = 44.48, 88.96 or 177.93 N

Statistical Analysis 
Descriptive and inferential statistical analyses were 
conducted using the SPSS (v.18.0 for Mac 10.6x; IBM 
Corp, Armonk NY, USA) software. Tests for data nor-
mality were conducted using the Shapiro-Wilk Test. 
Alpha level was set at 0.05 for significance through-
out all tests.
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Through the statistical analysis, the investiga-
tors first determined if the markers moved from 
a starting position to an end position (marker dis-
placement) under a posterior tibial load. Mean and 
standard deviation (SD) values were calculated for 
changes in position for each marker. All data met 
the criteria for normality except femur position at 0 
deg 88.96 N, as well as 0 deg 177.93 N. A non-para-
metric, Wilcoxon Signed Ranks Test was utilized for 
analyzing these data. Otherwise, separate 2-tailed 
dependent t-tests were used to analyze marker posi-
tion differences in unloaded (0 N) versus loaded 
conditions (44.48, 88.96 or 177.93 N) at both knee 
angles. These tests were conducted for changes in: 
(1) meniscal marker position relative to tibial axis 
(representing a meniscotibial interface response); 
(2) femur marker position relative to tibial axis (rep-
resenting a tibiofemoral interface response); and (3) 
meniscus minus femur marker position (represent-
ing a meniscofemoral interface response).

Secondly, through the statistical analysis the investi-
gators assessed for differences in the extent of marker 

displacement across conditions. A separate 2 (knee 
position angle) x 3 (load intensity) repeated measures 
analysis of variance (ANOVA) was used to assess dif-
ferences across conditions in: (1) meniscal marker 
displacement relative to tibial axis; (2) femoral marker 
displacement relative to tibial axis; and (3) meniscal 
marker displacement relative to femoral marker. Pair-
wise post-hoc comparisons were performed to assess 
for location of significant differences. 

Third, through the statistical analysis the investiga-
tors tested for differences in tibial angle across condi-
tions. Tibial angle data were analyzed using a 2 (knee 
position angle) x 3 (load intensity) repeated measures 
ANOVA to determine if any angular change occurred 
between the femur and the tibia during the different 
conditions. Pairwise post-hoc comparisons were per-
formed to assess for location of significant differences.

RESULTS

Specimen
A total of eight unembalmed frozen cadaveric knee 
specimens were considered and retained, with no 

Figure 3. X-Y graph representing marker position change for unloaded and loaded conditions. The grey line represents 0 N 
(unloaded condition) and the black line represents 177.93 N (loaded condition).
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cadavers being excluded from the study in response 
to the exclusion criteria. 

Digital images
A total of 36 images were captured per specimen, 
based on three trials each for two loading condi-
tions (pre-load vs. post-load) at three load intensities 
(44.48 N vs. 88.96 N vs. 177.93 N) in two knee posi-
tions (0 deg vs. 25 deg). Overall, 288 images were 
analyzed via MATLAB as previously described. 

Meniscal Marker Displacement 
At both knee positions, all load x position condi-
tions produced anterior displacement of the menis-
cal marker relative to the tibial axis (Table 1). The 
results of the paired samples t-tests for meniscus 
displacement relative to the tibial axis found that 
only the condition 3 pre-load – post-load computa-
tion (0 deg 0 N – 0 deg 177.93 N) demonstrated a 

significant anterior meniscal marker displacement 
[t (7) = -3.299; p = 0.013] (Table 2). Therefore, the 
hypothesis of significant movement of the MMAH 
relative to the tibia was only supported under condi-
tion 3 (0 deg 177.93 N).

The results of 2 (knee position angle) x 3 (load inten-
sity) ANOVA for meniscal marker displacement 
produced no significant position x load interaction 
[F (2,14) = 0.307, p= 0.741], nor significant main 
effects for load [F (2,14) = 2.542, p= 0.114] or posi-
tion [F (1,7) = 0.324, p= 0.587], suggesting that any 
one combination of position and load were not supe-
rior for influencing the extent of meniscal marker 
displacement in this comparison. 

Femoral Marker Displacement
The femoral marker demonstrated significant dis-
placement in an anterior direction relative to the 

Table 1. Descriptive data for meniscus and femur marker position and displacement. 1 = Meniscus and femur 
position and displacemnt relative to the tibial axis. 2 = Meniscus on femur refers to meniscus marker position 
and displacement relative to the femoral marker N = Newton, deg = Degree, STD = Standard Deviation, 
Displ = Displacement, Pos = Position, mm = millimeters.
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tibial axis during all conditions in response to the 
posterior tibial mobilization (Table 1, Table 2, Figure 
4). This supports the hypothesis of significant tibial 
displacement in relationship to the femur during this 
mobilization. The 2 (knee position angle) x 3 (load 
intensity) ANOVA produced no significant position 
x load interaction [F (2,14) = 0.720; p = 0.504] nor a 
significant main effect for position [F (1,7) = 1.429; p 
= 0.271]. However, a significant main effect for load 
[F (2,14) = 77.994; p < 0.001] was found. Post-hoc 

pairwise comparison findings suggest that femoral 
marker displacement significantly increased with 
each increase in load, irrespective of knee position 
angle (Table 3). The 177.93 N load produced a sig-
nificantly greater femoral marker displacement ver-
sus the 88.96 N (p < 0.001) and 44.48 N (p < 0.001) 
loads. Moreover, the 88.96 N load produced a signifi-
cantly greater femoral marker displacement versus 
the 44.48 N (p = 0.03) load.

Meniscal-Femoral Marker Displacement
The meniscal-femoral marker displacement rep-
resented the displacement of the meniscal marker 
with respect to the femoral marker. There was a sig-
nificant posterior movement of the meniscal marker 
with respect to the femoral marker (Table 1, Table 2, 
Figure 4). This does not support the hypothesis of 
insignificant movement of the MMAH relative to the 
femur. The 2 (knee position angle) x 3 (load inten-
sity) ANOVA produced no significant position x load 
interaction [F (2,14) = 1.192; p= 0.333] nor a sig-
nificant main effect for position [F (1,7) = 1.042; p= 
0.341]. However, a significant main effect for load [F 
(2,14) = 83.620; p < 0.001] was found. Post-hoc pair-
wise comparison findings suggest that the meniscal-
femoral marker displacement significantly increased 
with each increased load, irrespective of knee posi-
tion angle across the majority of conditions (Table 3). 
Moreover, the 177.93 N load produced a significantly 

Table 2. Dependent t-tests for meniscus displacement relative to the tibial axis. 1 = 
Meniscal Marker Displacement with respect to the tibial axis. 2 = Femoral Marker 
Displacement with respect to tibial axis. 3 = Mensical minus Femoral Marker 
Displacement with respect to tibial axis. *sig (2-tailed) at p = 0.05. N = Newton, deg 
= Degree.

Figure 4. Mean Marker Displacement across all conditions 
where the femoral marker (Fem Displ) and meniscal–femoral 
marker (Men-Fem Displ) represents mean displacement (and 
95% CI) with respect to the tibial shaft, in mm. The tibial 
angle displacement (Tib Angle Displ) is represented in degrees.
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greater meniscal-femoral marker displacement versus 
the 88.96 N (p < .001) and 44.48 N (p < 0.001) loads. 

Tibial Angle 
Under each applied load, the tibial angle signifi-
cantly moved into more knee extension (mean = 
-2.07 degrees, SD = 0.33) (Figure 4). The 2 (knee 
position angle) x 3 (load intensity) repeated mea-
sures ANOVA produced a significant main effect 
for tibial angle [F (5,35) = 17.83, p < 0.001]. The 
pairwise comparisons showed significant angular 
displacement of the tibia into extension, when the 
load intensity was greater regardless of the position 
of the knee (Table 4). Although non-significant, the 
other pairwise comparisons demonstrated the same 
trend of greater movement with greater force regard-
less of position of the knee. When the load intensity 
was equal, greater angular displacement occurred at 
25 deg versus 0 deg knee position angle, except for a 
load intensity of 44.48 N.

Table 3. Post-hoc pairwise comparisons for femoral marker displacements with respect 
to tibia and meniscus. 1 = Femoral Marker Displacement with respect to tibial axis. 
2 = Mensical minus Femoral Marker Displacement with respect to tibial axis . 
*sig (2-tailed) at p = 0.05

Table 4. Post-hoc pairwise comparisons for tibial angular 
displacement. *sig at p = 0.01; Based on estimated mar-
ginal means using Bonferroni adjustment.
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DISCUSSION
Anterior knee pain provoked during end-range pas-
sive knee extension may be related to a meniscal 
movement restriction and increased meniscal load 
during function. One method of treatment involves 
the use of manual posterior mobilization of the tibia 
to specifically target the meniscotibial interface 
of the knee joint. The results of the current study 
demonstrated significant meniscus marker displace-
ment relative to the tibial axis during posterior tib-
ial mobilization occurred at a position of 0 deg and 
under a force of 177.93 N. This finding suggests that 
posterior tibial mobilization may only be effective 
in moving the meniscus on the tibia at end-range 
of knee extension, where maximum congruency of 
the joint is achieved.14 Moreover, while such an in 
situ experiment cannot account for the role of pain 
or reactive muscular contraction during menisco-
tibial mobilization execution, the findings suggest 
that a substantial force may be required to achieve 
significant meniscotibial movement, encouraging 
clinicians to be less timid with mobilization forces 
during this specific application. This required force 
may be related to the amount of movement allowed 
between the meniscus and femur that is supported 
by these findings. Had the meniscus not moved on 
the femur during the technique in response to con-
gruency between femoral condyle and meniscus, 
less force may have been required to create the same 
movement between meniscus and tibia as observed 
in this study. Thus, it appears that a modest amount 
of movement was allowed between the meniscus 
and femur, where the third hypothesis could not 
be supported. Yet, the femur appeared to serve as a 
buttress that limited further accompaniment of the 
meniscus with the tibia as the tibia was pushed pos-
teriorly. Increased force was required to create the 
anterior meniscal displacement on the tibia, and pri-
marily occurred in the fully extended position. 

The findings of the present study support the use of 
posterior tibial glide mobilization to produce menis-
cal movement. Although the menisci do not move 
extensively, due to their anchors at the anterior horn 
and periphery, such meniscal motion is important 
for normal knee function. During in vivo studies, 
investigators observed that both menisci translate 
anteriorly with knee extension, where the anterior 

horns move more than the posterior horns.17,30-32 
Selected authors examined meniscal movement in 
vivo in healthy volunteers using MRI.30,32 Vedi et al32 
found that the MMAH moved 0.54 cm and the pos-
terior horn 0.38 cm while the lateral meniscus ante-
rior horn moved 0.63 cm and the posterior horn 0.40 
cm during unloaded knee motion from 90° flexion 
to full extension. Kawahara et al30 examined menis-
cal movement during unloaded knee flexion. They 
report a posterior movement of the MMAH of 0.88 
cm and posterior horn of 0.56 cm from 0° of flex-
ion to 45° of flexion. From 45° of flexion to 90° of 
flexion the MMAH moved 1.16 cm and the posterior 
horn 0.64 cm in posterior direction. 

When comparing such in vivo meniscal movement 
to the present paper´s in situ movement, explored 
differences appear to be rather large. However, one 
should keep in mind that the reported in vivo val-
ues reflect meniscus movement throughout the 
entire rotatory flexion-to-extension range from 0° to 
90° flexion while the present data reflects MMAH 
movement during a translatory passive tibial trans-
lation while the femur remains stationary. Thus, it 
is not surprising that MMAH movement during such 
passive posterior tibial mobilization technique in 
0 degrees flexion with a mobilization force of 
177.93N applied from the clinician did not result 
in a comparable movement range versus in vivo. 
This suggests that a better alternative for examining 
meniscal response to tibial mobilization should be 
conducted in vivo. However, cadaveric studies can 
provide valuable preliminary information to gener-
ate legitimacy for subsequent clinical trials. Accord-
ingly, it was this paper’s intent to gain a first insight 
into the feasibility of meniscal mobilization using an 
orthopedic manual therapy technique designed to 
encourage meniscal movement in the meniscotibial 
interface. Furthermore, the present study aimed to 
substantiate the existing internal evidence regard-
ing the menical mobilization construct by establish-
ing preliminary data. Therefore, inferences about 
whether 0.41mm MMAH movement is clinically 
meaningful for patients with MMAH impingement 
cannot be drawn from this study, thus inspiring 
future evaluations to address this question.

The authors of this study chose to test the joint in 
both 0 degrees and 25 degrees of flexion so to assess 
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the meniscal behaviors both within and outside of 
the knee’s screw home mechanism17,18 and found that 
the mensicotibial response to posterior tibial mobili-
zation was more profound at the 0-degree position 
where the joint is more congruent. In light of multiple 
soft tissue attachments to bone, the menisci dynami-
cally guide and constrain joint motion throughout 
the available range.17,31 This function works with joint 
architecture to create joint congruency, stability, car-
tilage protection, and meniscal self-preservation.20,33 
Medial-lateral joint surface asymmetry further con-
strains the movement toward the end of knee exten-
sion, where the screw-home mechanism creates 
greater joint congruency and forces lateral tibial rota-
tion.17,18 These architectural features collaborate with 
the cruciate ligaments to influence anterior menis-
cal movement and contribute to constraining further 
extension.18,19,34 Thus, the present findings were no 
surprise, considering the change in joint congruency 
during end-range knee extension. 

The current study’s findings suggest that posterior 
tibial mobilization could influence MMAH trans-
lation on the tibia. Meniscal movement limits can 
emerge in response to inflammation and subse-
quent adhesive responses.15 As the knee approaches 
full extension, restrictions of meniscal movement 
may block the normal joint arthrokinematics.15 This 
movement constraint may lead to MMAH compres-
sion, resulting in knee extension limits and possible 
atypical anterior knee pain.12 Additionally, menis-
cal injury can change knee movement mechanics 
and loading patterns, thus stressing articular carti-
lage.35-38 Such changes can lead to further meniscal 
problems. Investigators have observed significant 
changes in the anterior posterior meniscal move-
ments related to architectural abnormalities that 
accompany knee joint pathology.30,39 Using a poste-
rior tibial mobilization in terminal extension may 
be important for restoring appropriate movement of 
the meniscus on the femur (meniscofemoral inter-
face) and tibia (meniscotibial interface). 

Orthopedic manual therapy can be used to restore 
motion to a hypomobile joint.15,21 Mobilizations that 
stretch the soft tissues in a resting position or at the 
point of restriction (Grade III – IV mobilization) can 
be used to restore tibiofemoral, meniscotibial, and 
meniscofemoral arthrokinematics to gain optimal 

joint motion, restore appropriate loading patterns, 
and achieve the highest level of function.14,21 In order 
to achieve a movement response in the meniscotib-
ial interface, the present findings suggest that a sub-
stantial force (177.93 N) may be necessary to create 
the desired meniscotibial movement response in ter-
minal extension. As a result, clinicians may be less 
timid with this specific technique and incorporate an 
appreciable force during posterior tibial mobilization 
in a knee with an intact posterior cruciate ligament, 
while continuing to respect a patient’s pain response. 

One could argue that a lack of significant menisco-
tibial displacement in conditions other than 0 deg 
and 177.93 N in the current study could be related to 
other architectural constraints in the knee that would 
limit total knee motion. However, one would then 
expect similar patterns in the results of meniscofem-
oral and or tibiofemoral displacements during the 
different conditions of the mobilization. The results 
show that this was not the case. First, the femoral 
marker significantly changed position relative to the 
tibial marker during all conditions, representing a 
significant tibial displacement relative to the femur. 
Moreover, the positive displacement values indicate 
the femur remained anterior to the tibial axis dur-
ing a posterior load to the tibia. Because this is the 
first study to the authors’ knowledge that examined 
meniscal movement on tibia during tibial mobiliza-
tion, future research should examine the same phe-
nomena in vivo to further elucidate this conjecture. 
Moreover, similar in vivo experimentation should 
examine clinical effects on those patients suspected 
of experiencing anterior knee pain related to ante-
rior meniscal involvement in the condition. 

The meniscal-femoral marker displacement differ-
ences were significant between the meniscus and 
the femur. Pairwise comparisons on the meniscal-
femoral marker displacement ANOVA indicate more 
displacement at a greater load regardless of the posi-
tion of the knee. This may be influenced by the fact 
that the femur displacement relative to the tibia was 
significant and the displacement of the meniscus 
relative to the tibia was essentially non-significant. 
This further suggests that the relative immobility of 
the meniscotibial interface resulted in the menis-
cus displacing with the tibia on the femur when the 
mobilizing force was applied. 



The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 43

selected tests, the number of specimens needed to 
achieve 80% power for all tests was prohibitive for a 
cadaveric study.

This paper does not examine the role of the pres-
ent mobilization on managing patients with anterior 
knee pain provoked with end-range passive knee 
extension. Orthopedic manual therapy techniques 
are commonly used to address knee pain and limi-
tations.40,41 Authors propose using OMT to address 
meniscal movement in the meniscotibial and/or 
meniscofemoral knee joint compartments.3,13,16 How-
ever, no evidence has yet to report the effects of these 
strategies on managing anterior knee pain provoked 
by end-range passive knee extension. The effect of 
such mobilization on cadaveric meniscal movement 
is a prerequisite to understanding the link between 
OMT to the meniscus (as in our study) and pain relief 
in this population. Based on our discoveries, future in 
vivo study replication using MRI should follow. Once 
confirmed, then a clinical trial examining the effects 
of the presently described mobilization on anterior 
knee pain and meniscal movement during end-range 
passive knee extension should be carried out.

CONCLUSIONS
To the authors’ knowledge, this is the first study to 
examine movement of specific structures during a 
manually applied joint mobilization to the tibia in 
cadaveric specimens. This method could be used 
for future studies to investigate tissue response to 
OMT. Investigation and corroboration for in vivo 
studies could include magnetic resonance imag-
ing. The findings of this study suggest that posterior 
tibial mobilization in an end-range extension posi-
tion using a substantial force may produce MMAH 
translation in an anterior direction with respect to 
the tibial plateau. This technique may be most appli-
cable in patients presenting with localized anterior 
knee pain provoked during passive end-range knee 
joint extension.
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ABSTRACT
Background: Evidence suggests that individuals with patellofemoral pain (PFP) may develop patellofemoral joint 
osteoarthritis (PFJOA). Limited data exist regarding an absolute association between PFP and PFJOA. Understanding this rela-
tionship will support the need for early interventions to manage PFP.

Hypothesis/Purpose: This study was conducted to determine if females with PFP have a patella position and cartilage biomarkers 
similar to individuals with PFJOA. It was hypothesized that females with PFP and excessive patella lateralization would have 
higher cartilage biomarker levels than controls. It also was hypothesized that a significant association would exist between pain 
and cartilage biomarker levels in subjects with excessive patella lateralization.

Study Design: Single-occasion, cross-sectional, observational

Methods: Pain was assessed using a 10-cm visual analog scale (VAS) for activity pain over the previous week. Patella offset position 
(RAB angle) was measured using diagnostic ultrasound. Urine was collected and cartilage biomarkers quantified by analyzing 
C-telopeptide fragments of type II collagen (uCTX-II). Independent t-tests were used to determine between-group differences for 
RAB angle and uCTX-II. Bivariate correlations were used to determine associations between VAS and uCTX-II for females with PFP.

Results: Subjects (age range 20 to 30 years) had similar RAB angles (p = 0.21) and uCTX-II (p = 0.91). A significant association 
only existed between VAS scores and uCTX-II for females with PFP who had a RAB angle > 13° (r = 0.86; p = 0.003). Comparison 
of uCTX-II in the 25-to-30-year-old females with PFP and excessive patella lateralization in the current study to published norma-
tive data showed that this cohort had elevated biomarkers. 

Conclusion: These findings support that a certain cohort of individuals with PFP have features similar to individuals with con-
firmed PFJOA (patella lateralization and elevated biomarkers). Additional studies are needed to determine if interventions can 
reverse not only pain but biomarker levels. 

Keywords: Knee; patella; ultrasound imaging
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INTRODUCTION
Patellofemoral pain (PFP) is one of the most com-
mon knee conditions experienced by young, active 
females.1 Although thought to be a self-limiting 
problem, emerging evidence supports an associa-
tion between PFP in early adulthood and patello-
femoral joint osteoarthritis (PFJOA) onset later in 
life.2-5 PFJOA features include a laterally-positioned 
patella, patellofemoral joint space narrowing, and 
elevated cartilage biomarker levels.2,6-9 Moreover, 
individuals with PFP have increased patellofemo-
ral joint stress profiles (e.g., elevated bone water 
content, increased hydrostatic pressure, decreased 
patellar cartilage thickness, elevated bone meta-
bolic activity) that may lead to degenerative joint 
changes.10-13 

Degenerative changes oftentimes are not diagnosed 
until joint damage is evident on imaging.14 More 
concerning is that these changes may occur over 
20 years prior to an individual becoming symptom-
atic.15 This trend supports the use of biomarkers to 
identify early osteoarthritic changes and joint dam-
age.8,16 C-telopeptide fragments of type II collagen 
(CTX-II) represents a cartilage biomarker typically 
used to monitor knee joint damage and pain and is 
easily collected via a urine sample (uCTX-II).6,7,16,17 
Determining if young, adult females with PFP 
have elevated levels of uCTX-II will provide addi-
tional evidence for an association between PFP and 
PFJOA.18 

PFP is a multi-factorial problem, which has led to clas-
sification schemes to direct treatment.19 One treat-
ment category is patella malalignment, described as 
increased patella lateralization within the femoral 

trochlea.19 Increased patella stress occurs as patel-
lofemoral joint reaction forces are directed more to 
the lateral patella facet, a pattern that can adversely 
affect articular cartilage.9 A subset of individuals 
with PFP have patella malalignment, a similar fea-
ture associated with PFJOA,5 that may lead to pain 
and elevated uCTX-II (Figure 1). 

Researchers recommend quantifying patella align-
ment using radiographs, computed tomography, 
or magnetic resonance imaging.19 Limitations with 
these techniques include excessive cost, limited 
availability, and/or unnecessary radiation exposure. 
Alternatively, clinicians may use diagnostic ultra-
sound (US), a cost-efficient, safe, and readily avail-
able imaging tool conducive for a clinical setting.20 
Anillo et al21 are the only ones to assess patella align-
ment with US. They measured a patella offset angle 
(RAB angle); a 13° or higher RAB angle represented 
excessive patella lateralization. US may represent a 
viable imaging modality that clinicians can use to 
identify patients with patella lateralization.

A certain cohort of individuals with PFP may have 
excessive patella lateralization and elevated uCTX-
II levels. Early detection of uCTX-II may allow for 
early implementation of interventions designed to 
address impairments to prevent and/or slow disease 
progression.5,18,22 The purpose of this study was to 
determine if females with PFP have a patella position 
and cartilage biomarkers similar to individuals with 
PFJOA. It was hypothesized that 1) those with PFP 
would have higher uCTX-II levels and RAB angles 
than controls and 2) a moderate-to-good correlation 
(r > .50) would exist between pain and uCTX-II in 
subjects with PFP and a RAB angle > 13°. 

Figure 1. Theoretical framework for the interrelationship between patella position, patellofemoral pain, and cartilage biomarker 
levels.
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METHODS

Study Design
A single-occasion, cross-sectional study design was 
used. The independent measure was group (females 
with PFP and controls). Dependent measures were 
self-reported pain, patella position, and cartilage 
biomarker levels.

Subjects
Eighteen healthy, recreationally active females 
with PFP (average age 24.7 ± 3.4 y) and 12 controls 
(average age 24.3 ± 1.1 y) participated. Males were 
excluded because of the higher prevalence of PFP in 
females1,23 and naturally-occurring sex differences 
in uCTX-II levels.24 A sample of convenience was 
recruited from a local university setting. Inclusion 
and exclusion criteria for subjects with PFP were 
based on prior investigations (Table 1).23 The most 
affected extremity was tested for subjects with PFP 
(six subjects reported bilateral symptoms).25 Con-
trols participated if they were recreationally active 
(e.g., exercised at least 30 min, three days a week 

over the prior six months), had no history of PFP, 
and met none of the exclusion criteria (Table 1). The 
right lower extremity was tested for controls.26 The 
investigators explained the benefits and risks of this 
study to all participants. The University’s Institu-
tional Review Board approved the study protocol; all 
subjects signed an approved informed consent docu-
ment prior to participation.

Pain Assessment 
Pain was assessed using a 10-cm VAS. The extreme 
left side of the VAS stated “no pain” whereas the 
extreme right side stated “worse pain imaginable.” 
Subjects drew a perpendicular line on the scale at 
the position that best described their pain during 
activity over the previous week. The distance from 
the left side (e.g. no pain) of the VAS to the verti-
cal mark made by the subject was measured to the 
nearest 1/10th of a centimeter and used for statistical 
analysis. The VAS for pain during activity over the 
prior week has represented a reliable, responsive, 
and valid instrument for assessing pain in individu-
als with PFP.27 

Table 1. Inclusion and exclusion criteria for females with patellofemoral pain. 
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Patella Position 
Patella position was quantified using US to measure 
the RAB angle (Figure 2), a measure similar to a 
patella offset angle.21 The RAB angle was formed by 
drawing a vertical line perpendicular to the lowest 
aspect of the femoral trochlea and another from the 
lowest aspect of the femoral trochlea to the inferior 
pole of the patella. This measure has excellent inter-
rater (ICC2,2 = 0.97; SEM = 4.2°) reliability for the 
two experienced physicians who measured the RAB 
angle (four subjects for a total of eight knees).

For testing, subjects were positioned in supine with 
the quadriceps relaxed and the lower extremity in a 
neutral position. One physician took two measures 
of the test knee; each examiner was blinded to the 
subject’s group assignment. All RAB angles were 
recorded to the nearest 1/10th of a degree; the aver-
age of two measures was used for statistical analysis.

uCTX-II Analysis 
An early morning, second void urine sample28 was 
collected, immediately processed, and stored at 
-70°C until analysis. An experienced clinical labora-
tory scientist, who was blinded to group assignment, 
analyzed all data using a commercially available 
enzyme-linked immunosorbent assay (ELISA) based 

on a mouse monoclonal antibody raised against the 
EKGPDP sequence of human CTX-II (Urine Car-
tiLaps® EIA; Immunodiagnostic Systems; Gaith-
ersburg, MD). CTX-II was corrected for urinary 
creatinine concentration using the following for-
mula: corrected CTX-II (ng/mmol) = [1000 X Urine 
CartiLaps (ng/ml)]/ creatinine (mmol/L). uCTX-II 
levels were log-transformed (ln uCTX-II) to mini-
mize the influence of outliers and used for statistical 
analysis.28

Statistical Analysis 
Separate independent student’s t-tests were used to 
determine differences for age, mass, height, RAB 
angle, and ln uCTX-II in females with and with-
out PFP. Bivariate correlations were conducted to 
determine associations between VAS scores and ln 
uCTX-II for all subjects with PFP. For this purpose, 
separate bivariate correlations were conducted for 
all subjects with PFP, those with a RAB angle < 13°, 
and those with a RAB angle > 13°. Correlation coef-
ficients (r) were interpreted as follows:29 none less 
than 0.25; fair between 0.25 and 0.50; moderate-to-
good between 0.50 and 0.75; and good-to-excellent 
over 0.75. All analyses were conducted using SYS-
TAT 13.0 (Systat Software, Inc., San Jose, CA) at the 
0.05 level of significance. 

Figure 2. Patella offset (RAB) angle measure. The RAB angle is formed by drawing a vertical line perpendicular to the lowest 
aspect of the femoral trochlea (i.e., representing midline) and another from the lowest aspect of the femoral trochlea to the center 
of the inferior pole of the patella.
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RESULTS
Subjects with and without PFP were similar with 
respect to age, mass, and height (Table 2). Subjects 
with PFP had average VAS scores of 3.7 ± 1.7 cm and 
controls were pain-free. Females with PFP exhibited 
a 1.8 times greater RAB angle than controls (Table 
3). Associations between VAS scores and ln uCTX-
II were not significant when analyzing all females 
with PFP (r = 0.02; p = 0.94) and those with a RAB 
angle < 13° (r = -0.36; p = 0.35). However, a sig-
nificant association (r = 0.86; p = 0.003) existed for 
those with a RAB angle > 13° (Figure 3).

DISCUSSION
The purpose of this study was to determine if 
females with PFP have a patella position and carti-
lage biomarkers similar to individuals with PFJOA. 
It was hypothesized that 1) those with PFP would 
have higher uCTX-II levels and RAB angles than 
controls and 2) a moderate-to-good correlation (r > 
.50) would exist between pain and uCTX-II in sub-
jects with PFP and a RAB angle > 13°. 

 No significant between-group differences were 
shown with respect to biomarkers or patella posi-
tion. However, a good-to-excellent correlation existed 
between pain and biomarkers for subjects with PFP 
and excessive patella lateralization.

Patella Position in Females with and 
without PFP 
Although the RAB angle for females with PFP was 
1.8 times greater than controls, this difference was 
not significant. The post-hoc power analysis showed 
that 65 females with and without PFP were required 
to attain 80% power. Although the imaging technique 
had excellent inter-rater measurement reliability, 
the measure’s inherent variability most likely pre-
cluded obtaining statistical significance. Additional 
larger-scale studies are needed to determine if 

Table 3. Mean ± (standard deviation) and 95% confi dence interval 
(95% CI) for patella position (RAB angle) and cartilage biomarker levels 
(uCTX-II) for all females with patellofemoral pain (PFP) and controls. 

Table 2. Mean ± (standard deviation) of demographic data for females with patellofemoral 
pain (PFP) and controls.

Figure 3. Correlation between visual analog scale (VAS) 
scores and log-transformed urinary C-telopeptide fragments 
of type II collagen (ln uCTX-II) in females with patellofemoral 
pain exhibiting excessive patella lateralization.
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females with PFP have increased patella lateraliza-
tion than controls. 

Fifty percent of females with PFP exhibited a high 
RAB angle (18.6° ± 10.9°) while the remaining 50% 
did not (2.8° ± 3.0°). This pattern suggested that 
impairments other than static patella position may 
have existed.18 Faulty lower extremity kinematics 
like excessive hip adduction and/or internal rotation 
during weight bearing activities can increase lateral 
patellofemoral joint loading and stress.30,31 A relative 
delay in vastus medialis-to-vastus lateralis activation 
during weight bearing activities also may lead to 
increased lateral loading and stress.32 This determi-
nation could not be made since kinematic and neu-
romuscular factors were not assessed. 

Cartilage Biomarker Levels in Females with 
and without PFP 
Subjects with and without PFP had ln uCTX-II of 5.9 
± 0.8 ng/mmol and 5.9 ± 0.6 ng/mmol, respectively, 
which exceeded levels reported for individuals with 
confirmed early knee osteoarthritis.6 However, com-
paring the current study findings to Ishijima et al6 
presented limitations because age can affect uCTX-
II. Mouritzen et al24 found naturally-higher non-log-
transformed uCTX-II in healthy 20-to-24-year-old 
females (500 ng/mmol) than 25-to-30-year-old 
females (225 ng/mmol). uCTX-II continued to be 
lower in healthy 31-to-35-year-old females (150 ng/
mmol). They concluded that the naturally-higher 

levels of uCTX-II seen in 20-to-24-year-old females 
resulted from higher bone turnover.24

To make meaningful comparisons to Mouritzen et 
al,24 data for subjects with PFP were stratified by age 
(20-to-24 years and 25-to-30 years), expressed as non-
log-transformed uCTX-II, and averaged (Figure 4). 
Average non-log-transformed uCTX-II for the 20-to-
24-year-old subjects, regardless of RAB angle, were 
similar to previously reported values from Mourit-
zen et al.24 This finding suggested that these females 
with PFP had naturally-higher uCTX-II consistent 
with their age group regardless of patella position. 

Meaningful differences existed when making the 
same comparison for 25-to-30-year-old females. 
Females in this age range with PFP and a higher RAB 
angle had non-log-transformed uCTX-II (525.8 ng/
mmol) that was 2.2 times higher than healthy, age-
matched females (225 ng/mmol).24 This difference 
indicated that this subgroup of females with PFP had 
higher than expected uCTX-II for their age range. 
Therefore, differences in uCTX-II based on patella 
position may not necessarily be clinically meaningful 
until naturally occurring bone turnover ceases. Addi-
tional studies are needed to make this determination.

Associations between Pain and Cartilage 
Biomarker Levels based on Patella Position 
No significant association was found between VAS 
and ln uCTX-II when analyzing all females with PFP, 
regardless of patella position, and those with a RAB 
angle < 13°. However, a good-to-excellent correla-
tion existed for females with PFP classified as having 
excessive patella lateralization (Figure 3). This find-
ing, plus the fact that these subjects had elevated bio-
markers than reported normative data,24 suggested 
that at least a cohort of females with PFP had similar 
features (e.g., patella lateralization and elevated bio-
markers) as individuals with confirmed PFJOA.2,6,9

Implications for Rehabilitation 
PFP is no longer considered a self-limiting problem 
but a disease process.18,22,33,34 Study findings support 
this belief since 25-to-30-year old females with PFP 
and excessive patella lateralization had elevated 
biomarkers, which could suggest cartilage degrada-
tion.6,24 These results further highlight the impor-
tance of early management of females with PFP.22 

Figure 4. Relative amount of mean non-log-transformed 
uCTX-II (ng/mmol) levels for females with patellofemoral 
pain (PFP) according to age and amount of patella lateraliza-
tion (RAB) to values from a large-scale study of healthy, age-
matched controls.29 A RAB angle of 13° or higher represented 
a high RAB angle.28 
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A challenge with the management of PFP is its mul-
tifactorial nature and the need for identifying treat-
ment classifications for this patient population.19,35 
While therapeutic exercise remains the recom-
mended treatment strategy,36 the addition of patella 
taping can provide short-term benefit for individuals 
with PFP36 and PFJOA.37 This investigation supports 
the use of US to identify females with PFP and exces-
sive patella lateralization. This finding may be use-
ful in identifying females with PFP who may benefit 
from patella taping. However, additional studies are 
needed to make this determination.

Delimitations 
Study findings cannot be extrapolated to males with 
PFP since only females were examined. Males were 
excluded because of naturally-lower uCTX-II than 
healthy, age-matched females.24 PFP also is more 
prevalent in females,1 and males with PFP may have 
different impairments.25

Another delimitation was the procedure used to 
measure patella position. Measuring static patella 
position with subjects in supine and the quadriceps 
relaxed most likely did not represent functional 
demands. Some subjects may have demonstrated 
greater patella lateralization if positioned in either 
supine or standing with the quadriceps contracted. 
Pilot testing showed unacceptable measurement 
reliability when measuring in supine and standing 
with the quadriceps contracted. Therefore, all sub-
jects with excessive patella lateralization may not 
have necessarily been identified.

Finally, the current study was a pilot project to 
examine the interrelationship between patella posi-
tion and biomarkers. For this reason, only uCTX-II 
was assessed since it represented the most com-
monly used biomarker to identify and monitor knee 
degenerative changes.8,16 However, use of a single 
biomarker probably did not adequately characterize 
cartilage pathophysiology.38 Future studies should 
examine a cluster of cartilage degradation and car-
tilage synthesis biomarkers in this subject cohort.39

Limitations 
This study has additional limitations. uCTX-II has 
been used to identify and monitor knee osteoar-
thritis.7 However, it was a byproduct of cartilage 

degradation that only provided an indirect assess-
ment of joint damage. uCTX-II lacked the ability to 
distinguish between PFJOA and TFOA. However, 
PFJOA has been considered a risk factor for not 
only TFOA onset but progression.33 Poole et al15 con-
cluded that individuals with knee OA can undergo 
degenerative changes over 20 years prior to becom-
ing symptomatic. Biomarkers may provide a way for 
early detection of degenerative changes and further 
support the importance of rehabilitation for females 
with PFP.22 Radiographs were not taken, precluding 
the ability to know if subjects with PFP and elevated 
uCTX-II had cartilage changes to the tibiofemoral, 
patellofemoral, or both joints. However, inclusion 
criteria were consistent with prior works23 intended 
to exclude subjects with evident degenerative 
changes. Also, one-third of subjects with PFP had 
bilateral symptoms and it was unknown if this pre-
sentation affected uCTX-II levels. Finally, uCTX-II 
typically was higher in females between the ages of 
20-to-24 years due high bone turnover.24 Using more 
sensitive measures of cartilage biomarkers (e.g., 
serum or synovial fluid samples) may have identi-
fied differences in this cohort. 

CONCLUSION 
This study was the first to compare patella position 
and cartilage biomarkers in young, adult females 
with and without PFP. While no significant differ-
ences were identified, a clinically-relevant associa-
tion existed between pain and biomarkers in females 
with excessive patella lateralization. Moreover, 
25-to-30-year old subjects with PFP and excessive 
patella lateralization had higher biomarker levels 
that exceeded both normative data and values from 
individuals with confirmed PFJOA.6,24 Future studies 
are needed to determine the effect that an interven-
tion can have on reducing both pain and biomarkers 
in this cohort of females with PFP. 
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ABSTRACT
Background: Despite the increased use of whole body vibration among athletes, there is limited literature on its acute effects 
within heterogeneous populations such as untrained adults or recreational athletes.

Hypothesis/Purpose: The purpose of this study was to investigate the acute effects of whole body vibration on vertical jump, 
power, balance, and agility for untrained males and females. It was hypothesized that there would be an effect on each outcome 
variable.

Study Design: Quasi-experimental, pretest-posttest design.

Methods: Twenty males and sixteen females, mean age 24.5 years, were assessed for vertical jump height and power as measured 
by the Myotest accelerometer, balance as measured by the NeuroCom Balance Master System, and agility as measured by a modi-
fied T-test. Each session consisted of a five-minute treadmill warm-up, a practice test, a baseline measurement, a two-minute rest 
period, whole body vibration at 2 mm and 30 Hz for 60 seconds, and a final measurement. Three different counterbalanced testing 
sessions were separated by a minimum of 48 hours in between sessions to minimize fatigue.

Results: Significant differences existed for both genders for main effect of time for Agility (p = 0.022); end point excursion Left (p 
= 0.007); and maximum endpoint excursion Left (p = 0.039). Differences for main effect of gender revealed females performed 
better than males in the following respects: end point excursion Right (p = 0.035); end point excursion Left (p = 0.014); maximum 
endpoint excursion Right (p = 0.024); and maximum endpoint excursion Left (p = 0.005). Males performed better than females in 
two respects: Agility (p < 0.0005) and Power (p < 0.0005). A significant interaction was observed between time and gender for 
vertical jump (p = 0.020). Simple main effects revealed males jumped higher than females during both pre and post intervention, 
p < 0.0005. Females had a significant decrease in the vertical jump post intervention (p = 0.05).

Conclusion: Results indicated that whole body vibration produced significant differences in the main effect of time and agility, 
and end point and maximum end point excursion Left for both genders, acutely. Females performed better in balance compared 
to males and poorer in vertical jump, but males performed better in agility and power.

Key Words: Agility, Balance, Jump Height, Power, Whole Body Vibration
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INTRODUCTION
In recent years, there has been an increased inter-
est in the use of whole body vibration (WBV) to 
increase athletic performance, but also as it relates 
to untrained adults or recreational athletes.1-7 The 
potential benefits suggest that WBV could be a prac-
tical warm-up before exercise.8,9 Current research is 
conflicting on whether or not WBV has a significant 
effect on vertical jump height, power, balance, and 
agility. Though many studies show improvements 
after exposure to WBV, some literature shows no 
improvement in performance following WBV.1,2,4,10-13 
The differences in findings may be due to the use 
of different frequencies (25-50 Hz), amplitudes (2-10 
mm), and duration of WBV (30 sec-10 min).

Armstrong et al.10 found that the most appropriate 
time to assess vertical jump height is within five 
minutes of WBV, because after that time the effects 
begin to decrease. Although they found no differ-
ence between different frequencies (30, 35, 40 or 50 
Hz) and amplitudes (2-4 or 4-6 mm), they did find 
that the use of WBV causes an increase in vertical 
jump height in a heterogeneous sample (minimally 
active students to intercollegiate athletes) of male 
and female college students. While investigating 
male and female competitive basketball players, 
Colson et al. found that a WBV training session in 
conjunction with a conventional basketball train-
ing program resulted in increased knee extensor 
strength, but no change in countermovement jump 
height.1 The training program for the experimental 
group in this study included twelve 20-minute WBV 
sessions with an amplitude of 4 mm and frequency 
of 40 Hz. One major limitation of this study was that 
the control group did not undergo the same four-
week training regimen without the WBV that the 
experimental group received; as such, they were not 
able to determine if the WBV or the training regimen 
influenced change.

Davoodi et al. found that one session of WBV signifi-
cantly increased vertical jump height (p=0.009) in 
non-athletic healthy male students.11 During the sin-
gle session of WBV, participants received eight bouts of 
vibration with a frequency of 30 Hz and an amplitude 
of 10 mm. The bouts lasted for one minute each with 
a one-minute rest period between bouts. Total treat-
ment time was 15 minutes, followed by a five-minute 

rest period before retesting. Hawkey found that fol-
lowing a six week WBV training program, there was 
a significant increase in jumping performance in 
healthy, recreationally active, male undergraduate 
students.12 Participants in this study followed a six-
week WBV training program that included one ses-
sion per week. The frequency ranged from 35 Hz to 
45 Hz while the amplitude remained at 2 mm. The 
duration of each session alternated between 3 sets of 
60 seconds to 3 sets of 70 seconds.

Ebben et al. found that WBV has no acute effect 
on, and in some cases impairs, dynamic stability in 
NCAA Division One female basketball players. They 
followed 11 participants who underwent a two min-
ute intervention with an amplitude of 4 mm, which 
consisted of 30 seconds at 30 Hz, followed by 60 
seconds at 40 Hz, and finally 30 seconds at 50 Hz.2 
The participants performed trials of bilateral, right 
leg, and left leg countermovement jumps before and 
after the intervention, taking off and landing on a 
force platform, which recorded kinetic data. Pojs-
kic et al. found that WBV was significantly better at 
improving countermovement jump, 15 meter sprint 
time, and agility using a T-test in healthy male col-
lege football players.4 They concluded that body 
weight loaded WBV is better at improving these vari-
ables over an unloaded preconditioning protocol. 
Participants underwent 4 sessions within 10 days at 
50 Hz and 4 mm. See Table 1 for a summary of these 
studies and their results.

While some of these and many other longitudi-
nal research studies examined highly trained ath-
letes,3,5,14,15 there is limited research on the acute 
effects of WBV on more heterogeneous populations 
such as untrained adults or recreational athletes. 
Therefore, the purpose of this study was to examine 
the acute effects of WBV on vertical jump, power, 
balance, and agility for untrained males and females. 
It was hypothesized that there would be a change in 
each of the four performance variables following an 
acute bout of WBV.

METHODS

Participants
Thirty-six untrained male and female adults (age 
24.5 years ± 2.2 SD) participated in the study. 
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Untrained was defined as individuals who are not 
collegiate or professional athletes. An a-priori power 
analysis was conducted in order to determine the 
minimum number of participants necessary to 
ensure sufficient power. Using a power of 0.8 and 
a large effect size of 0.4, the minimum number of 
subjects required was determined to be 26. In order 
to account for an approximate 15% attrition rate, a 
total of 36 participants was obtained.

The inclusion criteria consisted of being between 
18 and 40 years of age and being able to speak and 
understand English well enough to comprehend 
the consent form and instructions. Participants 
were excluded if they were pregnant, suffered from 

an orthopedic injury within the prior six months, 
had severe osteoporosis, a severe heart condition, 
an acute thrombosis, a pacemaker, or cancer. Each 
group served as their own control group by per-
forming a pretest before being exposed to WBV. 
Confidentiality was maintained through a number-
ing system. All information was stored on a pass-
word-encrypted computer for the duration of the 
study.

The study was approved through the University 
Institutional Review Board. All participants gave 
verbal approval and signed informed consent that 
explained the risks, benefits, and procedures of the 
study prior to participation.

Table 1. Prior studies discussed in the introduction along with pertinent 
variables and results.
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Equipment
A Power Plate (Pro5, Performance Health Systems, 
Northbrook, IL) vibration plate was used in the study. 
The Pro5 produces a linear vibration and can be set 
to different amplitudes, frequencies, and durations. 
Amplitude is the amount of linear displacement 
caused by the power plate and is measured in milli-
meters. Frequency is the number of oscillations per 
unit time and is measured in hertz (sec-1). Duration 
is the length of time that the vibration occurs and is 
measured in seconds. The settings used in this study 
included an amplitude of 2 mm, a frequency of 30 
Hz, and a duration of 60 seconds. This protocol was 
developed based on other studies that utilized ver-
tical jump, power, balance, and agility variables in 
their research.10,16,17

The Myotest (Myotest Pro 2, Myotest SA, Sion, Swit-
zerland) was used to measure vertical jump height 
and power output. It utilizes an accelerometer to 
measure jump height, power, force, velocity, and 
flight time. For males, the Myotest was shown to 
have an intra-session reliability ICC value of 0.95 
and an intersession reliability ICC value of 0.88. For 
females, the Myotest was shown to have an intra-
session reliability ICC value of 0.91 and an inter-
session reliability ICC value of 0.92.18 The Myotest 
has been shown to have excellent validity with a 
Pearson’s product correlation coefficient of r = 0.89 
when compared to the gold standard force plate.19 
In addition, validity was found to be high in studies 
utilizing a countermovement jump.20

In order to measure dynamic balance, the Limits 
of Stability (LOS) test was used as part of the clini-
cal assessment battery from the NeuroCom Balance 
Manager system (SMART EquiTest, Natus Medical 
Incorporated, Pleasanton, CA). The LOS test mea-
sures five variables associated with the participant’s 
displacement of their center of gravity (COG) includ-
ing reaction time (RT), movement velocity (MVL), 
end point excursion (EPE), maximum endpoint 
excursion (MXE), and directional control (DCL). The 
test consists of eight timed trials in which the par-
ticipant attempts to move their COG towards one of 
eight targets located at different points along their 
theoretical LOS. The LOS test has been found to 
have good reliability with ICC values of 0.80, 0.88, 
and 0.69 for MVL, EPE, and DCL respectively.21

For the agility test, a modified T-test, which forms a 
vertical and horizontal 5 meter “T,” was used. This 
test involved a participant sprinting 5 meters for-
ward followed by a side shuffle to the left 2.5 meters, 
a side shuffle to the right 5 meters, a side shuffle 
back to the left 2.5 meters to return to the center, 
and then a back pedal to the starting line. The test 
has been proven to have high reliability with an ICC 
value of 0.92 for women and an ICC value of 0.95 
for men.22 The timing system used in the study was 
the Zybek Power Agility Timer. This electronic tim-
ing system consisted of two reflectors mounted on 
tripods and a sensor connected to a timing unit that 
could take measurements up to 1/1000th of a second. 
Time started when participants moved across sen-
sors at the starting line and ended when individu-
als finished back at the starting line. These types 
of electronic timing systems have been found to be 
valid and reliable with ICC values of between 0.91-
0.99 in the timing of sprint athletes.23

Procedure
A two-way mixed method ANOVA study design was 
utilized to compare males and females for each of 
the dependent variables measured: vertical jump 
height, power, balance, and agility.

Prior to participation in the study, the participants 
were given an explanation of the study, but were not 
informed of the hypotheses on whether or not there 
would be a change in each of the conditions. Partici-
pants were required to attend three different testing 
sessions at the university research laboratory, sepa-
rated by a minimum of 48 hours between sessions 
to minimize fatigue and any potential cumulating 
effects of the WBV. Each session was dedicated to 
the measurement of one of the dependent variables: 
vertical jump height, power, balance, or agility; ver-
tical jump height and power were measured at the 
same time using the Myotest. The order in which 
subjects performed each of these tests was random-
ized using a counterbalanced design (random order 
with rotation) Figure 1.

During each session, participants began with a five-
minute warm-up on a treadmill, which was set to 
the participant’s preferred walking speed. Immedi-
ately following the warm-up, a practice test of the 
dependent variable being measured was recorded to 
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account for any learning effects. Participants then 
had a two-minute rest period before a second base-
line measurement was collected. After a two-minute 
rest period, subjects underwent the WBV interven-
tion at 30 Hz, 2 mm for 60 seconds in a semi-squat 
position at approximately 60 degrees of knee flex-
ion. A final measurement of the dependent variable 
was collected immediately after the intervention. 
For the vertical jump pre- and post-tests, partici-
pants jumped three times and an average was taken. 
The pre- and post-tests for balance were performed 
once to minimize the possibility of the acute WBV 
effect wearing off as time proceeds. The pre- and 
post-tests for agility tests were only performed once 
to minimize the effects of fatigue. The four exam-
iners were second year physical therapy students 
who underwent training for each testing interven-
tion by a physical therapist who is a Board Certified 
specialist in sports physical therapy. Three steps 
were taken to ensure consistency: the same tester 
was used throughout the duration of the experiment 
for an individual condition; each condition was 
assessed by a different investigator to reduce threats 
to internal validity; prior to commencing the study, 
all four examiners met during two separate one-hour 
sessions to discuss and practice techniques.

Statistical Analyses
A 2 (group: male, female) × 2 (time: pretest, post-
test) mixed method ANOVA was used to determine 
changes for each of the dependent variables. An 
alpha level was set at 0.05 and power was set at 0.8 
for each variable. Post hoc analysis was performed 
with pairwise comparisons if significant interactions 
were found. Statistical analysis was performed using 
the SPSS, 23.0 statistical software package (IBM Corp. 
Released 2013. IBM SPSS Statistics for Windows, Ver-
sion 23.0. Armonk, NY: IBM Corp.).

RESULTS
A significant interaction was observed between time 
and gender for vertical jump as shown in Table 2. 
Follow-up (simple main effects) independent t-tests 
revealed a difference between groups for pre-testing, 
t1,34 = 8.48, p < 0.0005 and post testing, t1,34 = 8.68, 
p < 0.0005 with males jumping higher than females 
during pre and post time periods. Using paired t-tests, 
females had a significant decrease in the vertical 
jump height post WBV, t15 = 2.137, p < 0.05.

Significant outcome measures via a mixed method 
ANOVA for the main effect of time are shown in 
Table 3. Differences were observed for males and 

Figure 1. Study fl ow diagram.
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females in the following areas: Agility: F1,34 = 5.77; 
EPE Left: F1,34 = 8.12; and MXE Left: F1,34 = 4.60.

When looking at the main effect of gender, females 
performed better overall when compared to males 
in the following balance components as shown in 
Table 4: EPE Right: F1,34 = 4.80; EPE Left: F1,34 = 6.67; 
MXE Right: F1,34 = 5.55; and MXE Left: F1,34 = 9.06. 
Males performed better overall than their female 
counterparts in the following performance variables: 
Agility: F1,34 = 42.16 and Power: F1,34 = 23.82.

DISCUSSION
The purpose of this study was to investigate the acute 
effects of WBV on vertical jump, power, balance, and 

agility for males and females in an untrained adult 
population. It was hypothesized that there would 
be an effect on each condition following an acute 
bout of WBV. Previous research is non-definitive on 
the possible benefits of WBV in a group of untrained 
adults or for gender differences.

Vertical Jump
Regarding the effects of WBV on vertical jump for 
males and females, WBV produced no significant 
effect for males, but caused a decrease in vertical 
jump height for females. These findings did not 
coincide with the results of any of the literature 
reviewed as much of the research literature reveals 
an increase in jump height as a result of vibration 

Table 4. Signifi cant outcome measures via mixed ANOVA with repeated measures 
for the main effect of gender.

Table 2. Signifi cant outcome measures via mixed ANOVA with repeated 
measures for vertical jump.

Table 3. Signifi cant outcome measures via mixed ANOVA with repeated measures 
for the main effect of time.
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training.24 Cochrane at al. examined the effects of 
WBV on vertical jump in 24 sports science students 
(16 males and 8 females) and found no significant 
differences between the WBV group and the control 
group.7 However, Torvinen et al. produced conflict-
ing results, investigating 56 nonathletic volunteers 
(21 men, 35 women, ages 19-38 years old) and find-
ing a significant increase in countermovement verti-
cal jump height in the WBV group compared to the 
control group.25 When examining the effects of WBV 
on 9 males aged 19-23 years old, Cormie et al. found 
that countermovement jump height increased fol-
lowing the use of WBV.17 This is in agreement with 
Wyon et al. who, when investigating the effects of 
WBV on 18 undergraduate female dancers, found 
that vertical jump height improved with the use of 
WBV.6

Although it is difficult to explain why a decrease in 
jump height for females occurred, it may be due to 
the untrained nature of the participants. It is also 
possible that the results seen with the present study 
could be due to the vibration parameters (frequency, 
amplitude, duration) used which is variable among 
studies. Additionally, the change could be due to 
measurement error; but this is inconclusive, as the 
SEM for a countermovement vertical jump using the 
Myotest has not been shown.

Main Effect of Time
Much research has shown that WBV appears to have 
immediate effects on postural control and static bal-
ance,26 but other research in this area is inconclu-
sive, particularly as it relates to dynamic standing 
balance. Our results demonstrated improvements in 
a few components of dynamic standing balance, spe-
cifically EPE Left and MXE Left. These findings are 
consistent with Ritzmann et al. who examined the 
effects of WBV on 40 subjects (17 female, 23 male, 
age 25 ± 4 years) and found that balance improved 
more with the WBV group compared to the control 
group.5 However, the results of this study conflicted 
with a study performed by Pollock et al.27 who found 
that, using 18 adults (15 females, 3 males aged 24.3 
± 1.5 years), WBV had no effect on balance. They 
suggested that healthy young adults may have little 
margin for improved balance during simple tasks as 
one possible explanation. Additionally, Ebben et al. 

found that WBV may actually impair dynamic stabil-
ity and balance in collegiate Division One female bas-
ketball players.2 They proposed that the duration of 
the WBV stimulus in their study (two minutes) may 
have been too long, leading to overstimulation and 
fatigue of muscle spindles and a consequent decline 
in performance. Given the paucity of research in 
this area, it is difficult to ascertain specifically why 
improvement in dynamic balance occurred. We 
can speculate that perhaps effects of WBV caused 
underlying neural mechanisms to improve coordi-
nation, but this speculation is beyond the scope of 
this research.28

Regarding the effects of WBV on agility for males and 
females, agility times improved after an acute bout 
of WBV. This agrees with a study by Ghazalian et al., 
who found an improvement in agility following WBV 
in a group of 26 healthy male students and Pagaduan 
et al. who studied the effects of acute WBV on col-
lege football players.4,29 However, these findings did 
not coincide with studies performed by Cochrane et 
al. or Torvinen et al.7,30 Both researchers found no 
significant differences between the WBV and control 
groups for agility or shuttle run times, respectively. 
However, it should be noted in the Cochrane study 
that the performance tests were performed two days 
after the last WBV training. Although several theo-
ries persist in the literature regarding reasons for 
positive effects of WBV,26 the findings observed in 
this study may simply be due to a warm-up effect 
resulting from intramuscular temperature increases 
during WBV exercise as noted by Cochrane et al.31 
As such, an acute bout of WBV may have benefi-
cial effects on any activities requiring quick lateral 
movements.

Main Effect of Gender
As noted, females revealed better dynamic stand-
ing balance ability than males for several of the 
components of dynamic standing balance. These 
findings reveal that WBV could help to broaden the 
base of support (BOS) of females. However, these 
results are in contrast to Ebben et al., who found 
that WBV has no effect on and may impair dynamic 
stability in NCAA Division One women basketball 
players.2 The WBV component of this study differs 
from Ebben et al. in amplitude (2 mm vs 4 mm), 
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frequency (a constant 30 Hz vs a variable 30, 40, and 
50 Hz) and duration (1 minute vs 2 minutes). Addi-
tionally, our test subjects in this study maintained a 
constant position of slight knee flexion during WBV 
while Ebben’s subjects performed 10-12 body weight 
squats for 60 seconds of their total WBV treatment 
time. We may theorize that muscle fatigue from the 
squats may have contributed to the decline in per-
formance after WBV. Although many of the studies 
between genders have focused on children and ado-
lescents or the elderly, researchers have reported 
significant gender differences in balance skills with 
younger females tending to have higher balance 
scores than younger males.32,33 This changes with 
elderly males and females as females tend to dis-
play greater changes in postural sway with age than 
males, but evidence is lacking regarding dynamic 
standing balance ability between young adult and 
middle-aged males and females.34,35

Differences between males and females were found 
for agility, power, EPE Right, EPE Left, MXE Right, 
MXE Left. Overall, males demonstrated faster agility 
performance times and greater power than females. 
Although this study examined only agility perfor-
mance times and not other factors relating to agility 
such as change of direction (COD) or other agility 
maneuvers, several researchers have observed that 
males produce a faster COD as well as overall agil-
ity performance than females.36,37 Regarding power, 
these findings are consistent with previous research 
supporting gender differences for overall anaerobic 
power output and maximal strength.38,39 Much of the 
literature reveals that power output can be acutely 
increased by a bout of WBV exercise whether it be 
from neuromuscular facilitation or a warming-up 
effect.31,40 As such, it appears that WBV did not have 
any major distinguishing effects on these compo-
nents for gender.

Limitations
This study has some limitations. The internal moti-
vation of the participants is a potential limitation, as 
there was no particular incentive for performing at 
maximal effort. The positioning of the participants 
during WBV is another limitation. Maintaining the 
recommended semi-squat position for 60 seconds 
may have led to muscle fatigue and, therefore, 

decreased performance.14 The set of parameters 
used for amplitude, frequency, and duration of 
WBV is another limitation. Currently, the evidence 
is inconclusive regarding the settings for optimal 
results.14 Further studies may help determine ideal 
parameters for WBV. Finally, the results of this 
study may not be generalizable to populations dif-
fering from the study group. This study did not 
investigate the effects of WBV on improving agility 
in trained individuals or balance in impaired indi-
viduals, but it does raise those questions for future 
research. However, these findings do suggest that 
WBV reduces the performance of vertical jump in 
untrained females.

CONCLUSIONS
The results of this study indicate that a bout of acute 
WBV is effective for improving agility time and some 
components of dynamic balance including EPE and 
MXE in untrained adults. In regard to gender, males 
demonstrated increased performance in power and 
agility times. Females performed better in several 
aspects of dynamic standing balance, which included 
EPE Left and Right and MXE Left and Right. A sig-
nificant interaction was found for vertical jump 
between males and females with females actually 
decreasing vertical jump performance. Overall, the 
use of WBV may be beneficial in improving some 
aspects of athletic performance including balance 
and agility. Practical application for the combination 
of improvements in balance and agility may include 
playing offense and defense in sports such as basket-
ball, soccer, hockey, and football as well as cutting 
maneuvers in all sports.

REFERENCES
 1. Colson SS, Pensini M, Espinosa J, et al. Whole-body 

vibration training effects on the physical 
performance of basketball players. J Strength Cond 
Res. 2010;24(4):999-1006.

 2. Ebben WP, Petushek EJ, Nelp AS. The effect of 
whole body vibration on the dynamic stability of 
women basketball players. Proceedings of the 28th 
Conference of the International Society of Biomechanics 
in Sports. 2010;28:537-540.

 3. Fernandez-Rio J, Terrados N, Fernandez-Garcia B, et 
al. Effects of vibration training on force production 
in female basketball players. J Strength Cond Res. 
2010;24(5):1373-1380.



The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 63

 4. Pojskic H, Pagaduan J, Uzicanin E, et al. Acute 
effects of loaded whole body vibration training on 
performance. Asian J Sports Med. 2015;6(1):e24054.

 5. Ritzmann R, Kramer A, Bernhardt S, et al. Whole 
body vibration training--improving balance control 
and muscle endurance. PloS one. 2014;9(2):e89905.

 6. Wyon M, Guinan D, Hawkey A. Whole-body vibration 
training increases vertical jump height in a dance 
population. J Strength Cond Res. 2010;24(3):866-870.

 7. Cochrane DJ, Legg SJ, Hooker MJ. The short-term 
effect of whole-body vibration training on vertical 
jump, sprint, and agility performance. J Strength 
Cond Res. 2004;18(4):828-832.

 8. Avelar NC, Costa SJ, da Fonseca SF, et al. The effects 
of passive warm-up vs. whole-body vibration on 
high-intensity performance during sprint cycle 
exercise. J Strength Cond Res. 2012;26(11):2997-3003.

 9. Bunker DJ, Rhea MR, Simons T, et al. The use of 
whole-body vibration as a golf warm-up. J Strength 
Cond Res. 2011;25(2):293-297.

 10. Armstrong WJ, Grinnell DC, Warren GS. The acute 
effect of whole-body vibration on the vertical jump 
height. J Strength Cond Res. 2010;24(10):2835-2839.

 11. Davoodi B, Arshadi S, Bouri SZ. Effect of whole body 
vibrations on performance indexes of aerobic power 
and fl exibility in non-athlete men. Br J Sports Med. 
2010;44(Suppl 1):i10-i10.

 12. Hawkey A. Whole body vibration training improves 
muscular power in a recreationally active 
population. SportLogia. 2012;8(2):116-122.

 13. Hortobagyi T, Lesinski M, Fernandez-Del-Olmo M, et 
al. Small and inconsistent effects of whole body 
vibration on athletic performance: a systematic 
review and meta-analysis. Eur J Appl Physiol. 
2015;115(8):1605-1625.

 14. Dabbs NC, Garner JC, Brown LE, et al. A brief 
review: using whole-body vibration to increase acute 
power and vertical jump performance. Strength Cond 
J. 2012;34(5):78-84.

 15. Despina T, George D, George T, et al. Short-term 
effect of whole-body vibration training on balance, 
fl exibility and lower limb explosive strength in elite 
rhythmic gymnasts. Hum Mov Sci. 2014;33:149-158.

 16. Adams JB, Edwards D, Serravite DH, et al. Optimal 
frequency, displacement, duration, and recovery 
patterns to maximize power output following acute 
whole-body vibration. J Strength Cond Res. 
2009;23(1):237-245.

 17. Cormie P, Deane RS, Triplett NT, et al. Acute effects 
of whole-body vibration on muscle activity, strength, 
and power. J Strength Cond Res. 2006;20(2):257-261.

 18. Nuzzo JL, Anning JH, Scharfenberg JM. The 
reliability of three devices used for measuring 
vertical jump height. J Strength Cond Res. 
2011;25(9):2580-2590.

 19. Castagna C, Ganzetti M, Ditroilo M, et al. Concurrent 
validity of vertical jump performance assessment 
systems. J Strength Cond Res. 2013;27(3):761-768.

 20. Choukou MA, Laffaye G, Taiar R. Reliability and 
validity of an accelerometric system for assessing 
vertical jumping performance. Biol Sport. 
2014;31(1):55-62.

 21. Pickerill ML, Harter RA. Validity and reliability of 
limits-of-stability testing: a comparison of 2 postural 
stability evaluation devices. J Athl Train. 
2011;46(6):600-606.

 22. Sassi RH, Dardouri W, Yahmed MH, et al. Relative 
and absolute reliability of a modifi ed agility T-test 
and its relationship with vertical jump and straight 
sprint. J Strength Cond Res. 2009;23(6):1644-1651.

 23. Shalfawi S, Enoksen E, Tonnessen E, et al. Assessing 
test-retest reliability of the portable Brower speed 
trap II testing system. Kinesiology. 2012;44(1):24-30.

 24. Rehn B, Lidstrom J, Skoglund J, et al. Effects on leg 
muscular performance from whole-body vibration 
exercise: a systematic review. Scand J Med Sci Sports. 
2007;17(1):2-11.

 25. Torvinen S, Kannus P, Sievanen H, et al. Effect of 
8-month vertical whole body vibration on bone, 
muscle performance, and body balance: a 
randomized controlled study. J Bone Miner Res. 
2003;18(5):876-884.

 26. Rittweger J. Vibration as an exercise modality: how 
it may work, and what its potential might be. Eur J 
Appl Physiol. 2010;108(5):877-904.

 27. Pollock RD, Woledge RC, Martin FC, et al. Effects of 
whole body vibration on motor unit recruitment and 
threshold. J Appl Physiol (1985). 2012;112(3):388-395.

 28. Nordlund MM, Thorstensson A. Strength training 
effects of whole-body vibration? Scand J Med Sci 
Sports. 2007;17(1):12-17.

 29. Ghazalian F, Hakemi L, Pourkazemi L, et al. Effects 
of different amplitudes of whole body vibration 
training on performance. Sport Sci Health. 
2014;10(1):35-40.

 30. Torvinen S, Sievanen H, Jarvinen TA, et al. Effect of 
4-min vertical whole body vibration on muscle 
performance and body balance: a randomized 
cross-over study. Int J Sports Med. 2002;23(5):374-379.

 31. Cochrane DJ, Stannard SR, Sargeant AJ, et al. The 
rate of muscle temperature increase during acute 
whole-body vibration exercise. Eur J Appl Physiol. 
2008;103(4):441-448.



The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 64

 32. Greve JM, Cug M, Dulgeroglu D, et al. Relationship 
between anthropometric factors, gender, and balance 
under unstable conditions in young adults. Biomed 
Res Int. 2013;2013:850424.

 33. Smith AW, Ulmer FF, Wong del P. Gender differences 
in postural stability among children. J Hum Kinet. 
2012;33:25-32.

 34. Kim JW, Kwon Y, Ho Y, et al. Age-gender differences 
in the postural sway during squat and stand-up 
movement. Biomed Mater Eng. 2014;24(6):2707-2713.

 35. Vereeck L, Wuyts F, Truijen S, et al. Clinical 
assessment of balance: normative data, and gender 
and age effects. Int J Audiol. 2008;47(2):67-75.

 36. McLean SG, Lipfert SW, van den Bogert AJ. Effect of 
gender and defensive opponent on the biomechanics 
of sidestep cutting. Med Sci Sports Exerc. 
2004;36(6):1008-1016.

 37. Spiteri T, Newton RU, Binetti M, et al. Mechanical 
determinants of faster change of direction and agility 
performance in female basketball athletes. J Strength 
Cond Res. 2015;29(8):2205-2214.

 38. Fuster V, Jerez A, Ortega A. Anthropometry and 
strength relationship: male-female differences. 
Anthropol Anz. 1998;56(1):49-56.

 39. Janssen I, Heymsfi eld SB, Wang ZM, et al. Skeletal 
muscle mass and distribution in 468 men and 
women aged 18-88 yr. J Appl Physiol. 2000;89(1):
81-88.

 40. Delecluse C, Roelants M, Verschueren S. Strength 
increase after whole-body vibration compared with 
resistance training. Med Sci Sport Exer. 
2003;35(6):1033-1041.



ABSTRACT
Background: Lumbar spine range of motion (ROM) is a key component of injury prevention and normative data has not currently 
been determined for an elite gymnastics population. In current clinical practice, it is commonplace to measure sagittal spinal 
alignment, during ‘high-load, low-dynamic’ control tasks, subjectively, while also only considering the lumbar spine as a single 
segment

Purpose: To develop normative data for total lumbar spine ROM and ROM during a simulated landing task (SLT) in an elite gym-
nastics population, evaluating findings in the context of the existing biomechanical literature. 

Study Design: Repeated measures, cross sectional design

Methods: Lumbar spine and low lumbar spine (LLS) ROM during a SLT were measured, using the Dorsa Vi: Vi Perform™ system 
in asymptomatic male and female elite gymnasts. Values for maximal ROM and LLS angle during the SLT were collated and 
descriptively analyzed. Lumbar ROM and posture was evaluated in relation to the current biomechanical literature and a pro-
posed Conceptual Compressive Lumbar Load Distribution Model (CCLLDM). 

Results: Thirty elite gymnasts (15 male, 15 female), participated. Participants were members of the British Artistic Gymnastics 
elite senior and junior training program and were between the ages of 16 to 30 years. Mean (SD) maximal lumbar spinal move-
ments were 64.23˚ (6.34°) for flexion and 25.89˚ (11.14°) for extension. During the SLT, participants performed lumbar spine flex-
ion of 15.96˚ (8.80°), when considered as a single segment. When considering the lumbar spine as a two segment model the LLS 
position during the SLT was towards end range anterior pelvic tilt, suggesting LLS extension.

Conclusion: These data provide a baseline for asymptomatic lumbar spine movements in an elite gymnastics population and 
provides insight into upper and lower lumbar spine movement during a SLT. The data and newly developed CCLLDM provide 
clinicians with a potential framework to identify sporting skills that may be associated with increased spinal tissue load. 

Levels of Evidence: 3b

Keywords: Gymnastics, normative data, range of motion, spinal neutral 
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INTRODUCTION
Globally, low back pain (LBP) is associated with 
significant activity modification and individual bur-
den, resulting in more years affected due to disabil-
ity than any other condition.1 LBP contributes up 
to 30% of total reported athletic injuries. This may 
lead to a loss of training time and ultimately, may 
impact competitive performance. Time loss injury 
incidence is influenced by sport specific demands, 
with the increased risk of LBP in sports with 
repeated hyper-extension and rotation movements.2 
Gymnasts are at particular risk, with spinal injury 
prevalence ranging 25-85%.3 Landing in gymnastics 
results in significant ground reaction forces, up to 
13 times bodyweight4 and has been linked to spinal 
tissue pathology.5 Common sites of spinal injury 
include the apophyseal joints, intervertebral discs, 
and the pars interarticularis.6 

Awareness of total lumbar spine range of motion 
(ROM) and sagittal alignment are considered key 
components in the identification, management and 
rehabilitation of lumbar spine pathology.6,7 Gender 
specific lumbar spine ROM normative data have 
been published for heathy participants aged 16-90 
years, including subjects with varied levels of physi-
cal activity.8 Although these data provide a broad 
overview of total lumbar spine ROM and highlight 
the impact of arthrogenic, myogenic and discogenic 
degeneration on ROM, the heterogeneity of the data 
provides little insight when extrapolating findings to 
elite physically active populations. To improve LBP 
prevention and rehabilitation strategies in an elite 
gymnastics population, normative data in this physi-
cally active subgroup is required7. 

Although several systems have an ability to measure 
lumbar spine ROM, limitations exist. Limitations 
include skin movement errors, variable reliability 
and validity, and the inability to analyze and collect 
data wirelessly.9 X-ray and fluoroscopy are consid-
ered the ‘gold standard’ for assessing lumbar spine 
ROM, however, repeated radiation exposure has doc-
umented risks.10 The Dorsa Vi: Vi Perform™ enables 
measurement of lumbar sagittal, frontal and trans-
verse planes of movement through wearable wire-
less accelerometers, and thus during unrestricted 
functional and sporting activities.9 

Awareness and reduction of compressive load dis-
tribution, maximal and cumulative end range spinal 
movements, have been proposed to reduce tissue 
damage and in turn, lumbar spine time loss inju-
ries.11 In order to optimize the distribution of axial 
compressive load through spinal structures during 
a ‘high-load, low-dynamic’ control task such as a 
gymnastics landing, the principle of neutral spine 
positioning is advocated.11 Alternatively, optimal 
spinal posture has been suggested to be ‘an envelope 
of motion and loading associated with optimal tissue 
health ( p97)’11 or neutral zone of movement away 
from end range, not a fixed neutral position.13,14 Addi-
tionally, considering the lumbar spine as a single 
segment (T12-S2) during functional tasks has been 
shown to be inadequate and not reflective of full 
lumbar spine kinematics.15 In order to assess lum-
bar spine posture during a ‘high-load, low-dynamic’ 
controlled gymnastics landing task, the lumbar 
spine must be considered as a minimum of two seg-
ments.15-17 Differing contributions of ROM from the 
upper (T12-L3) and lower (L3-S2) lumbar spine seg-
ments have been demonstrated during the activities 
of sit to stand15 and drop jump landing.4 In order to 
consider the lumbar spine as two segments,15 low 
lumbar spine (LLS) maximal movement is driven 
by anterior and posterior pelvic tilt18 and parame-
ters for the ‘envelope of motion’ for the LLS must be 
established.

The evident gap between current clinical prac-
tice and existing literature, presents challenges 
when managing risk and rehabilitating lumbar 
spine pathology in elite athletes. Limited research 
has investigated frontal plane postural changes, 
as movement in this plane rarely occurs in isola-
tion.12 The sagittal lumbar spine position associ-
ated with optimal compressive load distribution is 
not well defined in the current literature and the 
neutral spine position is currently guided by clini-
cal subjective opionion.11 Although an ‘envelope’ of 
spinal movement has been suggested with regards 
to optimal compressive lumbar load distribution11 in 
vivo, evidence based movement parameters have 
not been applied to this statement. Currently lum-
bar spine sagittal alignment and the parameters to 
the ‘envelope of motion and loading’11 are considered 
independently and require a synergistic approach. 
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Therefore a new model, The Conceptual Compres-
sive Lumbar Load Distribution Model (CCLLDM) 
(Figure 1) is presented. This model provides evi-
dence based parameters to describe the ‘envelope of 
motion’11 and establishes an optimum spinal posture, 
determined by axial compressive load distribution. 

The model presented is structured around a zone of 
sagittal spine alignment associated with optimal load 
distribution (ZOLD), defined as even axial load dis-
tribution through the anterior and posterior lumbar 
spinal segment. The authors’ hypothesize the ZOLD 
is between 0-2˚ of flexion per segment level.19-21 

A reduced degree of segmental flexion results in 
increased load cycles tolerated by spinal tissue before 
failure.22 The maximal lumbar flexion parameter is 
defined as 80% of maximal flexion range, as this posi-
tion has been shown to optimally tension the lum-
bodorsal fascia, reducing peak intervertebral disc and 
ligament load exposure.12 Spinal segment extension 
results in increased posterior neural arch loading as 
the disc is stress shielded.12,19 Capsular ligament load-
ing occurs at 4˚ of extension per segment level, which 
combined with increased extensor muscle activation, 
may be linked to myogenic fatigue.12,20 Therefore 
erect standing sagittal alignment, shown to increase 
lumbar lordosis by 2° of extension per segment level, 
is defined as the extension parameter limit. 

Currently no normative data exists regarding total 
and lumbar spine movement during a SLT, associ-
ated with high ground reaction forces,4 in an elite 
gymnastics population. The neutral spine position 
is determined subjectively and considered indepen-
dently to the ‘envelope of motion’ associated with opti-
mal tissue health. The primary purpose of this study 
was to develop normative data of total lumbar spine 
ROM, and total LLS ROM during a SLT in an elite 
gymnastics population. The secondary goal was to 
evaluate the findings in the context of the proposed 
CCLLDM. 

METHODS

Design
A repeated measures, cross sectional study was con-
ducted in a sample of 30 asymptomatic, world class 
and professional, elite gymnasts. Data collection 
was completed, in performance gymnasium by an 
experienced sports physiotherapist. Data were col-
lected over nine days between training sessions. 

Sample
Thirty elite gymnasts (15 male, 15 female), were 
approached and consented to participate. Partici-
pants were members of the British Artistic Gym-
nastics elite senior and junior training program and 

Figure 1. The Conceptual Compressive Lumbar Load Distribution Model (CCLLDM).
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were between the ages of 16 to 30 years. Participants 
were excluded if they had a previous history of spi-
nal surgery, lower limb pathology preventing study 
protocol completion, were pregnant or less than 
than six months post-partum, had inflammatory or 
neurological conditions, undiagnosed pain condi-
tions, implanted electronic devices or a current or 
previous (within the prior six months) episode of 
back pain, resulting in a time loss injury, which was 
defined as missing a scheduled session.24 

Ethics statement
All participants were provided with a Participant 
Information Sheet detailing the study purpose, par-
ticipation requirements, and right to withdraw. All 
participants provided written informed consent. 
Participants aged <18 years old were required to 
have a parent/guardian co-sign the consent form.25 
Permission to access the elite gymnastics population 
was afforded by British Gymnastics and the English 
Institute of Sport. Ethical approval was obtained from 
the University of Birmingham (Ref: 24_02_15_SW). 

Apparatus
The Dorsa Vi: Vi Perform™ (dorsaVi, Docklands, 
Victoria, Australia) measurement system consists 
of an upper and lower sensor with two tri-axial 
accelerometers and two single axis gyroscopes. 
It was placed on the skin using latex free, dispos-
able adhesive application as per the system pro-
tocol.9,26 The reader is directed to Ronichi et al9 
and Charry et al26 for further information reading 
the Dorsa Vi: Vi Perform™ system protocol. 

The Dorsa Vi system has previously demonstrated 
excellent inter- and intra-tester reliability for lumbar 
flexion (ICC 2.1; 95% CI 0.95 inter-tester, 0.99 intra-
tester) and lumbar extension (ICC 2.1; 95% CI 0.94 
inter-tester, 0.98 intra-tester).9 Concurrent validity 
has been examined with the NDI Optotrack system.9 
Caution must however be used secondary to poten-
tial funding and reporting biases as this evidence 
is provided by the current Dorsa Vi CEO and sen-
ior analyst and has not been published in the peer 
reviewed literature.9,26 Another independent and ade-
quately powered evaluation of The Dorsa Vi system 
was conducted by Laird,27 further demonstrat-
ing excellent inter- and intra-tester reliability for 

lumbar flexion (ICC 2.2; 95% CI 0.80 inter-tester, 
0.86 intra-tester) and lumbar extension (ICC 2.2; 
95% CI 0.91 inter-tester, 0.79 intra-tester).27 The use 
of the Dorsa Vi: Vi Perform™ was therefore sup-
ported for use by a single rater in this study. 

Procedure:
Participants were required to have risen from bed 
>three hours prior to participation, to ensure resolu-
tion of morning stiffness.28 Height and weight were 
measured as part of the the Dorsa Vi: Vi Perform™ 
system protocol. Participants were instructed to 
stand with feet shoulder width apart with shoulders 
flexed to horizontal in the sagittal plane. A visual tar-
get was placed 1.5 meters away to standardize head 
posture, as downward gaze during a squat has been 
shown to increase hip and trunk flexion.29 To com-
plete the SLT (due to reduced apparatus accuracy at 
speed) participants were asked to squat to a position 
of 90˚ knee flexion17 to simulate soft landing tech-
nique, associated with reduced peak ground reaction 
force.30 A hand held goniometer was used to measure 
knee flexion by the lead author, following a stan-
dardized protocol.31 This method has demonstrated 
high intra-tester reliability (ICC 0.85-0.99) and high 
validity (ICC 0.98-0.99).31 A height adjustable fitness 
aerobic step was used as a reference point for SLT 
repetitions in order to standardize depth. To ensure 
participants did not sit on the aerobic step, defined 
by Akerblom32 as weight bearing through the ischial 
tuberosities, a set of electronic scales were placed on 
the step. During the performance of the SLT partici-
pants were instructed to make contact with the elec-
tronic scales to an upper limit of 20% of sitting body 
weight. Participants then completed a standardized 
warm up of five movements into end range lumbar 
flexion and extension, anterior and posterior pelvic 
tilt21,33 to avoid serial effects11 and stabilize mobility 
performance.34 

The Dorsa Vi: Vi Perform™ system was placed on 
the participants (as previously described) and 
machine calibration was completed in erect stand-
ing, with standing resting lumbar lordosis angle 
recorded. Participants were instructed to complete 
a single movement into maximal lumbar flexion, 
lumbar extension, maximal anterior and posterior 
pelvic tilt, and into the simulated landing position.
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Maximal Lumbar Flexion:
Participants sat on the floor with a foam roller 
placed under their knees, to reduce hamstring influ-
ence on the pelvis and sagittal spine orientation.35 
In this position, the participant’s pelvis was placed 
into maximal posterior pelvic tilt,15-16 and instruc-
tions to maximally flex forward into a pike position 
in reaching for the toes, were then given to achieve 
end range21 (Figure 2a).

Maximal Lumbar Extension:
In the prone ‘cobra’ position, participants were 
instructed to maintain iliac spine position, horizon-
tal with the floor and to maximally extend the lum-
bar spine.33 Maximal thoracic extension and cervical 
extension were required to ensure maximal lumbar 
range was achieved, secondary to regional inter-
dependence and varied contribution of ROM from 
upper and lower lumbar segments16,36 (Figure 2b).

Simulated Landing Task (SLT):
Finally, subjects performed the SLT using the previ-
ously determined set up, making contact with the 
electronic scales, not exceeding the weight limit. 
(Figure 2c)

Data management and analysis: 
Total lumbar spinal movements were calculated, 
by the determining the difference between the 
upper and lower sensor measurements in the sagit-
tal plane.26 Lumbar flexion in the sagittal plane was 
indicated by a positive value and lumbar extension 
a negative value from the calibrated standing posi-
tion. LLS movements, driven by anterior and pos-
terior pelvic tilt ROM, were taken from the lower 
sensor measurements. All maximal lumbar spine 
movements, total lumbar and LLS angles during the 
SLT were collated and descriptively analyzed using 
means and standard deviation. Total and LLS pos-
ture during the SLT was then considered in relation 
to The CCLLDM.

RESULTS
Participants were aged 16-29 years with a mean 
(SD) of 19.73 years (3.51), height 162.1cm (8.4) and 
weight 60.72kg (8.86). Mean standing lumbar lor-
dosis was -30.80˚ (9.99). Maximal lumbar flexion 
and extension movements are presented in Table 1. 

Mean (SD) maximal spinal movements were 64.23˚ 
(6.34) for lumbar flexion and -25.89˚ (11.14) for 
extension. During the SLT all participants performed 
lumbar flexion relative to the calibration position 
[mean 15.96˚ (8.80)]; considering the lumbar spine 
as a single segment. In relation to the parameters of 
motion of the proposed CCLLDM, Figure 3 presents 
the maximal lumbar spine movements and lum-
bar movement during the SLT. When considering 
the lumbar spine as a two segment model the LLS 

Figure 2. a) Maximal lumbar fl exion, b) Maximal lumbar 
extension, c) Simulated Landing Task.
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mean values for maximal posterior pelvic tilt were 
11.05˚ (9.41) and for anterior pelvic tilt were 39.52˚ 
(6.52). Mean values for LLS movement (i.e. pelvic 
tilt relative to the standing calibration position) were 
31.18˚ (6.85). Data were missing for participant 14 
secondary to apparatus error however the total ROM 
is presented. 

DISCUSSION
This study provides the first normative data set of 
maximal lumbar spine ROM for an elite gymnastics 
population. Standing lumbar lordosis and maximal 

total lumbar spine ROM normative data provide ref-
erence values for asymptomatic individuals in this 
physically active population. The data also provide 
insight into total lumbar and LLS movement during 
a ‘high-load, low-dynamic’ controlled SLT, evaluated 
in the context of the newly proposed CCLLDM. 

Mean maximal lumbar flexion (64.23˚) and lum-
bar extension (-25.89˚) ROM values were consist-
ent with previous literature as measured with the 
CA6000 Spine Motion Analyzer  and Epionics SPINE 
system.8,37 Troke et al8 reported median maximal 
lumbar flexion ROM values of 73˚ and 68˚ in males 

Table 1. Lumbar spine movements.

Figure 3. Maximal lumbar spine movement and lumbar spine position as a single segment during Simulated Landing Task 
(SLT), in relation to CCLLDM.



The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 71

and females respectively (measured in a standing 
position), in a sample of 405 asymptomatic indi-
viduals aged 16-90 years. Dreischarf et al,37 complet-
ing maximal lumbar flexion and lumbar extension 
movements in standing with knees extended, also 
demonstrated similar results with a sample of 115 
participants, aged 20-29 years achieving mean val-
ues of 53.7˚ for maximal lumbar flexion and -31.1˚ 
for lumbar extension. Performing maximal move-
ment measurement protocols in standing versus 
sitting and the greater lumbar spine ROM require-
ments for an elite gymnastics subgroup, may explain 
the increased mean maximal lumbar flexion ROM 
in the current study. As lumbar spine mobility has 
shown to reduce with increasing age, the broad age 
range and limited elite gymnastics population size, 
may also reflect the variance in maximal total lum-
bar spine ROM.8 Standing lumbar lordosis angles 
presented in the current study (-30.80˚) are also 
consistent with previous literature with mean 
lumbar lordosis of 36.4˚ demonstrated by Dreis-
charf et al22 and 38.9˚ by Mitchell et al17 in a sample 
of 107 nursing students with a mean age of 21 years. 

The current findings demonstrate that participants 
performed the SLT with the pelvis close to maximal 
anterior pelvic tilt range, suggesting LLS extension. 
LLS extension during a ‘high-load, low-dynamic’ con-
trol task may result in increased posterior neural arch 
load,19 which may be associated with vertebral pathol-
ogy, highly prevalent in the gymnastic population.3,6 

This is further supported by Mitchell et al17 who dem-
onstrated participants performing LLS extension rela-
tive to the calibrated standing position during a stand 
to squat task. Wade et al4 measured lumbar spine pos-
ture during a drop jump landing from one meter, in 
twenty one female gymnasts (mean age ±SD = 13 
±3 years). The mean lower lumbar spine position is 
extension, with the upper lumbar spine in flexion 0.1 
seconds before and after the landing tasks. LLS exten-
sion would not have been evident when considering 
the spine as a single segment, further supporting the 
suggestion from the current study that considering 
the lumbar spine as a single segment does not reflect 
variation between upper and lower lumbar spine 
kinematics during a low dynamic control SLT.15

The CCLLDM presents measures for the ‘envelope of 
motion’11 associated with proposed optimal lumbar 

spine posture and compressive axial load distribu-
tion, during ‘high-load, low-dynamic’ control tasks. 
Establishing measures for the ‘envelope of motion’11 
enables identification of high risk lumbar spine 
postures, associated with increased spinal tissue 
load. The CCLLDM provides a framework for clini-
cians to identify sporting tasks associated increased 
spinal tissue axial load, facilitating load manage-
ment strategies, with the aim of reducing time loss 
injury.38 With improved awareness of higher risk 
‘low-dynamic’ control tasks, clinicians may be able 
to provide coaches with information regarding the 
cumulative biomechanical consequences of per-
forming high-repetition sporting skills associated 
with increased spinal loads. 

Limitations
A potential limitation is that data collection took place 
following a morning training session. Although the 
impact from viscoelastic hysteresis on lumbar spine 
ROM has been well demonstrated,12,39 as participants 
were part of the British Gymnastics program build-
ing towards The Olympic Games, morning activities 
could not be controlled for each participant. Lumbar 
spine compressive load biomechanics is grounded 
in single segment, cadaveric literature.7,12,15 Caution 
must therefore be used when transferring the 
results of this research to young, asymptomatic 
subjects.12 LLS, pelvic driven movement, occurring 
during the SLT reflects current research regarding 
lumbar spine kinematics4 however, transferability of 
results is limited as the pelvic tilt data presented is 
in relation to the lower sensor calibration position 
and does not provide a true reflection of relative 
movement into lumbar flexion, extension and pel-
vic tilt. Standardized positioning, as per the meth-
ods achieved in the current study, is therefore vital 
to ensure comparable data of maximal range to LLS 
position during the SLT. Clinicians should therefore 
consider pelvic driven data in relation to maximal 
anterior and posterior pelvic driven ROM, when 
implementing the described methodology. 

CONCLUSIONS
The results of the current study provide the first nor-
mative data set for lumbar spine ROM for an elite 
asymptomatic gymnastics population. These data 
will provide clinicians with reference values when 
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developing rehabilitation programs following lumbar 
spine pathology. Lumbar spine posture during the 
SLTs further supports the importance of consider-
ing the lumbar spine as a minimum of two segments 
and provides analysis of posture during a simu-
lated sporting task which may be associated with 
increased spinal tissue load. The CCLLDM has been 
developed for clinicians, synthesizing biomechanical 
literature investigating the impact of compressive 
axial lumbar load distribution on spinal tissues. The 
CCLLDM provides a model for clinicians to consider 
when developing rehabilitation programs and estab-
lishes a framework for identifying sporting activities 
associated with higher risk lumbar spine postures. 
Future studies should aim to identify sport specific 
tasks associated with end of range spinal positions. 
The CCLLDM requires further implementation and 
targeted research in varying sports to assess trans-
ferability. These data may ultimately enhance the 
ability of clinicians to develop lumbar spine injury 
prevention, rehabilitation, and load management 
strategies in the elite sporting population. 
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ABSTRACT
Background: The goal of therapeutic exercise is to facilitate a neuromuscular response by increasing or decreasing muscular activity in 
order to reduce pain and improve function. It is not clear what dosage of exercise will create a neuromuscular response.

Purpose: The purpose of this study was to assess the effects following a three-week home program of a daily single exercise, the prone hori-
zontal abduction exercise (PHA), on neuromuscular impairments of motor control as measured by scapular muscle EMG amplitudes, 
strength, and secondarily outcomes of self-reported pain and function between individuals with and without subacromial pain syndrome. 

Study Design: Prospective Case-Control, Pilot Study

Methods: Twenty-five individuals participated; eleven with shoulder pain during active and resistive motions (Penn Shoulder Score: 
77±11) and 14 matched healthy controls (Penn Shoulder Score: 99±27) (p < 0.001). Participants underwent baseline and follow up testing 
at three weeks including surface electromyography (EMG) of the serratus anterior, upper, and lower trapezius of the involved (painful 
group) or matched shoulder (control group) during an elevation task and maximal isometric shoulder strength testing. All participants 
were instructed in a PHA exercise to be performed daily (3 sets; 10 reps). Subjects logged daily exercise adherence. Neuromuscular adapta-
tions were defined by changes in EMG amplitudes (normalized to MVIC) of serratus anterior, upper trapezius, and lower trapezius and 
strength. Secondary outcomes of self-reported pain and function were also compared between groups following the three-week 
intervention. 

Results: After three weeks of a daily PHA exercise, the painful group demonstrated a greater decrease in baseline-elevated EMG ampli-
tudes in the lower trapezius by 7% (95%CI 2.6-11%) during the concentric phase of the overhead lifting task (p=0.006). EMG amplitudes 
of the healthy control group did not change at three-week follow-up. Additionally, the change in serratus anterior mean EMG amplitude 
in the painful group -1.6% (IQR -22.9 to 0.8%) was significantly greater (p=0.033) than the healthy group change score, 2.5% (IQR -2.3 to 
5.7%) during the eccentric phase (p=0.034). While the painful group was weaker in abduction and flexion at baseline and at follow up, 
both groups had a significant increase in all strength measures (p≤0.014). Concurrent with increased strength and normalizing EMG 
amplitudes, the painful group significantly improved on the Penn Shoulder Score with a mean change 9.8 points (95%CI=7.0, 12.6) 
(p<0.001).

Conclusion: In this pilot case-control study, a single home exercise performed daily for three weeks demonstrated neuromuscular adapta-
tions with improvements in muscle activity and strength. These were concurrent with modest, yet significant improvements pain and 
function in individuals with mild rotator cuff related shoulder pain.

Level of Evidence: 3

Key words: Electromyography, impingement, muscle strength, rehabilitation, subacromial pain, 
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INTRODUCTION
Abnormal scapular kinematics and altered scapu-
lar muscle electromyographic activation levels dur-
ing humeral elevation are associated with rotator 
cuff related shoulder pain.1-4 Decreased or excessive 
scapular upward rotation are commonly reported 
scapular motion alterations.4,5 However, there are 
challenges to clinicians’ ability to reliably identify 
specific alterations leading to refined scapular dyski-
nesis tests that indicate presence or absence of alter-
ations in scapular motion.6-8 Corresponding to these 
altered scapular biomechanics during shoulder ele-
vation are alterations in motor control, as evidenced 
by abnormal electromyographic (EMG) activity of 
scapular musculature in individuals with rotator 
cuff related shoulder pain relative to normal con-
trols.1 Motor control impairments likely contribute 
to abnormal scapular motion and rotator cuff related 
shoulder pain. These motor control impairments 
appear to include the relative balance of scapular 
muscles, such as increased activation of the upper 
trapezius and altered activation and onset timing in 
the lower trapezius and serratus anterior muscles.9-14 

Exercise programs that not only focus on scapular 
muscle strengthening, but emphasize motor control, 
including quality of movement and timing, have 
been advocated for the treatment of individuals with 
subacromial pain syndrome and included in shoul-
der sports injury prevention programs.5,9,12,15 Prior 
work from De May, et al.16 found that an interven-
tion consisting of four scapular focused exercises 
over a six-week period in overhead athletes with sub-
acromial pain resulted in a clinically and statistically 
significant improvement in self-reported pain and 
function measured by the shoulder pain and disabil-
ity index.16,17 Furthermore, changes in motor control 
were also found with reduced EMG amplitudes in the 
upper trapezius during elevation and onset timing of 
lower trapezius and serratus compared to upper tra-
pezius.16 Thus, improvements in pain and function 
appear to be related to changes in scapular muscle 
motor control following a six-week exercise program. 
However, it is not known if strength improvements 
occurred simultaneously as this was not a variable 
reported in the DeMay et al.16 study. The prone 
humeral horizontal abduction (PHA) exercise was 
one of the four exercises included in their study.

The PHA exercise has been consistently included in 
many shoulder rehabilitation and shoulder sports 
injury prevention programs.9,18-21 The PHA has dem-
onstrated greater scapular kinematic changes in 
upward rotation, posterior tilt, and external rotation 
compared to the resting position18 and high activa-
tion levels of both posterior scapular and rotator 
cuff musculature.16,22-24 While DeMay et al.16 showed 
changes following six weeks of training, neuromus-
cular adaptations can occur in as few as two to three 
weeks prior to physiological muscle change includ-
ing hypertrophy.25 

Ultimately, common goals of rehabilitation for 
patients including athletes with shoulder pain are 
to improve function and reduce pain. Exercise 
has been proposed as an effective intervention to 
achieve these goals. However, patients often strug-
gle with adhering to home exercise regimens due to 
multiple barriers such as low physical activity, time, 
lack of understanding, or poor self-efficacy.26 27 Cli-
nicians are frequently faced with the dilemma of 
which exercises to prescribe to achieve the rehabili-
tation goals without over-burdening the patient. Per-
haps only one exercise targeting scapular and rotator 
cuff strength may be effective as a home program 
to improve impairments in neuromuscular control, 
pain, and function in individuals with subacromial 
pain. Early perceived positive changes in pain, 
function and/or impairments have been shown to 
facilitate better outcomes over the course of physi-
cal therapy treatment.28,29 Furthermore, if a simple 
intervention results in perceivable improvements in 
just a few weeks, then patients may be willing to 
accept a more comprehensive intervention. There-
fore, the purpose of this study was to conduct a pilot 
study to assess the effects following a three-week 
home program of a daily single exercise, the PHA, 
on neuromuscular impairments of motor control 
as measured by scapular muscle EMG amplitudes, 
strength, and secondarily outcomes of self-reported 
pain and function between individuals with and 
without subacromial pain syndrome. The authors 
hypothesize that greater changes in neuromuscular 
impairments as measured by scapular muscle EMG 
amplitudes and force generated with strength tests, 
as well as a improvement in secondary measures 
of pain and function, will be greater in the painful 
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shoulder group following a three-week program of a 
daily bout of a single exercise, the PHA.

METHODS

Participants
Twenty-five adults volunteered to participate in this 
prospective case-control study. Participants were 
recruited as a sample of convenience from the uni-
versity community. Eleven individuals with rota-
tor cuff related shoulder pain (painful group) and 
14 healthy participant case-controls (healthy group) 
were recruited (Table 1). All participants signed a 
University Institutional Review Board approved 
written informed consent prior to initiating test 
procedures. 

Participants from either group were excluded if they 
were for any reason unable to perform the PHA 
shoulder exercise, had allergies to adhesive, neuro-
logical disorders or positive findings on an upper 
quarter myotomal or dermatomal screen other than 
reduced shoulder strength, limitations in shoulder 
passive range of motion (other than limitations in 
internal rotation or horizontal adduction character-
istic of posterior shoulder tightness), or a history of 
neck or shoulder fracture or surgery. Participants 
in the painful group were included if shoulder pain 
was reproduced during active, passive or resistive 
shoulder motion with a clinical exam. Specifically 
participants were included if one of passive tests, the 
Hawkins and/or Neer impingement signs, were posi-
tive and pain was reproduced with resisted abduc-
tion or external rotation or a painful arc was present 
during active abduction. Painful participants were 
excluded if the shoulder pain was greater than a 7/10 

on the numeric pain rating scale so that strengthening 
would be tolerated30 or passive range of motion was 
limited. Healthy participants were recruited if they 
had no complaints of shoulder or neck pain within 
the last six months and included if they had no repro-
duction of pain during active, passive shoulder range 
of motion in all planes (sagittal, coronal, transverse) 
or resisted shoulder motion in abduction, flexion or 
internal/external rotation at 90 degrees of abduction. 
Also participants had to demonstrate normal cervical 
spine range of active motion in all planes without 
pain. Participants in the painful group were not cur-
rently seeking treatment. Healthy participants were 
matched by sex and hand dominance of the shoulder 
tested to those in the painful group.

As part of the inclusion/exclusion process, all 
patients’ cervical and shoulder mobility were eval-
uated using standard clinical measures of active, 
passive, and resistive range of motion. Scapular dys-
kinesis testing was performed as described previ-
ously, with five repetitions of abduction and flexion 
while holding a three- or five-pound weight.7 The 
test was considered positive if obvious dyskinesis, 
noted by winging, excessive elevation or protrac-
tion, or dysrhythmia during arm elevation or low-
ering.7 The clinical screening examination included 
a neurological upper quarter myotomal and derma-
tomal screen, rotator cuff testing to rule out large/
massive rotator cuff tears with drop arm, external 
rotation lag and horn blowers signs,31 Neer and 
Hawkins impingement tests, presence or absence 
of the sulcus sign, anterior-posterior drawer, and 
apprehension testing.32-34 All testing was completed 
by a licensed physical therapist.

Table 1. Mean (± standard deviation) participant demographics and PENN 
Shoulder Score.
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All participants completed a physical activity readi-
ness questionnaire, a medical history questionnaire, 
and the Penn Shoulder Score during baseline evalu-
ation. The Penn Shoulder Score is a validated, self-
reported, regional disability scale from zero to 100 
points. One hundred points is a perfect score indicat-
ing no pain, high satisfaction, and normal function. 
The Penn Shoulder Score has strong reliability and a 
minimal detectable change score of 12 points.35 The 
Penn Shoulder Score was administered at baseline 
testing and after the three-week intervention. 

Procedures
Participants attended two sessions three weeks 
apart and underwent the same procedures on both 
sessions. Scapular neuromuscular activity of the 
upper trapezius, lower trapezius, and serratus ante-
rior was measured via surface EMG during the arm 
elevation task. The participants’ skin was prepared 
for surface electrode placement, shaved if needed, 
lightly debrided with fine sandpaper, and cleaned 
with alcohol. Bipolar surface electrodes (Blue Sen-
sor; Glen Burnie, MD) were placed parallel to the 
muscle fibers with a two-centimeter inter-electrode 
distance on the serratus anterior,36 upper portion of 

the trapezius37 and lower portion of the trapezius38 
(Table 2). A surface ground electrode was placed on 
the contralateral acromion process. An electrogoni-
ometer (SG110, Biometrics, Ladysmith, VA, USA) was 
placed on the shoulder, across the scapular spine 
and distal to the deltoid, to capture arm elevation 
motions. The EMG channel and electrogoniometer 
leads were connected to a portable amplifier (Run 
Technologies, Mission Viejo, CA). Electrode place-
ment was visually confirmed with resisted contrac-
tions of the instrumented muscles while verifying 
the EMG activity with an oscilloscope. The EMG 
amplitudes of each muscle were recorded while 
standing with the arms at the side.

The EMG amplitude data were collected during max-
imum voluntary isometric contractions (MVIC) in 
order to compare amplitude data for the task of inter-
est between participants. In order to obtain strength 
measures, a hand-held dynamometer (JTech Com-
mander, Midvale UT) was used during all MVIC test-
ing. Participants performed two five-second MVICs 
for each scapular muscle, using standardized test 
positions in randomized order (Table 2).21,39-41 Partici-
pants were familiarized with the MVIC procedure by 

Table 2. Electrode Placement and MVIC/strength test positions.
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first performing a submaximal practice trial for each 
isometric make test performed. Strength, defined as 
peak force generated, was simultaneously recorded 
with hand held dynamometer during the MVICs. 
Participants were given one-minute of rest between 
trials. To assist with determining maximal effort, 
the output of the two maximal effort trials had to be 
within 10% of each other. Additional trials were cap-
tured until two highest values were within 10%. The 
average maximal force (kg) produced during the two 
maximal trials (MVIC) was calculated and then nor-
malized to each subject’s body weight (kg) to yield 
strength as a % body weight. Three strength tests/
MVIC positions were performed: shoulder abduction 
with the arm at 90°, prone elevation with the arm 
at 125° of abduction, and seated shoulder flexion at 
125° (Table 2). MVIC EMG value used for normal-
ization was determined based on highest recorded 
EMG amplitude regardless of test position, due to 
the synergy between these muscles.42 

Arm elevation task 
Each participant was asked to perform ten repeti-
tions of weighted bilateral elevation in the scapu-
lar plane as previously described.7,16 The amount 
of weight used was based on the participant’s body 
weight. Participants with a body weight less than 150 
pounds (68 kg) used three-pound weights, (1.4kg) 
and those with a body weight equal or greater than 
150 pounds (68kg) used five-pound (2.3kg) weights. 
The weights were held in each hand, and EMG data 
was collected during arm elevation. A metronome 
was used to control the rate of elevation; a full eleva-
tion cycle was achieved in a four second count with 
two second count for maximal concentric elevation 
and two second count for eccentric lowering. Prac-
tice trials were provided to achieve the desired rate 
and range of motion of arm elevation.7 EMG activity 
was recorded during the entire duration of the eleva-
tion trials.

Prone Horizontal Abduction Exercise 
Intervention 
The PHA is a commonly used exercise in both 
preventive and rehabilitation interventions.15,29,43 
Participants were instructed to perform a prone 
horizontal abduction (PHA) exercise with verbal 
and tactile feedback to ensure correct performance. 

The therapist positioned and supported the partici-
pant’s arm in the PHA position (abduction to 100° 
with external rotation) while manually guiding the 
scapula into depression and retraction as a cue for 
the desired scapular movement with the exercise. 
Verbal cues to fully externally rotate the humerus, 
to tip scapula back and downwards, and to avoid a 
shrugging motion were also provided. Tactile feed-
back with tapping was provided to the lower trape-
zius to facilitate activation.44 The participant was 
then asked to demonstrate the full exercise while 
additional verbal and tactile feedback was provided. 
The efficacy of this exercise instruction on scapular 
muscle activity has been previously demonstrated.44 
Once proper technique was achieved, the partici-
pant was asked to perform three sets of ten repeti-
tions daily at home. Participants were provided with 
a weight to use at home that was equal to two per-
cent of his or her bodyweight, as adapted from De 
Mey, et al.16 Additionally, participants were given 
written instructions that described how to perform 
the PHA exercise and an exercise log to record daily 
exercise adherence.41 

EMG Data Processing
A 16-channel EMG system (Run Technologies, Mis-
sion Viejo, CA) was used to record muscle activity. 
All raw EMG data were transmitted at 2000 Hz via 
a fiber optic cable through a Myopac transmitter 
unit (Run Technologies, Mission Viejo, CA) to the 
receiver unit. Unit specifications for the Myopac 
included a common mode rejection ratio (CMRR) of 
90 dB, an amplifier gain of 2000 for the surface EMG 
electrode, and an amplifier gain of 1000 for the elec-
trogoniometer. Using Datapac 5 software (Run Tech-
nologies, Mission Viejo, CA), all raw EMG data were 
processed digitally with a passive demeaning filter 
to correct for a DC offset. All raw EMG data had a 
high pass fourth order finite impulse response filter 
set at 10.0 Hz, then were full-wave rectified. Finally, 
a low pass cut-off of 6.0 Hz with a fourth order But-
terworth filter was used to smooth the data.41

The MVIC was determined by identifying the high-
est 500ms window of EMG activity during the two 
five-second maximal isometric trial for each muscle 
tested. The highest 500ms of EMG activity recorded 
during resting was subtracted out of all MVIC and 
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exercise recorded EMG activity as background 
noise.45 The mean EMG amplitudes were normal-
ized to the MVIC EMG amplitudes to represent mean 
muscle activity. The electrogoniometer was used to 
identify two, concentric and eccentric, phases of the 
elevation task. The reproducibility of the experimen-
tal procedure and EMG data processing was good 
to excellent as previously established.46 Trials four 
through eight were averaged for each phase sepa-
rately to represent each participant’s mean EMG 
amplitude during the elevation task. This processing 
was performed to derive mean EMG concentric and 
eccentric EMG amplitudes for each muscle at base-
line and discharge to be used for statistical analyses.

Statistical Analysis 
As data were obtained to generate preliminary esti-
mates of changes in neuromuscular adaptations 
in this pilot case-control study, no a priori sample 
size analysis was performed to determine statistical 
power to detect between group differences in treat-
ment effects. All data were evaluated for normality 
using the Shapiro-Wilk test of normality and Q-Q 
plot. Chi-square and independent t-tests were used 
to compare baseline group participant demographics 
and three-week follow up self-reported adherence 
to the daily PHA exercise as a proportion of days 
completed. To determine the effects of a three-week 
single PHA exercise home program on changes in 
neuromuscular adaptations during the active eleva-
tion task and shoulder strength between groups, sep-
arate 2x2 repeated-measures ANOVAs were used to 
evaluate change between groups over time in mean 
EMG amplitudes (concentric; eccentric phases of 
elevation task) in the lower trapezius, upper tra-
pezius and normalized maximal strength (% body 
weight) in abduction, flexion, and prone elevation. 
The within participant factor was time (baseline, 
three-week follow up) and the between-participants 
factor was group (painful, healthy). In the event 
of statistical significance, post-hoc testing was per-
formed using pairwise comparisons and a Bonferroni 
corrected alpha. To evaluate differences over time 
between groups in the Penn Shoulder Score and ser-
ratus anterior mean concentric and eccentric EMG 
amplitudes during the elevation task, separate non-
parametric Mann-Whitney U tests were performed 
to compare change scores from baseline to discharge 

between the two groups (healthy and painful) due to 
the non-normal distribution of these data. Alpha was 
set at 0.05 for all analyses.

RESULTS
Eleven individuals with shoulder pain (painful 
group) and 14 healthy participant case-controls 
(healthy group) completed the study. Baseline char-
acteristics of the two groups were not significantly 
different for age, height or weight (Table 1). How-
ever, as expected the painful group had lower Penn 
Shoulder Scores than the healthy group at baseline 
(p<0.001). There were no significant differences 
(p=0.581) in the proportion of self-reported adher-
ence to the daily PHA exercise between the painful 
group (83.1%) and the healthy group (79.1%). How-
ever, only 8/11 (72%) subjects in the painful group 
and 9/14 (64%) subjects the healthy control group 
returned the compliance log. 

There was a significant group by time interaction 
(p =0.045) with the lower trapezius muscle during 
the concentric phase of arm elevation. The painful 
group demonstrated greater lower trapezius EMG 
amplitudes at baseline, and a significant (p=0.006) 
7% (95%CI 2.6-11%) mean reduction in EMG ampli-
tudes at three-week follow-up compared to no change 
(p>0.05) in the healthy group. Similar results were 
found in lower trapezius EMG amplitudes during the 
eccentric phase. During eccentric phase arm eleva-
tion task, the painful group had greater EMG ampli-
tude in the lower trapezius muscle at baseline. The 
reduction in EMG amplitude at follow up did not 
reach statistical significance for the time x group 
interaction (p=0.081). However, there was a statisti-
cally significant main effect of group given the higher 
baseline and follow up eccentric lower trapezius 
EMG amplitudes in the painful group (5.8%; 95%CI 
2.1-9.5%) across both time points (p=0.004) (Table 3). 

The upper trapezius EMG amplitudes did not dem-
onstrate a group by time interaction in either the 
concentric or eccentric phases of arm elevation 
(p=0.33, p=0.086), respectively (Table 3). While 
there were trends of main effect of group (p=0.09) 
with the painful group demonstrating greater upper 
trapezius mean EMG amplitudes in both phases 
of elevation at baseline and follow up, this did not 
quite reach statistical significance in either phase 
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(p=0.06; p=0.097). Additionally there were trends 
towards a main effect of time with both groups 
showing a mean of 3-4% decrease in upper trape-
zius EMG amplitudes from baseline to three week 
follow up, yet this did not reach significance dur-
ing the concentric (p=0.067) or eccentric (p=0.092) 
phases, respectively. 

The serratus anterior EMG amplitude change scores 
were calculated with a negative number indicat-
ing a reduction in EMG amplitude from baseline 
to three-week follow-up. Results of non-parametric 
Mann-Whitney U tests analyses show that during 
the concentric phase of arm elevation, there were 
similar changes in the painful group -9.4% (IQR 
-36.5 to 9.7%) compared to the healthy group change 
3.2% (IQR -8.2 to19.8%) which were not statistically 
significant (p =0.075). However, during arm lower-
ing (the eccentric phase of the task), the change in 
serratus anterior mean EMG amplitude in the pain-
ful group -1.6% (IQR -22.9 to 0.8%) was significantly 
greater (p=0.033) than the healthy group change 
score, 2.5% (IQR -2.3 to 5.7%). 

Results of individual 2-way repeated-measures 
ANOVA used to evaluate change in strength, revealed 
no difference in the change in maximal normal-
ized force generated between the groups over time 
with a group by time interaction of p>0.59 (Table 

4). However, there was a significant increase in all 
three strength measures in both groups demonstrat-
ing a main effect of time (p≤0.014). (Table 4) Addi-
tionally, the healthy group generated more force 
with strength tests in abduction (p=0.02, 3.4%; 
95%CI=0.6, 6.2) and flexion (p=0.03, mean=2.6%; 
95%CI=0.3, 4.9) than the painful group, across 
both time points. While this was true for abduction 
and flexion, there were no significant differences 
(p=0.08); between the groups in force generated 
with the prone elevation at either time point (mean 
difference 1.8%, 95%CI=-0.2, 3.7). (Table 4) Lastly, 
there was a significant difference in the change in the 
Penn Shoulder Score between groups (p<0.001) with 
an improvement in the Penn Shoulder Score in the 
painful group by a mean of 9.8 points (95%CI=7.0, 
12.6) compared to no change in the healthy group 
(mean change =-0.43 points; 95%CI =-2.9, 2.1).

DISCUSSION 
The results of the current study suggest neuromus-
cular adaptations occur following a three-week pro-
gram of a single exercise, PHA, performed daily in 
individuals with and without rotator cuff related 
shoulder pain. Interestingly, there appeared to be 
carry-over effects with changes in muscle activ-
ity (EMG amplitudes) during a functional eleva-
tion task that occurred following a daily three-week 
PHA exercise program, but primarily in the painful 
group. In the painful group, baseline mean EMG 
amplitudes of the lower trapezius and serratus ante-
rior were elevated and significantly reduced follow-
ing the three-week PHA exercise program in both 
the concentric and eccentric phases of the elevation 
task, respectively. Greater EMG activity in the lower 
trapezius and serratus at baseline in the painful 
group suggests greater muscle activity is required 
to perform the submaximal arm elevation task at 
baseline compared to three-week follow up testing. 
This decrease in muscle activity needed to perform 
the elevation task occurred concurrent with a mod-
est but significant increase in shoulder strength 
increase following a three-week daily single exercise 
that targeted the posterior shoulder musculature. 
This supports the hypothesis that neuromuscular 
adaptations occurred following a three-week PHA. 
Furthermore, the mean lower trapezius and serra-
tus anterior EMG amplitudes were lower at baseline 

Table 3. Results of change in EMG amplitudes as percent-
age of MVIC.
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and did not significantly change in the healthy 
control group following the three-week interven-
tion. Concurrent with neuromuscular changes, the 
painful group also had a significant improvement 
in the Penn Shoulder Score from baseline to three-
week follow up, although not beyond the minimal 
detectable change. Results of this pilot study are 
encouraging, since recent research has shown that 
early changes to physical therapy interventions can 
occur29 and are predictive of future results.28,47 The 
current study results indicate that individuals with 
rotator cuff related shoulder pain demonstrate neu-
romuscular adaptions following a three-week single 
PHA exercise program approximating mean muscle 
activity and strength found in healthy individuals as 
self-reported pain and function improves. 

Neuromuscular Adaptations: EMG 
amplitudes
In the current study, the painful group had a signifi-
cant decrease in lower trapezius and serratus ante-
rior EMG amplitude during the arm elevation task 
from baseline to three-week follow up compared to 
the healthy control group. These changes are con-
sistent with prior research showing neuromuscular 

change occurs with exercise in short-term follow 
up.25 The significant change found in the lower tra-
pezius is likely due to the specificity of the exercise 
prescribed. Prior work has shown that the PHA 
exercise elicits high levels of lower trapezius activ-
ity, 59% of MVIC during the concentric phase of 
the exercise, compared to the serratus anterior and 
upper trapezius with 12.5% and 24% MVIC, respec-
tively.22 Furthermore, the verbal and tactile exercise 
instruction provided at baseline was intended to 
facilitate greater lower trapezius muscle activity and 
reduce excessive upper trapezius activity during the 
PHA exercise. The effects of the specific verbal and 
tactile instruction to facilitate targeted lower trape-
zius muscle performance with the PHA have been 
previously demonstrated.44 

Interestingly, there do appear to be carry-over of 
the effects of a PHA exercise to the elevation task, 
specifically with reduced lower trapezius EMG 
amplitudes by 7% (p=0.006) in the concentric 
phase at three-week follow up (Table 3). This is con-
sistent with findings of prior research by DeMay, 
et al. who found a 15% reduction in lower trape-
zius muscle activity following a six-week scapular 

Table 4. The normalized strength, force generated as percent of bodyweight, at baseline 
and discharge.
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muscle strengthening program in individuals with 
subacromial pain syndrome. The current results 
are consistent with these prior study results with 
approximately half the reduction in excessive mean 
lower trapezius EMG activity, in only three weeks 
of a single PHA exercise. Furthermore, only the cur-
rent pilot study included a healthy control group 
that had lower mean EMG activity during the eleva-
tion task at baseline that did not significantly change 
at follow up. Inclusion of the healthy control group 
also allowed the authors to evaluate change scores 
in the non-normally distributed serratus anterior 
EMG amplitudes between groups from baseline to 
follow up in the current study. There was a statisti-
cally significant change from baseline to discharge 
(p=0.033) in mean serratus anterior amplitudes 
during the eccentric phase of the elevation task in 
the painful group -1.6% (IQR -22.9 to 0.8%), com-
pared to the healthy group. In previous research by 
DeMey et al,16 similar mean changes (2%) were not 
significant following a six-week exercise program in 
individuals with subacromial pain syndrome. 

The relative decreases in EMG amplitudes found in 
the lower trapezius and serratus anterior during a 
functional task following a three-week strengthen-
ing program are expected can be an indication that 
muscular demands are diminished.16 Repeating 
the same arm elevation task prior to and following 
a training intervention, one would expect that the 
task would be less demanding after the intervention. 
Data supports this observation in the current case- 
control pilot study, even though statistical signifi-
cant differences were not always achieved. Patients 
with shoulder pain were prescribed exercises that 
are intended to strengthen and improve motor con-
trol of the target muscles to reduce the heightened 
EMG activity during a submaximal functional task. 
In this study, the authors’ observed that a single 
PHA exercise altered neuromuscular activity used 
to perform a common task with activities of daily liv-
ing that is often painful in the population with rota-
tor cuff related pain. 

While neural adaptations may be one rationale for 
the reduced EMG amplitude results in the painful 
group, consideration must also be given to methodol-
ogy used in this study that required both the painful 
and healthy groups to perform a maximal voluntary 

isometric contraction. The maximal EMG amplitude 
during the MVIC was used to normalize the EMG 
data during the functional task in both painful and 
healthy groups. This introduces a concern that neu-
romuscular changes found in the current study may 
not be attributed to neuromuscular adaptations in 
the painful group, but may be simply due to a reduc-
tion in pain with the MVIC with the follow up test-
ing. In the current study the authors did not capture 
pain ratings during the MVIC in the painful group. 
However, to address this potential confounder, the 
raw EMG microvolts recorded during the MVIC that 
were used to normalize the EMG amplitudes for both 
groups at both time points were analyzed using a 
non-parametric Wilcoxon Signed Rank test to deter-
mine if meaningful changes occurred between test-
ing days. As shown in Figures 1 and Figure 2, there 
were no significant differences between EMG ampli-
tudes used to normalize the task EMG mean ampli-
tude data for either group between baseline and 
three-week follow up (p >0.11). Given little to no 
change in the MVIC EMG amplitude data between 
baseline and follow up in the painful group, authors 
suggest that changes found in the mean MVIC nor-
malized EMG amplitudes with the elevation task can 
be attributed to true neuromuscular adaptations.

Neuromuscular Adaptations: Strength
Over the three weeks of the current study revealed 
small but consistent and statistically significant 
strength gains of one to two percent bodyweight 
in both groups. It is known that progressive resis-
tance exercise increases strength, but few studies 

Figure 1. Box plot of healthy subjects’ microvolts during 
maximal voluntary isometric contraction testing for eleva-
tion, abduction, and prone elevation.



The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 83

relate these gains specifically to shoulder rehabilita-
tion.48 In the current study, both healthy and pain-
ful groups demonstrated and increase in isometric 
maximal force production measured by a handheld 
dynamometer in abduction, flexion and prone ele-
vation by 1-2% body weight. Given the mean body 
weight of participants in the current study (72kg; 
158lbs), maximal isometric force generated in shoul-
der flexion gains would equate to and increase from 
7.4kg to 8.1kg (16.3 to 17.8 lbs) in both groups. These 
results are comparable to the previously reported 
mean strength in shoulder flexion values in healthy 
adults and those with rotator cuff related shoulder 
pain 6.8kg to 7.7kg (15.0 to 16.9lbs).49,50 With shoul-
der abduction strength testing, current study results 
equate to an increase in maximal force generated 
from 8.4kg to 9.4kg (18.5 to 20.7lbs) following a 
three-week PHA daily exercise in both groups. The 
current study results provide evidence that over a 
short period of training, neuromuscular adapta-
tions with both changes in muscle EMG activity and 
strength occur from a single shoulder exercise over 
a three-week period of daily training in individu-
als with rotator cuff related shoulder pain. This is 
an important finding with value-based healthcare, 
as clinicians search for ways to overcome the poor 
adherence to rehabilitation exercise.26,27,51

Self-reported Pain and Function
Pain and function were measured using the 
Penn Shoulder Score. The painful group showed 

statistically significant improvement in the Penn 
Shoulder Score by a mean of 9.8 points over a three-
week period. A minimal detectable change of 10.7 
points in patients who start with a Penn Shoulder 
Score above 76, has been reported to be clinically 
meaningful35 which is less than one point short of 
change in the current cohort. Similarly, with a dif-
ferent metric measuring shoulder function, De Mey 
et al 16 demonstrated an 18-point improvement on 
the SPADI which resulted from four exercises over 
a six-week period. In three weeks of a single exer-
cise, an approximate ten percent improvement in 
self-reported pain and function was observed. The 
De Mey et al16 study examined the effects of four 
exercises over six weeks, which showed almost 20% 
improvement in self-reported function. The results 
of this current study demonstrate similar trends of 
improvement as the previous study16 and strengthen 
the value of the neuromuscular changes found in 
the painful group with a three-week PHA exercise. It 
appears that neuromuscular changes are also associ-
ated with early patient-centered changes in pain and 
function obtained with a streamlined home exercise 
program consisting of one exercise. This is impor-
tant, because early improvement is a positive pre-
dictor of final outcomes in patients with shoulder 
pain.28 

Rehabilitation faces the constant challenge of ensur-
ing patient exercise adherence. 26,27 Perceived sim-
plicity and short duration of treatment, immediacy 
of benefit, and absence of side effects are known 
factors that increase patient adherence.52 Perform-
ing only one effective exercise confronts these per-
ceived obstacles to adherence and would benefit 
those patients with limited motivation and time. 
During the course of the current study, 17/25 partic-
ipants returned their exercise logs. From the 17 logs 
received, it was determined that the adherence rate 
to the daily exercise was 68%. This is certainly on the 
higher end of reported compliance with home exer-
cise programs as previous studies have found com-
pliance to any or all of the HEP to be 60-75%.26 This 
assumes that individuals who did not return the exer-
cise logs had a similar adherence rate, which is not 
likely. However, there were no differences between 
groups in the proportion who did not return logs in 
our study. Daily PHA exercise offers clinicians the 

Figure 2. Box plot of painful subjects’ microvolts during 
maximal voluntary isometric contraction testing for eleva-
tion, abduction, and prone elevation.
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opportunity to prescribe an intervention that may 
be performed without specialized equipment while 
also promoting functional and strength gains that 
match patient concerns. 

A statistically significant difference was not obtained 
for the painful group in all outcomes measured 
in this study. Strong trends of improvement were 
observed in those that were not statistically signifi-
cant in the painful cohort. This provides further evi-
dence that a streamlined, efficient, home exercise 
program may improve neuromuscular impairments, 
self-reported function and reduce pain in individu-
als with mild rotator cuff related shoulder pain that 
were not actively seeking treatment. Prior studies 
have demonstrated higher adherence with a home 
exercise program when the program consists of 
fewer exercises in a military population53 (three ver-
sus six exercises) and with an elderly population54 
(two compared to eight exercises). Currently, there 
is no evidence on the dosing necessary to achieve 
patient outcomes in patients with rotator cuff related 
shoulder pain. While the current pilot study results 
suggest a single exercise may result in neuromuscu-
lar changes with a home program in patients with 
mild pain and functional loss in three weeks, an 
adequately powered larger study of patients seeking 
rehabilitation is warranted. 

There are limitations due to the nature of this pilot 
study case-control design. The study had a small 
sample of convenience, limiting the generalizability 
of the conclusions. The small sample also limited 
the authors’ ability to perform any planned sub-
group analysis of adherent versus non-adherent par-
ticipants. With a small sample size, the study results 
may also be influenced by a type II error. While sta-
tistically significant changes were not demonstrated 
in all of the outcome measures, trends were found in 
most of the other non-significant outcomes. Results 
certainly provide evidence of feasibility that neuro-
muscular adaptations may occur with a single exer-
cise in three weeks in individuals with rotator cuff 
related shoulder pain and justification for future 
study with larger sample size. The authors did not 
assess whether participants were participating in a 
strengthening program prior to enrollment; how-
ever, individuals were asked to refrain from other 
upper body strength training during the three-week 

period. Participants in the current study with pain-
ful shoulders were mildly impaired as determined 
with the Penn Shoulder Score (77/100) and were not 
actually seeking treatment. Thus this daily three-
week single exercise intervention was not tested on 
patients with painful shoulders seeking care. Result 
of the current study are however, generalizable to a 
younger, physically active population that are expe-
riencing mild symptoms, which further supports 
the use of the PHA exercise in both rehabilitation 
and injury prevention programs for young adult 
athletes.43 

CONCLUSIONS
 To the authors’ knowledge, there is no evidence dem-
onstrating the short-term effects of a single shoulder 
exercise on neuromuscular adaptations, specifically 
muscle activity and strength, as these may relate 
to changes in pain and function in individuals with 
rotator cuff related shoulder pain. Pilot studies are 
necessary to justify larger more costly and poten-
tially burdensome studies in patients, particularly 
when feasibility, or concern for equipoise due to 
treatments prescribed by the clinicians may be a 
challenge. The modest improvements in strength 
and associated decreases in baseline elevated EMG 
amplitudes in individuals with rotator cuff related 
pain in this pilot study substantiates the notion that 
early neural adaptations can occur during the early 
phases (three weeks) of a rehabilitation program 
with a single strengthening exercise performed at 
home.25 Furthermore, these neuromuscular adapta-
tions are associated with significant improvements 
in patient-rated outcomes measured by the Penn 
Shoulder Score. In the time of emerging value-based 
healthcare, clinicians may want consider the poten-
tial for improvements gained by one effective exer-
cise that the patient is likely to perform, rather than 
many exercises that may overwhelm the patient and 
lead to diminished self-efficacy, adherence, and out-
comes. This study provides evidence that a single 
exercise of PHA may be a viable treatment option 
in the short-term in individuals with mild pain and 
functional loss due to rotator cuff related shoulder 
pain, precipitating neuromuscular adaptations that 
carry over into a functional overhead lifting task. 
Future trials should consider comparison of neuro-
muscular control and patient related outcomes as 
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it relates to exercise dosage at several time points 
during a course of rehabilitation to identify a typi-
cal recovery trajectory. Additionally, other factors 
including genetic or psychosocial phenotypes that 
may or may not respond to a streamlined home pro-
gram may impact study results warranting further 
study. 
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ABSTRACT
Background: Overuse injuries are common in volleyball; however, few studies exist that quantify the workload of a volleyball athlete in 
a season. The relationship between workload and shoulder injury has not been extensively studied in women’s collegiate volleyball 
athletes. 

Hypothesis/Purpose: This study aims to quantify shoulder workloads by counting overhead swings during practice and matches. The pur-
pose of the current study is to provide a complete depiction of typical overhead swings, serves, and hits, which occur in both practices and 
matches. The primary hypothesis was that significantly more swings will occur in practices compared to matches. The secondary hypothesis 
was that greater swing volume and greater musculoskeletal injury frequency will occur in the pre-season than during the season. 

Study Design: Prospective cohort 

Methods: Researchers observed practice and match videos and counted overhead serves and attacks of 19 women’s collegiate volleyball 
players for two seasons. Serves, overhead hits, and total swings (serves + hits) were the dependent variables; event (matches and practice) 
along with position (defensive specialists, setter, outside hitter, and middle blocker) were the independent variables. Musculoskeletal 
injury frequency and swing volume workload were compared across pre-season and competitive season time periods. 

Results: Across all positions except outside hitters twice as many total swings occurred in practices compared to matches (p=.002) result-
ing in an average of 19 (CI95 16.5, 21.5) more swings in practice than in matches. The average number of total swings during the pre-season 
47.1 (CI95 44.1, 50.1) was significantly greater than average swings per session during the competitive season 37.7 (CI95 36.4, 38.9) (p 
<0.001) resulting in a mean difference of 9.4 (CI95 6.1, 12.7) swings. The number of athletes limited in participation or out due to a mus-
culoskeletal injury during the pre-season (2.9%) was greater than during the season (1.1%) (p=0.042). 

Conclusion: These findings support the primary hypothesis that women’s collegiate volleyball athletes swing more during practices than 
in matches. The higher average number of serves in the pre-season and the greater frequency of musculoskeletal injuries requiring partici-
pation restriction or removal from participation suggest that a concordant relationship may exist between workload and injury variables. 

Level of Evidence: 2 

Keywords: Attack, overuse, shoulder, volume, volleyball serve
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INTRODUCTION
It is estimated that over thirteen thousand female 
athletes participate in volleyball at the collegiate 
level.1 Musculoskeletal injuries result in significant 
time loss and limitations for these athletes.2-4 The 
overall injury rates for volleyball have been calcu-
lated as 4.58 per 1000 hours of matches played and 
4.10 per 1000 hours of practice.1 The overall injury 
rate for women’s volleyball athletes is 7.48 per 1000 
athlete exposures.5 The top three most common mus-
culoskeletal injuries reported in women’s collegiate 
volleyball are ankle sprains, knee internal derange-
ments, and shoulder muscle-tendon strains.1,5

The overuse injury incidence rate for volleyball has 
been estimated at 0.6 per 1000 hours of participa-
tion.4 This is an underestimate because overuse 
injuries are often under-reported due to most stud-
ies defining injuries as events involving time loss.6 
Baugh et al. calculated the non-time-loss injury rate 
in collegiate women’s volleyball as 4.24 per 1000 
athletic exposures.5 Previous research indicates that 
shoulder overuse injuries account for 16-32% of all 
volleyball overuse injuries.4,7 Even athletes who are 
not experiencing time loss may be experiencing lim-
itations. In a survey of 2,352 volleyball athletes, 46% 
reported shoulder pain interfered with their ability 
to play.2 Seventy-seven percent of 30 surveyed vol-
leyball attackers reported that their shoulder pain 
limited where they could place the attack shot on 
the court.3 

The pitching motion used in baseball is well docu-
mented to contribute to overuse injuries when per-
formed in excess.8-10 The overhead swing motion 
utilized by volleyball athletes to attack and serve the 
ball is thought to have a similar relationship to injury 
because of biomechanical similarities to the base-
ball pitching motion.11-15 Both the baseball pitch and 
volleyball swing place high demands on shoulder 
musculature.11 Maximal internal rotation velocity is 
similar between the two motions with baseball play-
ers reaching velocities between 6000-7000°/sec com-
pared to volleyball swings reaching 4520±1020°/
sec.12,15 Maximal internal torques during volleyball 
serve (40Nm) are approximately two-thirds that of 
pitching (67Nm).12,14 If these mechanical demands 
are part of the cause of the high incidence of shoul-
der injuries in baseball and volleyball, the volumes 

of overhead arm swings may be another aspect of 
this explanation. 

The concept of overuse injuries requires that first 
typical use must be defined. In youth baseball, 
research has demonstrated that pitching volumes 
exceeding 75 pitches in a single game increase the 
risk of injury to the upper extremity.9 While the 
mechanics of the volleyball swing are known to 
be comparable to those of a baseball pitching, the 
volumes of volleyball swings, have not been exten-
sively studied. 

Two previous studies have examined swing volume 
in volleyball athletes. Hurd et al. 16 counted the num-
ber of swings that occurred over the course of seven 
seasons using match statistics from a single Division 
I collegiate women’s volleyball team. The number 
of swings varied by position but ranged between 5-7 
swings per game per player. Mayers et al., 17 esti-
mated the total number of attacks and serves per-
formed by an entire team during a match to be 
approximately 200 overhead swings using match sta-
tistics from multiple collegiate teams. Mayers et al. 
17 also estimated practice volumes collected during a 
single practice session. While these studies provide 
insight into the number of swings volleyball players 
are exposed to over the course of a season, they are 
primarily based primarily on match statistics and do 
not track musculoskeletal injuries. Further, a single 
practice to estimate what happens over the course of 
a season is unlikely to provide an adequate estimate 
of practice hit and serve volumes. 

Therefore, to better understand the typical volume 
of overhead swings and injuries reported over the 
course of a volleyball season, a two-year prospec-
tive cohort study to record these events during both 
practices and matches in a single Division I colle-
giate women’s volleyball team was performed. The 
purpose of the current study is to provide a com-
plete depiction of typical overhead swings, serves, 
and hits, which occur in both practices and matches. 
The primary hypothesis was that significantly 
more swings would occur in practices compared to 
matches. The secondary hypothesis was that greater 
swing volume and greater shoulder related muscu-
loskeletal injury frequency would occur in the pre-
season than the season. A consistent occurrence or 
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concordant behavior between these two variables 
may suggest they could be related. 

METHODS

Participants
Each participant read and signed a university IRB 
approved consent form prior to data collection. 
Inclusion criteria for this study consisted of being 
a member of the University of Kentucky Division 
I women’s volleyball team. No participant asked to 
be excluded from the study; therefore, we collected 
swing and serve counts from 19 athletes over a two-
year window. Seven players were outside hitters, 
four were middle blockers, five were defensive spe-
cialists, and three were setters. Eight of the 19 ath-
letes participated in both years of data collection. 
Participants were 19±1 years old, 1.8±.08m tall and 
weighed 73.47±9.43kg. 

Data Collection
Each participant’s position, number of hits, number 
of serves, and participation status were recorded 
daily for two seasons. Data were collected from 
practices and matches during the fall 2014 and 2015 
seasons. Participant position was determined using 
the team’s online roster. Researchers attended or 
watched a digital video of practices and matches and 
counted each time every player hit or served the 
ball. Warm-up prior to matches were included in this 
study. The number of total swings was calculated by 
summing the hit and serve values. 

A serve was recorded any time a participant initiated 
play by hitting the ball using an overhead motion 
from the end-line. A hit was recorded any other time 
a participant used a forceful overhead arm swing 
attempting to move the ball over the net; in previous 
studies, hits have been defined as “attacks” or spikes” 
but are the same arm motion that is described as hits 
in this study. The sum of hits and serves was also 
recorded and was labeled “swings.” The researcher’s 
reliability for counting each type of overhead swing 
was assessed by watching five of the recorded events 
a second time. The counts from this second trial 
were compared to the same events counts recorded 
during the data collection period to determine the 
intraclass correlation coefficient (ICC). Serve ICC 
was .998 (CI95 .996, .999) with a standard error of 

measurement = 0.52, hit ICC was .986 (CI95 .977, 
.991) with a standard error of measurement = 1.64, 
and total swings ICC was .989 (CI95 .982, .993) with a 
standard error of measurement = 1.80.

Volleyball activities were documented daily. Volley-
ball activities included matches, practices, and off-
days. A match event was identified when the team 
participated in match competition. A match included 
all of the sets played in a single match. Practice was 
recorded when the team completed a mandatory, 
full-team practice. Rest-day was recorded any time 
when there was no practice or match. On some 
days, two volleyball activities would occur, either 
two practices, two matches, or practice and match. 
During each volleyball activity, the serve and hit 
data were recorded separately by player and event. 
Matches were accounted for using the team’s sched-
ule. All other days were counted as practices unless 
the staff athletic trainer indicated it was a rest day. 

The athlete’s injury status was recorded by the 
team’s certified athletic trainer for every event. 
Standard practice was to categorize injury status into 
four conditions: full participation, full participation 
but athlete reported some issue was occurring, lim-
ited participation due to injury, no participation due 
to injury. These four categories were further col-
lapsed into two categories: full participation (com-
bined the two full categories) or limited participation 
(combined limited and no participation categories) 
for statistical analysis of shoulder related injuries. 
Event and participation status were confirmed by 
the team’s athletic trainer to assure the data was 
accurately recorded. An attempt was made to cap-
ture all events, but this was not always possible due 
to practice times being changed, video recording not 
available, and the research team member not avail-
able to capture data. 

Data Analysis
The volume of serves, attacks, and swings for the 
two seasons were the dependent measures and aver-
aged for the two independent variables of events and 
position. Event had two levels: practice and matches. 
Position had four levels: middle blocker, outside hit-
ter, defensive specialist, and setter. Three separate 
4x2 univariate ANOVAs were completed, one for 
each dependent variable. Significance value was set 
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at p ≤ 0.05. Bonferroni post-hoc analysis compared 
pairwise differences between dependent variables 
with significance set at p <0.05 when appropriate. 
Data were analyzed using SPSS version 22 (IBM, 
Armonk, NY).

To investigate the relationship between musculoskel-
etal injuries and swing volume the following steps 
were undertaken. First, average swings per session 
were used for statistical analysis as it summed both 
hits and serves into one value that was averaged 
across all positions. The season was broken up into 
two components; pre-season and competitive sea-
son. Pre-season accounted for two weeks of practice 
for both years and included all practices and inter-
squad scrimmages prior to competitions against 
other teams. The season averaged 17 weeks for both 
years and included all practices, non-conference, 
conference, and tournament competitions. Next, 
a one way ANOVA was performed to determine if 
the mean number of swings per session was differ-
ent between the pre-season and the season. Next, 
a Pearson Chi-Square test was used to determine 
if the proportion of shoulder injury status differed 
between seasons. Injury status was defined as full 
participation (full participation + full participation 
but athlete reported some issue was occurring) or 
limited participation (limited participation due to 
injury + no participation due to injury). Season had 
two levels pre-season or season. All analysis was set 
with significance set at p <0.05 using JMP version 
12, SAS Institute, Cary, NC.

Results
Researchers captured data from approximately 75% 
of all volleyball activities across two seasons (Table 
1). Practice events make up the majority of these 
missed events due to scheduling changes and con-
flicts between members of the research team avail-
able to collect the video recording of the practice. 
These missed practices occurred throughout the 
year missing 1-2 practices per week with the high-
est number of missing occurring in the early part of 
the first year due to scheduling conflicts. Excluding 
off-days and non-shoulder injuries, 222 volleyball 
activities occurred during the study period; 65 (29%) 
activities were matches, and 157 (71%) activities 
were practices accounting for a total of 2098 athletic 

exposures. The duration of matches averaged 110 ± 
27 minutes which was similar to practice (121 ± 37 
minutes) supporting that average data could be com-
pared statistically without risk of duration bias. 

Descriptive statistics for serves by event and position 
are presented as means and standard deviations in 
Table 2. An ANOVA for serves revealed no significant 
interaction for events by position (p=0.13) There 
was a main effect for event, indicating on average, 
more serves occurred during practice 23 (CI95 22, 
24) than during matches 10 (CI95 9, 11) regardless of 
player position (p < 0.001). The ANOVA for serves 
also revealed a main effect for position (p < 0.001), 
Bonferroni post-hoc analysis revealed that middle 
blockers serve less than all other positions and that 
outside hitters’ served less than defensive specialists 
regardless of the event. (Figure 1). 

Descriptive statistics for hits are presented as means 
and standard deviations by position and event in 
Table 2. An ANOVA for hits resulted in an interac-
tion for event by position (p<0.01). Bonferroni post-
hoc analysis revealed that setters, middle blockers, 
and defensive specialists performed significantly 
more hits during practice than during matches. Only 
outside hitters performed the same number of over-
head hits in matches as in practice. (Figure 2). 

Table 1. Number of Events by Type.

Table 2. Descriptive Statistics for Position by Event.
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Descriptive statistics for swings (serves + hits) are 
presented as means and standard deviations by 
position and event in Table 2. The ANOVA model 
resulted in interaction for the event by position 
(p=.002). Bonferroni post-hoc analyses identified 

that in each position an average of 19 more swings 
occurred in practice compared to matches. (p<.01, 
Figure 3). The volleyball players averaged nearly 
twice as many swings in practice as in matches. 

Pre-season average swings per session 47.1 (CI95 
44.1, 50.1) was significantly greater than average 
swings per session during the competitive season 
37.7 (CI95 36.4, 38.9) (p <0.001) resulting in a mean 
difference of 9.4 (CI95 6.1, 12.7) swings. There were 
2098 total athletic exposures across both pre-season 
and season for the two years. The certified athletic 
trainer recorded 36 exposures in which the players 
were either limited or not able to participate due to 
a shoulder related musculoskeletal injury for the 
entire season. The Chi-square test for independence 
revealed that the proportion of injury status differed 
significantly between pre-season and competitive 
season (p < 0.027) with a significantly greater prob-
ability of being in the limited participation category 
during the pre-season (2.9%) than during the season 
(1.1%) (Table 3). 

DISCUSSION
The primary purpose of this study was to provide 
a comprehensive understanding of collegiate wom-
en’s volleyball players’ workload by quantifying the 
number of swings performed in a season. Particular 

Figure 1. Represents the main effect comparisons of serves 
across all positions demonstrating that middle blockers served 
the least. Error bars represent 95% confi dence intervals.

Figure 2. Represent the post-hoc analysis of the interaction 
between practice and matches. This graph illustrates average 
volume of hits, comparing practice to match by position. All 
positions perform more hits in practice than in matches except 
for outside hitters. Error bars represent 95% confi dence inter-
vals.
* Indicates a signifi cant difference in average hits between 
events (p < 0.001)
† Indicates a signifi cant difference in average hits between 
events (p = 0.02)

Figure 3. Represents the interaction between practices and 
games, demonstrating a greater number of swings (swings 
represents hits plus serves) occur in practices than in matches 
for all positions, Error bars represent 95% confi dence 
 intervals.
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attention was given to practice swing volume, as it 
has not been previously recorded in this level of 
detail. The frequency of time loss and non-time loss 
injuries was greater during the pre-season over the 
regular competitive season which follows a concor-
dant pattern of total swing volume being greater in 
the pre-season than the competitive season. These 
findings bring attention to a characteristic pattern 
of two variables that have been found to be related 
in other studies, but this study design does not allow 
a direct relationship between cause and effect to be 
determined. 

The results revealed that significantly more swings 
occur in practice than in matches. Match swing 
volumes from the current study agree with match 
volumes previously reported in the literature.16 The 
current study agrees with previous research that 
during a typical match, overhead swing volume will 
range between 20-40 swings per match dependent on 
position. The current study supports the volume of 

serves and hits recommended in the interval hitting 
program developed by Hurd et al.16 Although this 
interval program was developed using only match 
counts, the values utilized in the program align rea-
sonably well with the current study’s findings when 
taking into consideration the total number of over-
head motions, both serves and hits combined. There 
was about a 10 swing difference which is primarily 
accounted for by the current study using practice 
data to compare to Hurd’s match data. In the cur-
rent study, there was an observed difference of 19 
more swings in practice compared to matches which 
likely accounts for the differences. The direct com-
parison for outside hitters revealed 19 hits in Hurd’s 
interval program compared to the current study 
but this offset as 28 more serves were recorded in 
the current study resulting in only nine total swing 
differences. The return to play protocol would still 
sufficiently prepare athletes for returning safely to 
both practice and match demands (Table 4). These 
two studies were completed on different teams with 

Table 3. Proportion of Injury Status (Full or Limited Participation) by Season.

Table 4. Comparison of Return Progression to Average Practice Volumes.
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different coaches and years apart from each other 
but yielded similar results suggesting that these are 
relatively consistent swing volumes for women’s 
collegiate volleyball. 

The total seasonal volume of hits and serves were 
higher in the current study compared to previous val-
ues reported by Mayers.17 They reported an average of 
4,346 ± 585 hits and 2,824 ± 468 serves that occurred 
during matches in a typical 12 week season.17 These 
data were accumulated across all positions. Analysis 
of the current study’s data across all positions aver-
aged across the two seasons revealed 1500 more hits 
and 670 serves than previously reported. The differ-
ing values may be due to coaching and playing styles 
or season length; it is most likely due to the method 
of data collection used in each study. The current 
study involved a researcher counting the number 
of overhead swings while the previous study used 
match statistic estimates to determine the number of 
overhead swings. The current study contributes new 
knowledge that a women’s collegiate athlete will per-
form 35-50 swings per practice dependent on position 
during a typical 30 + match season.

The second aim of the current study was to inves-
tigate the potential relationship between swing vol-
ume and shoulder related musculoskeletal injuries. 
Although the current study is limited to a single 
team over two seasons, there appears to be a pat-
tern and potential relationship between swing vol-
ume and musculoskeletal injury status with a higher 
proportion of reported injury, limited participation 
or complete removal from participation occur-
ring in the pre-season during the first two weeks of 
both seasons. These findings agree with previous 
research; Baugh et al.,5 reported the injury rate dur-
ing women’s volleyball pre-season was nearly dou-
ble the regular season injury rate (10.43 vs. 5.99 per 
1000 athletic exposures). These findings need to be 
brought to coaches’ attention mainly due to the high 
incidence of reported shoulder pain in volleyball 
players.3,7,16 Cause and effect cannot be established 
with a single study; however, the high pre-season 
swing volume may be a contributing factor to the 
pre-season injury incidence. 

In order to further investigate the relationship 
between season and injury, a Chi-Square analysis 

was performed. A Chi-Square analysis tests the inde-
pendence of the variables, in this study these were 
two categorical variables season and injury status. 
In this study, the statistical analysis compared the 
proportion of injury status across the two compo-
nents of the season. The results indicated that these 
two variables are not independent, as there was a 
significant finding indicating that the two variables 
had some dependence on each other. It is impor-
tant to remember that this analysis does not enable 
the research to determine cause and effect. The 
data indicates that there are proportionally more 
reported injuries during the pre-season than dur-
ing the competitive season. Further, athletes com-
pleted an average number of 47 swings (serves + 
hits) in the pre-season compared to 37 swings during 
the regular competitive season. This would suggest 
that the workload on the athlete was higher in the 
pre-season. The large volume of practices occurring 
during the pre-season likely accounts for the high 
average swing volume. These data would suggest 
that there appears to be some type of relationship 
between swing volume and reported musculoskel-
etal injury but cannot establish a true relationship. 
This study was undertaken to investigate the poten-
tial that the relationship exists. It provides pre-
liminary evidence that a more extensive research 
project should be undertaken to determine if a true 
relationship between swing volume and injury sta-
tus are related in collegiate volleyball as has been 
done in youth baseball.8-10,18

Similar patterns of workload and injuries have been 
noted in rugby where the workload was measured in 
the distance covered via GPS systems.19,20 Studies of 
workloads in rugby have shown that reducing pre-
season training volumes resulted in reduced injury 
rates while still adequately preparing athletes for 
the demand of a season.21 While the demands of vol-
leyball and rugby are very different, it may be use-
ful to examine reducing pre-season swing volumes 
to see if there is a reduction in injury. 

The current study is unique because arm swings 
were visually counted during practices and matches 
rather than gathered only from matches or esti-
mated from a single practice observation. Utilizing 
the team’s athletic trainer to track both time-loss and 
non-time-loss injuries add clinical relevance to this 
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study. Overuse injuries can be debilitating and lead 
to time loss injuries4,7 but are more commonly man-
aged by modifying activities or limiting drills rather 
than removing the athlete from play. The nearly 2% 
increase proportion of players participating as lim-
ited status during the pre-season compared to the 
season may be a result of workload or potentially 
the single athletic trainer protecting the athlete for 
the upcoming season. Since only one team was used 
in this study, the external validity is limited. How-
ever, high workload volumes in overhead sports 
have been observed to result in greater likelihood 
of upper extremity overuse injuries when acute 
increases in workload occurred.22,23 This is what was 
observed in the current study, during pre-season 
volleyball training. 

Volleyball is one sport where the injury rate in prac-
tice is nearly the same as it is in competitions.1 How-
ever, the swing workload volumes occurring during 
practice are rarely taken into consideration when 
accounting for overhead motions and could explain 
the practice injury rate to approach the match injury 
rate. This study was unique, as swing volume dur-
ing practice was included and revealed that across 
nearly all positions double the number of swings 
were occurring during practice. As practices and 
matches both averaged two hours long this increase 
in volume is not accounted for with an increase in 
time. The additional focus on practice data in the 
current study was critical to capture an accurate 
assessment of overhead motions occurring to colle-
giate volleyball athletes. 

LIMITATIONS
The present study has limitations. Only one NCAA 
Division I team was observed in this study; there-
fore, the results may not apply to teams at other 
levels due to different coaching and playing styles. 
However, the swing volumes were similar to those 
collected from another Division I team. Research-
ers made every attempt to record all events over 
the course of the season, but 25% of events were 
unable to be recorded, which were primarily prac-
tices. The missing events does not have a substantial 
impact on the results as the data was averaged on 
112 out of 154 potential practices over the course of 
two years were recorded in this data set. However, 

to the authors’ knowledge, the current study rep-
resents the most complete swing volume estimate 
to date. The decision to limit or allow full partici-
pation was based on a single athletic trainer which 
may bias the result of this study on one team and 
potentially limit the external validity of this study. 
The dependence between season and injury status 
only suggest a relationship may exist between the 
increased workload during the pre-season and com-
petitive season. A more extensive study examining 
the direct relationship between swing volume and 
injury history that incorporates a variety of coaching 
styles would be necessary to establish if a relation-
ship exists between swing volume and musculoskel-
etal injury occurrence. 

CONCLUSIONS
Women volleyball athletes perform approximately 
twice as many overhead swings in practices than in 
matches. Coaches and health care providers need to 
consider swing volume beyond those occurring dur-
ing matches as this underestimates actual swing vol-
ume for an athlete. The volume found in this study 
can be considered the best estimate to date of over-
head swing volume in Division I collegiate women’s 
volleyball teams. There appears to be a proportion-
ally higher volume of non-time loss injuries during 
the pre-season. Coaches and health care providers 
can potentially use this finding to coordinate their 
training volume better to potentially reduce mus-
culoskeletal injuries. Further research is needed to 
examine if overtraining causes injury. 
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ABSTRACT
Background: Excessive baseball pitch volume has been associated with increased risk of injury in adolescents. How-
ever, many collegiate athletes report non-time loss injuries over the course of the season. It is unknown how pitch 
volume throughout a collegiate baseball season affects arm soreness. 

Purpose: The primary purpose of this study was to determine the relationship between pitch volume and self-
reported arm soreness. A secondary purpose was to determine the relationship between change in pitch volume and 
change in arm soreness over the course of the season for collegiate baseball pitchers. 

Study Design: Prospective Cohort

Methods: Seven collegiate baseball pitchers volunteered to participate in a yearlong prospective study. The seven 
pitchers reported daily pitch volume and level of soreness from the fall through spring collegiate baseball season dur-
ing practices and games. The athletic trainer, a member of the research team, tracked athletic exposures and injuries 
for the entire season. Frequency counts of athletic exposures were categorized by game, practice, conditioning and 
injury status. Frequency counts of pitch volume was categorized by game, game bullpen, practice bullpen, flat ground, 
long toss and warm-up pitches. The pitch volume and soreness levels for each athlete were used to determine the 
relationship between these two variables using a Pearson correlation. 

Results: The seven pitchers were involved with 1,256 athletic exposures and a total of 54,151 throws, averaging 7,735 
throws per player for the entire season. The pitch volume and self-reported arm soreness for the entire season 
revealed a correlation of r = .72 (p = .004). The relationship between change in pitch volume and change in arm 
soreness was r = .635 (p = .001) over the season.

Conclusion: There was a moderate significant correlation between arm soreness and pitch volume across the whole 
season. This relationship was maintained when evaluating weekly changes. 

Level of Evidence: 4

Keywords: acute workload, non-time loss injury, overhead throwing, pitch counts
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INTRODUCTION 
The incidence of injury in college baseball practices 
and games is 1.85 injuries/1000 athlete-exposures 
and 5.78 injuries/1000 athlete-exposures, respec-
tively.1 Self-reported episodes of pain are quite fre-
quent in baseball.2 In a youth baseball survey, nearly 
50% of pitchers over the course of a season reported 
shoulder or elbow pain.2 The majority (70%) of 
these complaints were recorded as mild, defined as 
pain in the elbow or shoulder joint without loss of 
league-sanctioned games or practice time.2 A recent 
report stated that of all injuries reported to an ath-
letic trainer in collegiate baseball 59.1% are non-
time loss injuries.3 Muscular soreness and pain are 
often associated with these “non-time loss injuries.” 

The relationship between pitch volume and upper 
extremity injury has been established for adolescent 
pitchers focusing on time-loss injuries.2,4 Time-loss 
injuries are defined as any injury requiring removal 
from the current session, missing a day of practice 
or competition which may require physician referral 
or diagnostic procedures.5-7 However, baseball pitch-
ers also experience injuries which do not result in 
time-loss. These injuries are classified as “non-timel 
loss injuries” and are defined as any injury evalu-
ated by the athletic trainer that did not necessitate 
removal from game or practice but required inter-
vention or practice modification.7

A report of discomfort or soreness from athletic 
activity is a physiological response from exercises or 
may indicate a subclinical adaptation of an injury 
that is occurring. An excessive amount of sore-
ness from physical activity is termed delayed onset 
muscle soreness.8 Studies have suggested that sore-
ness is also a moderate indicator of a level of fatigue 
and developing overload on the musculotendinous 
tissue.9 Recently, attention has focused on acute 
changes in workload can increase the likelihood of 
an injury.9 To date, the relative change in throwing 
volume to arm soreness in collegiate baseball play-
ers has not been reported. Therefore, this study 
evaluated if the level of soreness was related to 
throwing volume in collegiate pitchers. The primary 
purpose of this study was to determine the relation-
ship between pitch volume and self-reported arm 
soreness. A secondary purpose was to determine 
the relationship between change in pitch volume 

and change in arm soreness over the course of the 
season for collegiate baseball pitchers.

METHODS 

Participants
The study was a longitudinal observational study 
carried out over the fall and spring season of 2009-
2010. The participants consisted of seven division 
I collegiate baseball pitchers from a single team in 
the Southeastern Conference. Participants were on 
average 20 ± 1 years old, weighed 90 ± 8.6 kg, and 
height 191 ± 7 cm. Two of these pitchers are cat-
egorized as starters, and five of these pitchers are 
categorized as relievers determined by their coach-
ing staff for the spring season of 2010. One of the 
pitchers did not join the study until week two of 
the fall season. Inclusion criteria consisted of being 
a collegiate baseball pitcher for the University of 
Kentucky. The only exclusion criterion was if the 
athlete was injured and unable to participate at the 
beginning of the study. All testing and data collec-
tion were performed in a collegiate athletic training 
room. All participants volunteered for this study and 
signed approved informed consent forms (UK IRB 
#09-0545) before commencement.

Exposures
Three key variables were collected in this study: 
athletic exposure, self-reported soreness and self-
reported pitch count. The pitcher’s exposure was cat-
egorized into one of six categories based on what the 
individual athlete and team did for each day through 
the fall and spring seasons. “Injured-out” category 
indicated that athlete was unable to participate due 
to an injury or illness. “Injured-conditioning” indi-
cating that the athlete could condition but not par-
ticipate in practice or game. “Injured-practice only” 
indicates that the athlete was modified during prac-
tice due to an injury or illness. “Conditioning only” 
indicates that the team was only conditioning that 
day, but the athlete was able to participate in all con-
ditioning activities. “Days off” indicate days of man-
datory rest or recommended by the coaching staff. 
“Practice” indicated team practices that the athlete 
performed fully. During the fall season, a “Game” 
exposure was an inter-squad scrimmage and during 
the spring indicated a competition during an oppos-
ing team. The fall season consisted of 13 weeks and 
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the spring season consisted of 20 weeks. The winter 
break between semesters was not included in this 
data.

Soreness
Soreness was recorded by the athlete using a 0-10 
numeric rating scale comparable to a pain scale at 
the end of the practice or workout on a numeric scale 
with 0=no soreness and 10 = to constant soreness 
in the arm that affects sleep.10,11 There were three 
contextual levels of soreness that were reported: 
soreness at rest, soreness with baseball activity and 
soreness with non-baseball activity. Daily soreness 
was totaled from the three questions and recorded 
into the excel database for each athlete individually. 
Soreness can arise from any source such as, bone, 
ligament, fascia or muscle which can potentially 
reduce muscle function.8 Previous research has dem-
onstrated that elevated plasma creatine kinase (CK) 
levels are related to muscle damage. Recent studies 
have shown that as creatine kinase increases due to 
activity, muscle soreness and fatigue increases that 
can directly affect performance.12 

Pitch Volume
To acquire pitch volume data during practice, each 
participant provided estimated pitch counts for each 
category of throwing activity. Pitch counts were 
divided into six different throwing activities: catch, 
long toss, flat ground, practice bullpen (on practice 
days), game bullpen (game day bullpen pitches), 
and game pitching. Catch was typically performed 
at 30-50% intensity at a distance of approximately 
70 feet apart. Long toss was greater intensity at dis-
tances ranging from 120-150 feet with the inten-
tion to get the ball to the partner on the fly or on 
one hop. Flat ground pitching intensity varied at a 
distance of 60 feet. Bullpen during practice focus 
varied based on the day and athlete based on coach-
ing instructions but was performed on a pitching 
mound. At the end of every day on the same sheet of 
paper the athlete recorded soreness, they estimated 
their pitch volume for each activity. The data were 
entered into an excel spreadsheet for each athlete 
each day. Game day bullpen followed the typical for-
mat to prepare the athlete to pitch in the game. The 
coaching staff and team recorded game and bull-
pen pitches as part of the typical records kept. This 

data was not estimated by the athlete, but recorded 
directly from the team records into the excel data-
base. This data was collected daily using a simple 
paper data collection form which each participant 
completed immediately after each practice or game. 
Pilot testing revealed that athletes were within 
approximately 15% of their estimated values when 
compared to actual counts made by the research 
team. Self-reporting pitching volume is a limitation 
of the study but was the only way available at the 
time of the study to capture pitch volume. 

Statistical Analysis 
Athletic exposures were summed for all pitchers 
for each category described above with counts and 
percentages calculated for fall, spring and total sea-
son. Pitch counts for all pitchers for each type were 
summed with counts and percentages calculated for 
fall, spring, and total season. The total pitches and 
total soreness for each player for the entire season 
were used to determine the relationship between 
pitch count total volume and total soreness. Three 
separate correlations were performed for the fall, 
spring and total season to determine the degree of 
relationship between pitch volume and soreness. 

Measuring workloads on an athlete can occur by 
monitoring external workload such as distance run-
ning or in this study pitch volume. Internal work-
load can be assessed by monitoring physiological or 
psychological stressors such as heart rate or rating 
of perceived exertion.13 Integrating these two mea-
sures of workload is often recommended to monitor 
changes in workload to assess the likelihood of injury 
in sports.13,14 However, external workload alone has 
been used to predict future injuries.15,16 It was not 
the intention of this study to predict injury but to 
determine how external workload of pitch volume 
during practice and games effect shoulder soreness. 
The weekly pitch volume and soreness volume had 
to be determined. The total pitches thrown by an 
individual pitcher for each week were determined 
by summing pitch volumes by week. Soreness scores 
were summed together from the three questions for 
each week for each player. For example, if an athlete 
reported a score of 2 for soreness at rest, a score of 5 
soreness with baseball activity and a score of 3 sore-
ness with non-baseball activity his total score for a 
day would 10 out of 30. The individual player’s daily 
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pitch counts and soreness scores were summed 
together to create a total number of pitches and sore-
ness for each week. One of the pitchers did not start 
recording data until week three of the fall season. 
Therefore, the change scores for all subjects did not 
include the first two weeks of the fall season. The 
acute to chronic workload ratio of 1:4 has been used 
previously to investigate the relationship between 
external workload and increased risk of injury.13 
However, due to the relatively short fall season, the 
ratio 1:3 was used to investigate how a change in 
pitch volume correlated with change in soreness 
reported by the athletes. The acute to chronic exter-
nal workload of pitch volume is calculated by divid-
ing the current week pitch count volume (e.g., 300) 
divided by the average of the three previous weeks 
pitch volume (e.g., 150, 200, 250 equals an average 
of 200). This example would result in an equation of 
300/200 = 1.5 acute to chronic pitch volume work-
load. A value greater than 1.0 indicates an increase 
in the acute workload of pitch counts. This is con-
sidered a negative training balance as the previous 
chronic training volume is below the acute workload 
for the current week. A value less than 1 indicated 
a decrease in acute workload indicating a positive 
training balance as the previous chronic training 
volume is above the acute workload for the current 
week.14 A value of 1 indicates workload for the week 
remained the same as the average of the previous 
three weeks. A negative training balance has been 
associated with an increased risk of injury in cricket 
players.14 The acute to chronic external workload 

calculation was repeated for each subsequent week 
for the fall season starting in the sixth week as the 
first two weeks were ignored as all subjects were not 
enrolled. This same calculation was performed for 
soreness. In the spring season, the same calcula-
tions were carried out starting in the fourth week of 
the spring season for pitch count and soreness. 

RESULTS  

Exposures
Athletic exposures by category are detailed in Table 1. 
The frequency counts of athletic exposures revealed 
that the majority of the exposures occur during prac-
tice regardless of the season accounting for 43% of 
the exposures. Days off or rest days accounted for the 
second most prevalent exposure which is mandated 
by the rules of college baseball. Sixty-four days or 
4% of the total 1653 athletic exposures were missed 
practices or games. The non-time loss categories in 
which athletes were modified in practice or partici-
pating in conditioning accounted 206 days or 12% of 
the total exposures. The majority of these occurred 
during the fall season when athletes are not in the 
competitive season. During the spring season, only 
12% of the athletic exposures of these seven pitchers 
were during a game situation. (Table 1)

Pitch Volume 
The cumulative pitch volume for the seven pitch-
ers is summed together and presented by type and 
season. (Table 2) There were a total of 54,151 pitches 

Table 1. Exposures during fall, spring and total season by category.
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thrown by the seven participants representing an 
average of 7,735 throws per player for the entire 
college baseball season. Forty-five percent of all the 
pitches thrown were relative low intensity as they 
were in the “catch” category. A particularly interest-
ing finding is that game pitches only accounted for 
12% of all pitches during the spring season. Practice 
bullpen pitches equaled the game pitches during 
the competitive spring season but are usually not 
accounted for in the total volume of pitches thrown. 
Game day bullpens and game pitches during the 
spring season accounted for a total of 7554 across 
the seven pitchers. Bullpen pitches on game day 
accounted for 2961 (39%) of the total pitches thrown 
by these seven athletes. (Table 2) 

Correlations
The pitch count and soreness data were examined 
for normality with a Q-Q plot in SPSS version 22. 
The data were found to be normally distributed and 
were confirmed with a Shapiro-Wilk test (p > 0.169). 
Pearson correlation between total pitch volume and 
soreness for the fall revealed a non-significant cor-
relation of r = -0.16 (R2 = 0.026, p = 0.73, Figure 1). 
The Pearson correlation for the same two variables 
in the spring season revealed a correlation of r = 
0.86 (R2 = 0.75, p = 0.012, Figure 1). When taking 
into account the entire season spanning the fall and 
spring the Pearson correlation between pitch counts 

and soreness was r = .72 (R2 = 0.52, p = .004, Figure 
2). The one week acute to chronic (three-week aver-
age) workload for pitch count and soreness is pre-
sented in Table 3. The Pearson correlation between 
the acute: chronic workload ratio for pitch count and 
soreness was r = 0.64 (R2 = 0.40, p = 0.001)

DISCUSSION 
The primary purpose of this study was to evaluate the 
relationship between pitch volume and self-reported 
arm soreness over the course of a collegiate base-
ball season. Previous literature in adolescent pitch-
ers shows that there is a relationship between pitch 
volume and injury.2 However, this is the first study 
to investigate the relationship between pitch volume 
and shoulder soreness among collegiate baseball 
pitchers. When examining the data for the fall, there 
was not a meaningful correlation between pitch vol-
ume and soreness. This is likely due to the fall being 
the off-season and throwing volume was the lowest 
for the whole year. The lower volume of throwing is 
due to less practice exposures (198/712 = 28%) and 
increased number of days in which athletes were out 
of completion (39/64 = 61%) or on limited partici-
pation (73/88 = 82%). (Table 1) The spring season, 
which is the competitive season accounting for 72% 
of all practices and 75% of games generated a sig-
nificant correlation (r=0.82) between pitch volume 
and soreness. This correlation remained moderately 

Table 2. Total pitch volume for fall, spring, and total season by pitch type.
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strong (r=0.72) when combining the fall and spring 
seasons. It is clear that the spring season is accounting 
for the strong correlation between pitch volume and 
soreness for the entire season is due to the greater 
variability in both pitch volume and soreness levels. 

This moderately strong relationship is not surprising 
based on anecdotal evidence reported by clinicians 

treating these athletes. However, this study demon-
strates that spikes in soreness appear to be moder-
ately related (r=.64) to spikes in pitching volume. 
Recent literature has indicated that over half (59%) 
of baseball injuries are non-time loss.3 Arm soreness 
is a common ailment treated by clinicians. Tracking 
changes in throwing volumes throughout the season 
not just during games may provide valuable insight 

Figure 1. Correlation of pitch counts and soreness for the fall and spring. Gray color represents fall and black color represents 
spring season.

Subject 1  Subject 2  Subject 3  Subject 4  Subject 5   Subject 6  Subject 7

Figure 2. Correlation of between acute:chronic workload for pitch count and soreness for the entire season. Acute represents the 
sum of pitches or total soreness for the current week. Chronic represents the average number of pitches per week or average total 
soreness per week for the previous three weeks. 
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in minimizing arm soreness and may potentially 
reduce overuse injuries. 

In previous youth baseball studies, pitch volume 
has been recorded utilizing pitch count logs, which 
were completed by coaches after each game and 
only reported game pitches.2 This research led to 
a demonstration of high pitch counts exposing ath-
letes to a higher risk of injury and generating pitch 
count limits in youth baseball. In this setting of only 

seven collegiate baseball pitchers, it was not feasi-
ble to investigate the risk of injury. Therefore, this 
study focused on what is commonly managed in the 
athletic training room, which is soreness. Shoulder 
soreness in baseball pitchers is an indication of sub-
clinical adaptation in response to a load placed on 
the shoulder.12 

The external workload of pitching was based on pre-
vious pitch volume research.17 Self-reported daily 

Table 3. The sum of the participant’s pitches and soreness as measured on 0-10 
numeric rating scale for each week during fall and spring season. The on acute (current 
week) to chronic (3-week average) workload ratio for pitch counts and soreness.



The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 104

pitch volume was instituted to limit recall bias and 
was most feasible for this study. These methods 
are similar to previous youth baseball research that 
recorded pitching logs except that in this study both 
practice and game pitch volume was recorded. This is 
more consistent with obtaining continuous workload 
as has been recommended.14 Counting each pitch 
is more accurate, however, in a collegiate baseball 
setting, it was not feasible for the athletic trainer to 
count every single throw for all of the pitchers. Self-
reporting pitch volume and arm soreness allowed the 
researchers to track daily workload and perceived 
soreness without undue burden on the athlete. Based 
on the results these seem to be reasonably useful and 
straightforward indicators of workload on the pitcher 
that are moderately correlated both for the entire 
season and over weekly intervals. Ultimately, the 
goal of future studies would be to use this informa-
tion is to predict and prevent injuries.

Spikes in both external and internal acute workloads 
have increased the risk of injury.14 Acute spikes in 
external workload creating a negative training bal-
ance indicated by an acute to chronic workload was 
found to increase the relative risk of injury in the 
subsequent week (RR=2.1 CI95 1.8 to 2.4). Similarly, 
acute spikes in internal workloads creating a nega-
tive training balance increases the relative risk of 
injury in subsequent week (RR = 2.2 CI 95 1.91 to 
2.5). These results in cricket bowlers suggest that 
either internal or external workloads could be ben-
eficial to track for injury risk.14 

The recent consensus statement on monitoring ath-
letic workloads has suggested that integrating both 
of these measures would be a better representation 
of total workload.13 However, in the current study 
only external workload was measured. Total work-
load integrating internal with the external workload 
of pitch volume may have yielded a stronger cor-
relation to arm soreness. It is apparent that a nega-
tive training stress measured from either internal or 
external workload over the previous training weeks, 
increased the relative risk of injury by two fold as 
63% percent of the cricket bowlers’ injuries occurred 
one week after a negative training balance.14

Negative training stress was observed in two of the 
seven pitchers that led to a time-loss injury within 

two weeks after returning to practice. Although not 
the focus of this study, it was noted that two individ-
ual athletes acute to chronic workload had a nega-
tive training stress that led to a time-loss injury. A 
reliever in the fall was averaging 65 throws a week 
for six weeks and then developed bronchitis, which 
reduced his throws to 54 and 45 for the next two 
weeks, respectively. In the subsequent two weeks, 
he threw an average of 71 pitches, which is a 1.25 
acute to chronic workload change. This indicates 
that he increased his volume by 25% in both weeks 
over the previous three weeks. Midway through the 
second week, he reported elbow pain and was not 
able to participate in the last few weeks of fall ball 
due to elbow pain. A similar scenario occurred in 
the spring to a starting pitcher that developed mono-
nuceleous in the 13th week of the 20-week spring 
season. After two weeks of no throwing in week 
15 he participated in partial practice and threw 115 
throws. Week 16 his volume increased to 401 throws 
resulting in a chronic workload of 39 throws over 
the previous three weeks. The dramatic increase 
in throwing volume was precipitated due to play-
offs approaching. However, this represented a 10 
fold increase in throwing volume (401/39 = 10.3) in 
one week due to the two weeks of negative training 
stress caused by his illness. In week 18 he reported 
shoulder pain to the medical staff, resulting in miss-
ing two full days and was limited on a third day. This 
is the first study to analyze acute to chronic external 
workloads in collegiate baseball players. In cricket, 
fast bowlers who have a high acute workload have 
an increased injury incidence over the next three 
weeks.9 These examples support the need to moni-
tor pitch volume throughout the season. Monitoring 
pitch count during a game only represents 12% of 
the total throws during a collegiate season. 

Pitch counts during a game may not be an adequate 
representation of the workload for college pitchers. 
Game pitch volume for an entire season depends 
on if the player is a starter or reliever. Starters have 
been found to throw 1244 ± 387 and relievers 605 ± 
182 pitches.18 These values are consistent with the 
4,593 game pitches recorded in the current study. 
Averaged over the seven pitchers during the spring 
season this equals 656 pitches. This is consistent as 
five of the seven pitchers were relievers. However, 
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the 4,593 pitches only represents 12% of the total 
workload for the spring season. Over the course 
of the season, 45% of all throws were of relatively 
light intensity classified as “catch”. However, the 
physical demands from flatground, long toss, and 
practice bullpens thrown by these seven pitchers 
which account for 20,283/54,151 (37.4%) pitches 
thrown are typically not taken into consideration 
by coaches and medical staff as measuring volume 
during practice is challenging. Practice pitch volume 
is four times greater than game pitch volume. It is 
clear that these practice volumes are critical to pre-
pare the athlete for the demands of pitching while 
inadequate volume associated with acute spikes can 
lead to muscle soreness and in some cases time-loss 
injuries. 

This study has several limitations that should be 
addressed in future research. One limitation of this 
study is that there is a small sample size. The data 
recorded was only external workloads of seven Divi-
sion 1 collegiate baseball pitchers from the Mid-
west, for one season. Although positive correlations 
were found, future research should enroll a larger 
number of participants, incorporating internal with 
external workload measures and consider other roll-
ing averages to identify the best predictive models 
for both time-loss and non-time loss injuries should 
be investigated. Another limitation is that the pitch 
volume totals are estimations and are not exact pitch 
counts. The recent advances in wearable technology 
will likely improve these estimates dramatically and 
reduce burden on athletes and researchers to moni-
tor number of throws. Other measures of internal 
workload such as perceived exertion beyond sore-
ness should be considered to identify best predictors 
of pitchers at risk for injury. 

CONCLUSIONS
The primary purpose of this study was to examine 
the relationship between pitch volume and self-
reported arm soreness. There was a moderate and 
significant correlation (r =.72) over the course of 
the entire season. As pitch volume and workload 
increased per week, soreness levels increased as 
well. This is relevant because current researchers 
have shown that an increase in workload is associ-
ated with injury and daily soreness is considered 

muscle damage, which can affect muscle function.8 

The secondary purpose was to evaluate the relation-
ship between change in pitch volume and change 
in arm soreness over the course of the season for 
collegiate baseball pitchers. Researchers have shown 
that the greater the workload increases, the larger 
the increase of risk of injury the following week.13 
In this study, there was a significant and moder-
ate correlation (r=.62) between weekly workload 
and soreness. Current literature shows that injury 
risks are not increased immediately after increases 
in workload, however three to four weeks after the 
increased acute load relative to previous weeks of 
training is when injury may occur.9 The monitoring 
of acute and chronic workload can offer valuable 
insight into likelihood of injury.13
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ABSTRACT
Background: The Selective Functional Movement Assessment (SFMA) is a popular assessment tool used to observe 
and detect components of dysfunctional movement patterns. The goal of the assessment is to identify impairments 
throughout the kinetic chain that may be contributing to movement dysfunction and/or pain. 

Hypothesis/Purpose: The purpose of this research was to determine the intra- and inter-rater reliability of the 10 
top-tier movements of the SFMA using the categorical scoring system. It was hypothesized the intra- and inter-rater 
reliability of the SFMA would be acceptable with variations based on the objectivity of the scoring criteria and the 
experience of the rater.

Study Design: Cross-sectional reliability study.

Methods: 25 (17 male, 8 female), physically active participants (age: 21.2±1.6years, height: 177.1±10.7cm, weight: 
74.9±13.9kg) were independently assessed in real time by three clinicians during two separate visits to the lab using 
a standard instructional script. Clinicians had varying levels of experience with the SFMA and the two visits occurred 
a minimum of 48 hours and maximum of seven days apart. Results from each clinician were compared within and 
between raters using the Kappa coefficient and ratings of absolute agreement.

Results: Overall, slight to substantial intra- and inter-rater reliability were observed using the categorical scoring tool, 
although variations existed depending on the movement pattern. Kappa coefficients for intra-rater reliability ranged 
from 0.21-1.00, while % absolute agreement ranged from 0.64-1.00. Inter-rater reliability for the same measures 
ranged from 0.11-0.89 and 0.52-0.96 respectively. Clinicians certified in the SFMA with the greatest amount of experi-
ence using the SFMA demonstrated higher intra-rater reliability. Similarly, higher inter-rater reliability was found 
between certified raters with the most experience. 

Conclusions: Certified SFMA raters with greater amounts of experience can demonstrate adequate intra- and inter-
rater reliability using the categorical scoring method. 

Level of Evidence: 2, Reliability study

Keywords: Dysfunction, functional movement, movement screen, movement system, repeatability 
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INTRODUCTION
The Selective Functional Movement Assessment 
(SFMA) is one of the many tools used by health care 
professionals to observe movement restrictions in 
individuals with known musculoskeletal injuries. 
While the reliability of the Functional Movement 
Screen™ (FMS™) has been heavily studied, only two 
published studies have examined the SFMA.1,2 The 
SFMA consists of ten functional movement patterns 
involving both the upper and lower extremities and 
is scored by a trained clinician based on the quality 
of movement.3 Using this assessment, the clinician 
can identify dysfunctional and/or painful movement 
patterns and detect components of the patterns to 
determine the possible causes. This differentiates 
the SFMA as an assessment tool used for evaluating 
injured subjects as opposed to the FMS™ which is 
designed to screen healthy participants. Ultimately, 
when using the movement assessment, the clinician 
is able to identify if the dysfunctional movement is 
caused by tissue extensibility, joint mobility, or sta-
bility/motor control dysfunction.3,4 At the core of 
the assessment is the concept of regional interde-
pendence.5 This notion allows the clinician to iden-
tify impairments within the kinetic chain that may 
seem unrelated to the primary complaint, but may 
contribute to their movement dysfunction.3 

Similar to the FMS™, the SFMA must be determined 
to be reliable prior to investigating other factors such 
as corrective exercises or specific treatment inter-
ventions. Multiple investigations have examined the 
reliability of the FMS™ under a variety of contexts 
and two recent systematic reviews found the screen 
to be a reliable method for evaluating motion.6,7 
However, unlike the FMS™, the SFMA is designed to 
be used in the presence of pain as part of a compre-
hensive musculoskeletal evaluation. It is paramount 
that clinicians can trust that the results of their SFMA 
exam are reliable when making decisions regarding 
patient status, progression, and discharge. 

Previous SFMA reliability studies examined healthy 
participants using video analysis1 or unhealthy par-
ticipants using both video analysis and real-time 
scoring.2 Prior to implementing the assessment as 
part of a clinician’s practice, it is necessary to estab-
lish the real-time reliability of the assessment on a 
healthy population since the individual’s pain and/or 

dysfunction could alter movement patterns between 
sessions and affect scoring. Furthermore, the SFMA 
was designed to be scored real-time and many clini-
cians do not have the time to review videos of their 
patients. Therefore, the primary purpose of this 
study was to examine the inter- and intra-rater reli-
ability of the 10 top-tier SFMA tests using real-time 
scoring among raters of different education and 
experience levels with the assessment in a healthy 
population. The authors hypothesized that move-
ments with objective benchmarks would be scored 
more reliably than movements that contained sub-
jective criteria. Furthermore, the authors hypothe-
sized that raters with more experience would exhibit 
higher intra-rater reliability scores. 

METHODS

Participants
A convenience sample of 25 (17 male, 8 female) 
physically active, college-aged participants vol-
unteered to participate in the study. The aver-
age age, height, and mass of the participants were 
21.2±1.6years, 177.1±10.7cm, and 74.9±13.9kg 
respectively. All participants were asked to com-
plete a basic pre-participation questionnaire, which 
included age, sex, height, weight, previous musculo-
skeletal injuries, and activity level per week. To be 
included, participants needed to be physically active 
for ≥30min on three or more days per week. Partici-
pants were excluded if they were currently suffering 
from any musculoskeletal injury that affected their 
physical activity participation, had undergone any 
surgery within the prior six months, self-reported 
any neurologic conditions, or were pregnant. Before 
the second testing session, examiners reviewed par-
ticipant’s health history information to ensure no 
changes had occurred. A healthy population was 
recruited for the study in an attempt to establish the 
reliability of the assessment without the potential 
influence of pain and/or dysfunction. Prior to begin-
ning data collection, the study was reviewed and 
approved by the university’s institutional review 
board. All participants provided written informed 
consent prior to study participation. 

Instrumentation
Participants were scored in real time using the 10 
top-tier patterns of the SFMA during two visits to the 
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lab, each separated by a minimum of 48 hours and 
maximum of seven days. The SFMA is comprised 
of the following fundamental movement patterns: 
1) Cervical flexion, 2) Cervical extension, 3) Cervi-
cal rotation, 4) Upper extremity pattern 1 (medial 
rotation, adduction, extension), 5) Upper extrem-
ity pattern 2 (lateral rotation, abduction, flexion) 6) 
Multi-segmental flexion, 7) Multi-segmental exten-
sion, 8) Multi-segmental rotation, 9) Single leg bal-
ance, 10) Overhead deep squat. Each movement was 
scored categorically based on function and pain into 
one of four categories (Functional non-painful-FN, 
Functional painful-FP, Dysfunctional non-painful-
DN, or Dysfunctional painful-DP). Participants were 
not familiar with or taught the grading criteria for 
any of the movements. A standard verbal script was 
read to each participant for the desired movement 
by the same rater (Appendix A). Participants were 
instructed to alert the raters of any pain experienced 
during the 10 movements. The movement instruc-
tions and scoring criteria were based on those pre-
sented in the SFMA Level 1 course4 and detailed in 
previous publications.1,3 

Raters included one athletic training faculty mem-
ber with 15 hours of SFMA training, SFMA Level 
1 certification, and two years’ experience scoring 
the SFMA (Rater A), one physical therapist with 
15 hours of SFMA training, SFMA Level 1 certifica-
tion, and one year of experience with SFMA (Rater 
B), and one athletic training student without SFMA 
certification and no formal training (Rater C). The 
undergraduate athletic training student had no for-
mal training with the SFMA, however, he did com-
plete a summer internship and worked closely with 
a physical therapist that used the SFMA on a daily 
basis. All raters were provided up-to-date, detailed 
instructions on the SFMA scoring prior to the study. 
All three raters were present during the data col-
lection sessions and were allowed to move freely 
about to evaluate each participant’s movement. If 
needed, raters were allowed to ask the participant 
to repeat the movement pattern and all raters were 
allowed an opportunity to re-score the movement. 
Raters did not confer prior to evaluating the move-
ment and each rater was blinded to the scoring of 
the other raters. Furthermore, the raters used new 
scoring sheets for each participant, therefore, the 

raters were unaware of how they scored the move-
ment during the participant’s first visit. 

Procedures
Participants arrived to the lab and the informed 
consent was obtained from each participant prior 
to testing. Following completion of the informed 
consent, participants completed a pre-participation 
questionnaire that included demographic informa-
tion and evaluated the participant for the inclusion/
exclusion criteria. The standard instructional script 
was read to each participant for all movements dur-
ing both visits. The primary investigator (Rater A) 
also provided a visual demonstration of each move-
ment prior to the participants’ attempt. If necessary, 
the script was repeated and each of the raters visu-
ally verified the movements for correct execution. 
Movements were scored in the order presented by 
the SFMA manual,4 beginning with the cervical flex-
ion test and ending with the overhead deep squat. 
All three raters performed their ratings upon com-
pletion of the subject. Evaluators did not cue the 
participant during any of the movements, nor did 
they discuss how they scored the movements at any 
time during or after data collection. 

Statistical Analyses
 All raw data were initially entered into Microsoft 
Excel 2016 (Microsoft, Redmond, VA). Data were 
reduced and copied to SPSS (version 21; IBM Corpo-
ration, Armonk, NY) for statistical analysis. Because 
the goal of the study was to establish the reliability of 
the individual movement pattern, the authors were 
not concerned about the movement direction or limb 
(right/left). Therefore, movements that had a right/
left component were pooled together for analysis 
(i.e. left and right cervical rotation pooled together as 
cervical rotation). Categorical scores were compared 
within and between raters (A-B, A-C, and B-C) using 
both absolute agreement and the Kappa coefficient. 
The 95% confidence interval (CI) for the Kappa 
coefficient was calculated using the formula recom-
mended by McHugh8 (k - 1.96 x SEk to k + 1.96 x 
SEk). The strength of agreement was assessed using 
the Kappa coefficient and the interpretation has been 
previously described as ≤0.1 = poor, 0.1-0.2 = slight, 
0.21-0.4 = fair, 0.41-0.6 = moderate, and 0.61-0.8 = 
substantial, and 0.81-1.0 = almost perfect.9 
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RESULTS
All 25 participants completed both testing sessions 
and their data were used for analysis. None of the 
participants experienced pain during any of the 
movements. As a group, participants were scored 
FN most frequently on the cervical flexion pattern 
(79%) followed by the upper extremity pattern 2 
(lateral rotation and flexion; 77%). Participants 
scored DN most frequently on the single leg stance 
(77%) followed by the overhead deep squat (75%) 
and upper extremity pattern 1 (medial rotation and 
extension; 73%). Rater B scored the highest number 
of dysfunctional movements followed by Rater A 
and C respectively. 

Results for intra-rater reliability (Kappa, 95% CI, and 
% agreement) for each rater are presented in Table 1. 
Kappa values for all raters ranged from slight to sub-
stantial depending on the movement pattern evalu-
ated. Rater A demonstrated the highest intra-rater 
reliability followed by B, and C respectively. The 
highest intra-rater reliability for all raters occurred 
during the overhead deep squat followed by the 
cervical flexion test. The lowest intra-rater reliabil-
ity for all raters occurred during the cervical exten-
sion test (Figure 1), followed by single-leg stance 
(Figure 2) and multisegmental extension test (Fig-
ure 3). Results for the inter-rater reliability (Kappa, 
95% CI, and % agreement) are presented in Table 
2. Kappa values for all raters ranged from slight to 

substantial depending on the movement pattern 
evaluated. Highest inter-rater reliability occurred 
between raters A & B, followed by A & C, and B & 
C respectively. The cervical flexion test showed the 
highest inter-rater reliability while multisegmental 
extension (Figure 3) showed the lowest inter-rater 
reliability, followed by cervical rotation (Figure 4).

Table 1. Intra-rater reliability of the categorical scoring of the SFMA presented as 
Kappa coeffi cient (95% CI’s) and agreement (%).

Figure 1. Cervical extension test.
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examine the repeatability of the assessment. Over-
all, the results showed slight to substantial reliability 
and this compared similarly to previously published 
SFMA reliability studies.1,2 Because the previous 
SFMA reliability study on a healthy population used 
video analysis, this study aimed to reproduce these 

DISCUSSION
The purpose of this study was to examine the reli-
ability of scoring the 10 top-tier SFMA tests using 
real time scoring in a group of healthy participants. 
The goal was to blend methodology from the two 
previous SFMA reliability studies1,2 in order to 

Figure 2. Single leg stance test. Figure 3. Multisegmental extension test.

Table 2. Inter-rater reliability of the categorical scoring of the SFMA presented as 
Kappa coeffi cient (95% CI’s) and agreement (%).
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methods but score all participants real-time to simu-
late how the assessment is typically used in clinical 
practice. Conversely, the only other SFMA reliability 
study1 examined a clinical population with a known 
pathology. While this replicates the intended pur-
pose of the assessment, pain and/or dysfunction 
has the potential to affect the reliability. In theory, 
movements are more likely to be repeatable in an 
otherwise healthy population because there is less 
likelihood of pain affecting the movement pattern.

Both the FMS™ and the SFMA are movement systems 
that allow the clinician to evaluate movement qual-
ity. Cook3 suggests that clinicians are knowledge-
able in both techniques to understand how the two 
systems can complement one another. The SFMA 
is designed to be a systematic method for observing 
movement pattern dysfunction in a pathologic pop-
ulation to determine the root cause of the pain and/
or dysfunction. These results can then guide poten-
tial clinical interventions. Conversely, the FMS™ is 
designed to be utilized with healthy participants in 
an attempt to guide programming decisions and pro-
vide movement feedback. Despite these differences, 

the two systems still share many similarities in their 
approach to assessing movement and two of the 
movement patterns are nearly identical. 

A search for articles involving the SFMA revealed 
less than five peer-reviewed journal articles. As pre-
viously mentioned, several differences in methodol-
ogy existed between the current study and the two 
published articles. First, both previously published 
studies used video recording for scoring participants. 
All three raters used video recordings to score partic-
ipants in the Glaws et al.1 study, while Dolbeer et al.2 
had two raters score real time and one score using 
video. While this is feasible for conducting research, 
Dolbeer et al.2 acknowledged that the SFMA is 
intended to be scored real time in the clinical set-
ting and not intended for 2-dimensional video analy-
sis. Second, Dolbeer et al.2 used a clinical physical 
therapy population, therefore, some of their partici-
pants exhibited painful patterns. Both Glaws et al.1 
and the current study used a healthy population and 
no painful patterns were recorded. Third, both Glaws 
et al.1 and the current study examined both intra- and 
inter-rater reliability while Dolbeer et al.2 only evalu-
ated inter-rater reliability. In many clinical practices, 
the same clinician works with the patient and tracks 
movement progress, making it necessary to establish 
the intra-rater reliability. However, having the ability 
to allow another clinician to evaluate movement per-
formance allows the system to become more versa-
tile within a clinical practice with multiple clinicians 
sharing the patient load. Fourth, both the current 
study and Glaws et al.1 used examiners with differing 
levels of experience with the SFMA while Dolbeer et 
al.2 used examiners with similar levels of experience. 
While data from the current study may have been 
different if all of the examiners had the same level of 
experience, it is unlikely clinicians working together 
would all have the same level of experience. Finally, 
both previously published studies1,2 used both cat-
egorical and the criterion checklist scoring tool that 
is included in the SFMA manual4 to assess reliabil-
ity. The current study only evaluated the reliability 
of the categorical scoring method. Additionally, the 
authors chose to only examine the categorical scor-
ing method since these results determine if it is nec-
essary to perform the breakouts associated with each 
of the movement patterns. 

Figure 4. Cervical rotation test.
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Despite these differences, the results demonstrated 
slightly lower intra-rater reliability and slightly 
higher inter-rater reliability when compared with 
Glaws et al.1 Furthermore, the results demon-
strated similar to slightly higher inter-rater reli-
ability depending on which set of examiners were 
being compared. The current study found similar to 
slightly higher inter-rater reliability when compar-
ing the Dolbeer et al.2 study. However, some of this 
variation could be attributed to the presence of dys-
functional and/or painful movement patterns in the 
patients’ evaluated in both studies. Based on how 
the Cohen’s Kappa statistic is calculated, the Kappa 
coefficient can be lowered with small samples of a 
given categorical score.10 Because the distribution 
of FN, DN, FP, and DP scores for some movement 
patterns were not evenly distributed for various 
movement patterns, the overall interpretation of the 
Kappa statistic may have been lowered. The purpose 
of the Kappa statistic is to take into account the pos-
sibility that raters guessed on scores.8 With unequal 
distributions of scores, the Kappa statistic may have 
the potential to be excessively lowered.8 This may 
explain why there were large differences in the 
Kappa statistic and the absolute agreement for some 
of the movement patterns. 

Intra-Rater Reliability 
The intra-rater reliability Kappa coefficients for all 
raters in the Glaws et al.1 study ranged from 0.25 to 
0.94 for the 10 fundamental movements. The most 
reliable rater in the Glaws et al.1 study had Kappa 
coefficient values ranging from 0.41 to 0.94. The 
results from the current study demonstrated intra-
rater reliability Kappa coefficients for all raters rang-
ing from 0.21 to 1.00. The most reliable rater from 
the current study demonstrated Kappa coefficients 
ranging from 0.38 to 0.90. Values for absolute agree-
ment from the Glaws et al.1 study ranged from 0.63 to 
0.97 while the results from the current study ranged 
from 0.64 to 1.00. While these ranges are strik-
ingly similar, examining the individual movements 
revealed some substantial differences. For example, 
by averaging the results for all raters, cervical exten-
sion demonstrated the lowest intra-rater reliability 
(0.30) in the current study while this was the most 
reliability movement (0.77) in the Glaws et al.1 study. 
Alternatively, multisegmental extension was among 

the least reliable movements in both studies with 
Kappa coefficients ranging from 0.36 to 0.49. Simi-
larly, cervical rotation demonstrated lower reliabil-
ity values while multisegemental flexion revealed 
higher reliability values. While the overall reliability 
results were similar when averaging all movement 
patterns, the two studies found discrepancies in the 
reliability for certain movement patterns. 

Inter-Rater Reliability 
Results from the current study showed inter-rater 
reliability Kappa coefficient values ranging from 
0.11 to 0.89 for all raters. Glaws et al. reported values 
ranging from 0.07 to 0.97 for all raters while Dolbeer 
et al. reported values ranging from 0.1 to 0.96. Raters 
A and B displayed the highest reliability while rat-
ers B & C were the lowest. These data were similar 
to the Glaws et al.1 study which also found level of 
experience was reflective of the inter-rater reliabil-
ity. For all sets of raters in the current study, multi-
segmental extension exhibited the lowest inter-rater 
reliability, while cervical flexion demonstrated the 
highest. These same results were not found in the 
two previously published reliability studies.1,2 Inter-
rater reliability between sets of examiners revealed 
inconsistent results for the highest and lowest reli-
ability values. 

Top-Tier SFMA Movements
Regardless of the movement pattern being evalu-
ated, clinicians must evaluate the pattern for exces-
sive effort and/or lack of motor control. While this 
tends to be a subjective component of the evalua-
tion, with practice, clinicians are better able to pick 
up on the cues associated with both excessive effort 
and lack of motor control. The current results dem-
onstrated the lowest reliability numbers for cervical 
extension, cervical rotation, and MSE. Of these move-
ments, the cervical rotation movement contains the 
most objective criteria by providing the midpoint of 
the clavicle as the target anatomical landmark. To 
be considered FN, the participant must rotate only 
the cervical spine so that the chin is aligned with 
the mid-point of the clavicle. While this movement 
contains objective criteria, it does require the exam-
iner to reliably assess the mid-point of the clavicle. 
In contrast, both the cervical and multisegemental 
extension patterns require the examiner to assess 
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the participant for a ‘uniform’ spinal curve during 
the movement. While this is only one component 
of the evaluation criteria, the subjective nature of 
assessing a uniform spinal curve likely contributed 
to lower reliability scores for these movements. 

The movements with the highest reliability tended 
to have the most objective scoring criteria. For exam-
ple, in order to be considered FN for the cervical 
flexion pattern, the participant must flex the neck 
and touch the chin to the chest. Similarly, the mul-
tisegmental flexion test contains several objective 
criteria such as a touching the fingers to the ground, 
a posterior weight shift, and a sacral angle of greater 
than 70°. Interestingly, the multisegmental flexion 
test also requires the participant to have a uniform 
spine curve, however, the reliability of assessing this 
motion was considerably higher than the multiseg-
mental extension movement. A possible explana-
tion for this could be the difficulty in visualizing the 
lumbar spine extension due to the reduction of this 
space during extension. Furthermore, not being able 
to touch the toes during the multisegmental flex-
ion test immediately places it in the dysfunctional 
category. It is possible the reliability of the multi-
segmental flexion test is higher because the rater 
knowingly or unknowingly places more emphasis 
on evaluating the objective portions of the test and 
less on the subjective portions. 

Limitations
As with all research investigations, this study was not 
without limitations. All participants were healthy at 
the time of testing; therefore, no painful patterns 
were identified. The SFMA is designed to identify 
dysfunctional movement patterns in participants 
with known musculoskeletal injury.3 Secondly, the 
authors chose to assess only the intra- and inter-
rater reliability of the categorical scoring system of 
the SFMA. The system allows clinicians to score par-
ticipants based on both a categorical and criterion 
checklist system. The authors also chose to evaluate 
only the reliability of the categorical system because 
this system dictates what movements receive fur-
ther attention. Third, movements were scored real-
time by all participants. This reflects the intended 
design of the assessment; however, it does not allow 
evaluators to watch the movement multiple times. 

However, all evaluators had the ability to ask the 
participant to perform the movement again, which 
allowed the evaluator to take a second look or evalu-
ate the movement from a different angle. It is pos-
sible the individual only narrowly passed/failed the 
movement during the first session or attempt and 
the opposite interpretation was found during the 
second visit or attempt. Naturally, this would nega-
tively affect the reliability but does reflect the same 
challenges a clinician would find in clinical prac-
tice. Fourth, the current study utilized a sample of 
healthy, college-aged participants which may make 
it difficult to generalize the findings to other popula-
tions. Finally, examiners differed in their experience 
level with the assessment. While it may be helpful to 
know the reliability of a homogenous set of examin-
ers, many clinical settings where the SFMA is per-
formed contain a variety of clinicians with varying 
levels of SFMA experience. 

CONCLUSIONS
The top-tier movements of the SFMA scored categor-
ically and assessed real-time in a healthy population 
demonstrated slight to substantial reliability. The 
methodology of this study combines aspects of pre-
vious SFMA reliability studies and further supports 
their findings. Both intra- and inter-rater reliability 
was highest for raters that had the most experience 
and were certified in the SFMA. It appears move-
ments with the most objective scoring criteria pro-
duce the highest reliability values. 
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The starting position for all tests is the same. You 
will stand erect with your feet together, toes point-
ing forward, and your arms hanging comfortably by 
your side. We will read you the instructions and then 
ask you to perform the movement so we can score 
the quality and quantity via visual inspection. If you 
experience pain anywhere in your body during the 
movement, please let the examiner know.

1. Cervical Spine Flexion: Please attempt to touch 
your chin to your breastbone (sternum) while 
keeping your trunk erect during the movement.

2. Cervical Spine Extension: Please extend your 
head back like you are looking at the ceiling as 
far as possible while keeping your trunk erect 
during the movement.

3. Cervical Spine Rotation: Please rotate only 
your head as far as possible to the right. Repeat 
this movement to the left.

4. Upper Extremity Pattern 1: Please reach back 
with your right arm and try to touch where I 
have placed my finger on your left inferior scap-
ula. Repeat this movement with your left arm, 
touching the spot I have marked.

5. Upper Extremity Pattern 2: Please reach over-
head with your right arm and try to touch where 
I have placed my finger on your left scapular 
spine.

6. Multi-Segmental Flexion: Please bend forward 
at the hips while reaching your hands toward 

your toes. Try to touch the tips of your fingers to 
the end of the toes without bending your knees.

7. Multi-Segmental Extension: Please raise 
your hands above your head with your arms 
fully extended and the elbows in-line with the 
ears. Bend backward as far as possible, making 
sure your hips go forward and arms go back 
simultaneously. 

8. Multi-Segmental Rotation: Please rotate the 
entire body (hips, shoulders, and head), as far 
as possible to the right while the feet position 
remains unchanged. Repeat this movement but 
rotate to the left.

9. Single Leg Stance: Lift your right leg so the hip 
and knee are both at 90-degree angles. Remain 
in this posture for 10 seconds. Rest for as long 
as you need and then repeat this task with your 
eyes closed. Repeat both tests with lifting your 
left leg.

10. Overhead Deep Squat: Please stand with the 
instep of your feet in vertical alignment with 
the outside of the shoulders. Your feet should 
be pointing straight forward. Extend your hands 
overhead with the shoulders flexed and abducted 
and the elbows fully extended (this will be dem-
onstrated). Slowly descend as deeply as possible 
into a squat position. Maintain the heels in con-
tact with the floor, your head and chest should 
remain facing forward, and the arms maximally 
pressed overhead. Return to the starting position.

APPENDIX A

SFMA Instructions



ABSTRACT
Background: Interventional exercises have been developed to help athletes improve scores on the Functional Movement 
Screen™ (FMS™). However, there is a paucity of research on the effects of a similar program in female athletes, as well as 
the effects of a standardized corrective exercise regimen. The purpose of this study was to assess whether an in-season, 
standardized interventional exercise program improves FMS™ score asymmetry and the composite score of female colle-
giate athletes.

Study Design: Prospective, quasi-experimental, cohort study 

Methods: Forty-one (mean age 19.5 ± 1.2 years; body mass, 70.6 ± 11.5 kg ; height, 1.70 ± 0.083 m) NCAA Division III 
female soccer (n=10), softball (n=17), and basketball (n=14) players participated in this study. The athletes completed the 
FMS™ screens prior to their season, regularly participated in four in-season standardized corrective exercises throughout 
three to four month athletic seasons, and completed the FMS™ screens in the postseason. 

Results: The average score of all athletes before the season was 15.52 ± 0.63 and 16.04 ± 0.72 after the season. While the 
mean score of soccer players increased from 14.80 ± 0.92 to 16.1 ± 1.52 and the mean score of softball players increased 
from 15.83 ± 1.89 to 16.72 ± 1.41 at the end of the season, the mean score of basketball players dropped from 15.93 ± 1.49 
to 15.29 ± 1.59. Women’s basketball players experienced a decrease in their composite FMS™ score (x– = -0.571, p<0.01), 
while women’s soccer players (x–=+1.30, p<0.05) and softball players (x–=+1.12, p<0.05) experienced an increase in mean 
score 2.28 times and 1.96 times greater in magnitude than the decrease in basketball players’ composite FMS™, respectively. 
Fewer total athletes demonstrated asymmetries at postseason testing, decreasing from 24 at preseason testing to 15 at post-
season testing (p<0.01). Significant differences were not noted between athlete age and FMS™ scores (p>0.05). 

Conclusions: Standardized interventional programs during athletic teams’ seasons may be used to help increase FMS™ 
scores and reduce asymmetry. Though more studies are warranted to address the negative effects of this standardized pro-
gram in women’s basketball players, this study demonstrated that the number of asymmetries significantly decreased from 
pre- to postseason among soccer and softball players, which may have implications for a higher resistance to injury.

Levels of Evidence: 3

Keywords: Asymmetry, corrective exercises, female athletes, Functional Movement Screen™ (FMS™), Movement system
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INTRODUCTION
Musculoskeletal injury in the athletic population 
can be devastating at the individual, team, and orga-
nizational levels. Often performance of the team 
and athlete suffers as a result – which can have 
both social-emotional and financial consequences 
dependent on the setting. The involvement of neu-
romuscular impairment in the pathophysiology of 
sports injuries prompts interdisciplinary practitio-
ners, including athletic trainers, physical therapists, 
and physicians, to use screening tools that quantify 
athletes’ abilities to execute functional movements 
and hopefully reduce injury risk through primary 
prevention.1 The Functional Movement Screen™ 
(FMS™) is a valid and reliable clinical test that eval-
uates neuromuscular impairments developed by 
Functional Movement Systems and Gray Cook.2 It 
is comprised of seven functional movements and 
three clearing tests, and has been used to provide 
a quantitative measurement of musculoskeletal 
injury risk.3-7 Of clinical importance is the ability 
to effectively identify movement impairments, and 
potentially decrease the potential for injury, pre-
vent re-injury, enhance performance and ultimately 
improve quality of life.4

A series of work by Kiesel et al. indicate that perfor-
mance on the FMS™ has implications for risk of injury 
in a population of professional football players.7-9 One 
particular trend shown to correlate with a higher inci-
dence of injury was asymmetry in FMS™ scores for 
movements that assess the extremities. Asymmetry 
in this context describes differing performance of 
each extremity (left versus right) when executing a 
given functional movement, and musculoskeletal 
asymmetry is a prominent risk factor for injury.10-14 

Players who scored <14 exhibited at the start of train-
ing camp demonstrated a relative risk of 1.87 for time 
loss injuries over the course of the season. Similarly, 
players with at least one asymmetry displayed a rela-
tive risk of 1.80. The combination of both a low score 
and exhibiting a movement asymmetry was highly 
specific (.87) for injury in this athletic population.7

Given the use of the FMS™ to gauge injury risk in ath-
letes, it is possible that improvements in FMS™ score 
and decreased asymmetry correlate with decreased 
incidence of time loss injuries. Interventional exer-
cises have been developed to help athletes improve 

dysfunctional movement patterns, aimed at estab-
lishing symmetry and reaching a balance between 
mobility and stability.8, 15 Kiesel et al. utilized off-
season interventions with corrective exercises that 
led to improvements in FMS™ scores for male foot-
ball players, and Bodden et al. demonstrated that 
FMS™ scores improved in male MMA fighters after 
an eight-week interventional program. The work of 
Bodden et al. also indicated that interventional pro-
grams hold potential to establish symmetry in func-
tional movements.15

However, there is little research on the effects of a 
similar program on the FMS™ scores of female ath-
letes. While studies have shown no significant dif-
ferences in the composite FMS™ scores of male and 
female athletes over the course of an athletic sea-
son,1 similar studies are needed with an interven-
tion in place in order to assess the ability of exercises 
to change composite FMS™ scores. Furthermore, 
the corrective exercises instituted by Kiesel et al. 
and Bodden et al. were unique to each athlete or 
unique for athletes of a particular sport, which does 
not address the potential effect of a standardized 
corrective exercise regimen followed uniformly by 
athletes across different sports.8, 15 Although tailor-
ing exercises to a specific sport or individual ath-
letes is a goal of most practitioners, standardization 
of exercise offers intervention for a greater number 
of athletes with less dedication of staffing and time 
resources, which may be a limiting factor for sports 
medicine programs. 

Consequently, the purpose of this study was to 
assess whether an in-season, standardized interven-
tional exercise program improves FMS™ score asym-
metry and the composite score of female collegiate 
athletes. The authors hypothesized that a standard-
ized interventional program aimed at improving 
athletes’ functional movements should precipitate 
improved FMS™ composite scores and reduce asym-
metry upon completion of the exercise regimen.

METHODS

Experimental Approach to the Problem
 A prospective, quasi-experimental cohort study 
design was used to analyze changes in the FMS™ 
after three to four months of in-season interventional 
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exercises, training, and competitive games in National 
Collegiate Athletic Association (NCAA) Division III 
female soccer, softball, and basketball athletes. The 
athletes completed preseason FMS™ tests before the 
start of their season as part of their regular preseason 
evaluation, participated in four standardized correc-
tive exercises as part of routine warm-ups/strength 
and conditioning programs, and completed postsea-
son FMS™ tests at the end of their respective seasons. 
Corrective exercises were not conducted during 
off-season activities. Accordingly, follow up time is 
measured from the start of each season, and onset 
of exercise participation, until postseason testing. 
Athlete recruitment took place in August of 2016, fol-
lowed by subsequent preseason FMS™ testing. Ath-
letic seasons took place between August 2016 and 
May 2017 for about three to four months per season, 
which varied per specific sport. Postseason FMS™ 
tests were conducted during the last week of each 
team’s respective competitive season.

Subjects
Forty-one (mean age 19.5 ± 1.2 years; body mass, 
70.6 ± 11.5 kg ; height, 1.70 ± 0.083 m) NCAA Divi-
sion III female soccer (n=10), softball (n=17), and 
basketball (n=14) players participated in this study. 
This study size reflects female athletes who com-
pleted both the preseason and postseason screens, 
after executing the interventional exercises during 
their respective competitive seasons. During the reg-
ular season for each sport, all subjects participated 
in team practices and games, which involved three 
to five court practice sessions and weekly games. 
The softball and basketball players performed the 
standardized corrective exercises at the start of their 
strength-training sessions three times per week with 
the institution’s strength and conditioning staff. 
Women’s soccer did not participate in strength train-
ing sessions, and accordingly performed the stan-
dardized exercises during weekly practice sessions 
three to four times per week. Exercises were demon-
strated and observed by trained physical therapists 
at the start of the season. Consistent completion of 
the exercise regimen was addressed through verbal 
communication with teams through the course of 
the season. Data for the preseason and postseason 
FMS™ was collected by trained physical therapy 
staff members as standard preseason and postseason 

guidelines described by this study. Postseason test-
ing was conducted at team practice sessions to opti-
mize attendance for follow-up testing. 

Inclusion criteria for participation in this study 
included female athletes, ages 18-25, who presented 
to both preseason testing and postseason testing 
after participating in the weekly exercises. Exclusion 
criteria included any injury sustained at the start of 
the season, which would prevent the athlete from 
performing the screen, or athletes younger than 18 
years of age. The institution’s Institutional Review 
Board for Research with Human Subjects approved 
this study. Informed consent was obtained from sub-
jects prior to collection of data.

Functional Movement  ScreenTM

A team of five physical therapists and athletic train-
ers used the Functional Movement Screen (FMS™) to 
assess the athletes’ functional movement patterns. 
The interdisciplinary team members were experi-
enced in FMS™ scoring to ensure proper evaluation of 
the subjects. The FMS™ evaluates asymmetry and lim-
itations in seven functional movements through tests 
including the deep squat, hurdle step, in-line lunge, 
shoulder mobility, active straight leg raise, trunk sta-
bility push-up, and rotary stability. The seven func-
tional movement tests are scored on a scale of 0-3, 
contributing to a maximum total score of 21.2,4-5 Cook 
et al. describe the exact instructions and grading cri-
teria for completing the seven functional movements 
tests for the FMS™.3 Each functional movement 
tests components of strength, stability and flexibil-
ity within their respective regions. Observations of 
movement patterns and compensation strategies 
can lead the health professional to examine compo-
nent in isolation. In addition, there are three clearing 
tests associated with shoulder mobility, trunk stabil-
ity push-up, and rotary stability to gauge subject pain 
while executing the functional movement. 

Five stations with a scorer, FMS™ test kit, and FMS™ 
score sheet were set up in a physical therapy studio. 
The staff scorer at each station instructed the athletes 
on how to complete the functional movement tested 
at the station. Due to staffing limitation different 
scorers were used during the preseason and postsea-
son FMS™; however, previous studies indicate mod-
erate to excellent interrater reliability of FMS™ and 
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testers discussed grading criteria prior to both pre 
and post season testing to ensure consistency.2,9,16

After each test was completed at each station, a 
score from 0-3 was assigned to the subject per FMS™ 
grading criteria. A score of 0 was given if the sub-
ject experienced pain and a score of 1 was given if 
the subject could not complete the movement or a 
loss of balance occurred. A score of 2 was assigned if 
the subject completed the movement without pain, 
but exhibited a level of compensation to assist in the 
movement, whereas a score of 3 was given if the 
subject completed the movement without pain and 
compensation.2, 5-6

The hurdle step, in-line lunge, shoulder mobility, 
active straight leg raise, and rotary stability tests are 
scored separately for the right and left sides of the 
body, allowing for detection of asymmetry in func-
tional movement. For these tests, the lowest score 
contributes to the total score assigned for the func-
tional movement test. For example, a right leg score 
of 1 for the active straight leg raise and left leg score 
of 2 would translate to a total score of 1 for the active 
straight leg raise in that subject. 

In-Season Activity and Exercises
Following preseason testing, subjects competed in 
regular season games and participated in four stan-
dardized interventional exercises as a part of their 
routine group warm-up. The exercises were taught 
by trained physical therapists and incorporated into 
team warm-ups to ensure equal participation of all 
subjects. The coaches and team captains monitored 
the interventional exercises for the soccer players. 
The team captains and strength and conditioning 
coaches monitored the interventional exercises for 
the softball and basketball players. The four standard 
interventional exercises, each aimed at improving 
a certain functional movement, included the hard 
roll, negative push-up, plank hamstring curls, and 
partner leg-raise (Figure 1). These exercises are not 
those recommended by Cook et al.,17 rather these 
are variations targeted at specific impairments that 
were identified as deficits at the start of the season 
across the three recruited teams. Consistently across 
sports rotary stability was the poorest performing 
section of FMS™ and this guided exercise selection. 
The soccer team specifically performed these on 

their practice surface and did not have equipment 
readily available. In addition, only four exercises 
were chosen, as opposed to more, to increase coach 
and team member compliance. Table 1 demonstrates 
the protocol for completion of each exercise and cor-
responding FMS™ movements. 

Statistical Methods
All data were collec ted and organized using Microsoft 
Excel. Statistical analysis was conducted and plotted 
via GraphPad Prism 6 (GraphPad Software Inc., La 
Jolla, CA USA). Mean and standard deviation were 
calculated for all FMS™ scores (composite and indi-
vidual movements), age, height, and weight. Due 
to limited sample sizes and skewed distributions, 
the Kruskal-Wallis test (nonparametric) was used to 
determine any significant differences in the outcome 
variables (i.e. changes in composite FMS™ scores 
from preseason to postseason) among the tested 
sports (softball, soccer, and basketball). When a sig-
nificant difference was discovered among all partici-
pants, Dunn’s multiple comparison post-hoc testing 
was utilized to determine any significant differences 
between the sports (softball versus soccer, softball 
versus basketball, and soccer versus basketball) and 
their respective change in composite FMS™ scores. 

As described by Sprague et al. in 2014, a 1-way Chi-
squared analysis was performed to determine sig-
nificant changes between preseason and postseason 
FMS™ and the number of athletes with asymmetries, 
using the number of asymmetries at preseason as 
“expected” values in the Chi-squared analysis.1 
Asymmetries were also analyzed by 2x2 contingency 
tables (preseason or postseason versus frequency 
of asymmetries or no asymmetries) with Fischer’s 
test for contingency. Similar analyses were used to 
determine significant changes in the number of ath-
letes with scores ≤ 1 in any individual movement 
score. Data pertaining to subjects who only attended 
preseason testing, and not postseason testing, were 
not included in any analyses. 

RESULTS
Fifty-four athletes initially participated in preseason 
testing. However, only forty-one (mean age 19.5 ± 1.2 
years; mass, 70.6 ± 11.5 kg; height, 1.70 ± 0.083 m) NCAA 
Division III female soccer (n=10), softball (n=17), and 
basketball (n=14) players presented to both preseason 
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and postseason testing after participation in the in-sea-
son exercises, and were included in outcome analyses. 
A total of thirteen athletes (basketball, n=6; softball, 
n=1; soccer, n=6) presented to preseason testing only, 
and were not included in the analyses. The average fol-
low-up time, as measured from the start of each team’s 
season to postseason testing, was 111 days, or about 3.7 
months. 

The average score of all athletes before the season 
was 15.52 ± 0.63 and 16.04 ± 0.72 after the season. 
While the mean score of soccer players increased 
from 14.80 ± 0.92 to 16.1 ± 1.52 and the mean score 
of softball players increased from 15.83 ± 1.89 to 
16.72 ± 1.41 at the end of the season, the mean score 
of basketball players dropped from 15.93 ± 1.49 to 
15.29 ± 1.59. 

Figure 1. Standardized interventional exercises performed by each athlete during team practices, 3-4 times per week. Top to bot-
tom: Hard roll, Negative Push-Up, Plank Hamstring Curls, Partner Leg-Raise.

Table 1. Standardized interventional exercise regimen with corre-
sponding FMSTM screen used for assessment.
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Among all athletes tested, softball and soccer play-
ers demonstrated the greatest frequency of an 
increase in composite FMS™ score (Figure 2). There 
was a significant difference between all three sports 
and the change in composite FMS™ score, as wom-
en’s basketball players were more likely to experi-
ence decreases in their composite FMS™ score (x– = 
-0.571, p<0.01) (Figure 3). In contrast, women’s 
soccer players (x–=+1.30, p<0.05) experienced a 
positive change 2.28 times greater in magnitude 
than the decrease in basketball players’ composite 
FMS™. Similarly, softball players (x–=+1.12, p<0.05) 

experienced a positive change 1.96 times greater in 
magnitude than the decrease in basketball players’ 
composite FMS™. Of note, no significant differences 
regarding changes in composite FMS™ score were 
noted between softball and soccer players (p>0.05), 
indicating that the change in composite FMS™ scores 
between these two groups was similar. Furthermore, 
no significant differences were noted between sport 
and individual movement scores (p>0.05). 

Fewer total players demonstrated asymmetries 
at postseason testing (npreseason=24, npostseason=15, 
p<0.01), with significant decreases in asymmetries 
in soccer (p=0.01) and softball (p<0.01) players 
(Table 2). The decrease in total asymmetry fre-
quency represented 40% (n=4) of soccer players 
and 29% (n=5) of softball players. Figure 4 depicts 
results regarding asymmetries analyzed with Fisch-
er’s test for contingency, indicating a significant 
decrease in the asymmetries noted among softball 
players (p=0.037). No significant differences were 
shown in the number of players with scores ≤ 1 
between preseason and postseason testing (p>0.05). 
Furthermore, significant differences were not noted 
between athlete age and FMS™ scores (p>0.05).

DISCUSSION

Changes in Composite FMS™ Scores
To the authors’ knowledge, there is currently a pau-
city of evidence regarding the ability to change FMS™ 

Figure 2. Histogram frequency distributions of (a) Women’s 
softball, (b) Women’s soccer, and (c) Women’s basketball 
change in FMSTM testing data depicting differences between 
preseason and postseason FMSTM scores. 

Figure 3. Mean changes (±SD) in FMSTM testing score in 
women’s softball, soccer, and basketball teams (overall 
p=0.009). *Indicates signifi cant differences in comparison 
with women’s basketball team. 
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scores based on a standardized interventional pro-
gram in female athletes from multiple sports. This 
study was conducted to determine whether stan-
dardized exercises designed to address FMS™ move-
ments precipitate improved FMS™ scores regardless 
of the participant’s sport. In settings with lack of 
ongoing interdisciplinary intervention, standardized 
exercise may provide a clinically efficient way to 
promote primary prevention. 

The hypothesis that the four prescribed, standard 
exercises could improve athletes’ FMS™ scores 

universally was not supported by this study. Though 
the mean score of all athletes increased at postsea-
son, examining team-specific scores argues against a 
uniform increase in scores. The novel finding of this 
study was that women’s soccer and softball players 
experienced an increase in composite FMS™ scores 
with reduced asymmetries after performing the 
same four standardized warm-up exercises; however, 
the women’s basketball players experienced a small 
net negative change in composite FMS™ scores with 
increased asymmetries. 

In a cohort of professional football players, on aver-
age there was an 11% increase in their FMS™ score 
as a result of the interventional training program,8 
which is a greater change than what was experi-
enced in this cohort. The preseason average FMS™ 
scores noted in this study were higher than the aver-
age of 14.3±1.77 among female athletes recorded 
by Chorba et al.18 Accordingly, the results from this 
study differ from past studies that have demon-
strated the ability of intervention programs to more 
uniformly increase FMS™ scores within a cohort of 
athletes.8,15 However, those studies contrasted from 
this current study in two significant ways. Specifi-
cally, this study examined a larger cohort of athletes 
than Bodden et al.’s study, and this cohort featured 
athletes from three different sports.15 Moreover, the 
differing results may represent a manifestation of 
gender differences, as this cohort featured solely 
female athletes, compared to the male MMA ath-
letes and professional football players featured in 
Kiesel et al. and Bodden et al.’s work. In addition 
to gender differences, this study featured Division 
III athletes as opposed to more high-performing 
semiprofessional MMA fighters and professional 
American football players. Furthermore, the ath-
letes in this study all completed the same four exer-
cises during their warm-up routines regardless of 
their sport, as opposed to individualized training 
programs prescribed by Kiesel et al. and Bodden et 
al. to their subjects. Although individualized, sport-
specific training would be preferred, as supported 
by the aforementioned studies, this study aimed to 
develop an exercise regimen that could be imple-
mented across sports with fewer healthcare provid-
ers in order to improve functional movement scores 
in this study’s patient population. 

Table 2. Pre- and Post-season asymmetries as measured 
by the FMSTM.

Figure 4. Trend data for asymmetries in softball (p=0.0366), 
basketball (p=0.6946), soccer (p=0.1409), and all sports 
(p=0.0763), analyzed by 2x2 contingency tables as opposed 
to the 1-way [chi]2 analysis. *Indicates signifi cance detected 
in total asymmetries by the 1-way [chi]2 analysis (p=0.004).  
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Though the improvement in FMS™ scores observed 
in the women’s soccer and softball athletes sup-
ports previous findings that FMS™ composite scores 
may be improved by corrective exercises, this study 
shows that interventional exercises may be stan-
dardized only for certain sports.8 However, it is 
important to keep in mind that the negative change 
in composite FMS™ score of 0.64 points from pre-
season to postseason in the basketball cohort is less 
than the minimally clinically important difference 
(MCID) for the FMS™ composite score of 1.25 points 
indicated in previous literature.19 

The discrepancy between the changes observed 
in basketball players’ individual limb FMS™ scores 
versus that of the other athletes might indicate the 
need for sport-specific interventional exercises. The 
increases in composite FMS™ scores of softball and 
soccer players indicate that the standardized exer-
cises should have helped increase FMS™ scores 
without a tropism for upper or lower body domi-
nant sports. However, the basketball players’ rela-
tively poor response to the standardized exercises 
suggests that those athletes were subject to different 
factors affecting their functional movements, com-
pared to softball and soccer players. The basketball 
players’ FMS™ performance did include some “0” 
scores due to pain and/or inability to complete the 
movement although there was no time loss injury 
associated. Limitations and decreased ability to 
perform the functional movement occurred over 
the course of the season, which limited functional 
scoring but did not limit sport performance. Differ-
ent interventional exercises specific to the deficits 
in the basketball players’ FMS™ performance may 
allow for reversal of their negative trend in FMS™ 
performance in future seasons. Additionally, con-
sideration of dosing, technique and other potential 
interventions may also need to be considered in the 
future. 

Asymmetries
Asymmetries from the hurdle step, in-line lunge, 
shoulder mobility, active straight leg raise, and 
rotary stability tests reflect differences in scoring 
between the right and left side of the body. In this 
cohort, a significant overall reduction in the num-
ber of asymmetries recorded at postseason testing 

as compared to preseason scores was observed, 
particularly in softball players (Table 2, Figure 4). 
Though the overall number of asymmetries was 
reduced in the combined cohort of athletes, the bas-
ketball cohort actually experienced a slight increase 
in the number of players with asymmetry in scores. 
This finding represents a distinct deviation from 
the trend observed in softball and soccer players. 
Though the observed increased asymmetry in bas-
ketball players may represent a true finding, it is 
possible that this phenomenon may be due to errors 
in instruction from the basketball team staff. Spe-
cifically, improper technique may have favored one 
side of the body over the other, causing an augmen-
tation of asymmetry that compounded with asym-
metry introduced by playing basketball through the 
season (i.e. inherent left or right handed preference 
for dribbling, shooting, or passing). In contrast, the 
reduction in the number of asymmetries in the 
women’s soccer and softball players’ scores from 
preseason to postseason suggests potential of using 
these standardized interventional exercises to mini-
mize asymmetry in athletes. These exercises then 
may provide a protective effect in soccer and soft-
ball players, as higher rates of asymmetries in scores 
has been linked with a higher risk of athlete injury.7 
The increase in the number of players with asym-
metry in scores in the basketball cohort suggests an 
added detrimental effect for those athletes in addi-
tion to their decreased postseason FMS™ scores. 

Limitations
The sample size and lack of a control group within 
this study represent key limitation in the ability to 
detect significant patterns resulting from the imple-
mentation of  the standardized exercises. A larger 
number of participants would have allowed for 
emergence of significant patterns between the sub-
jects’ sport and changes in the individual movement 
scores on the FMS™. Likewise, use of a control group 
would allow more confidence in the effectiveness of 
interventional exercise versus improved strength, 
stability and motor control specifically related to in-
season training and competition alone. 

The quality of exercises performed by the teams 
may have varied, as team captains and coaches 
supervised soccer players, while strength-training 
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staff supervised basketball and softball players. This 
study solely involved NCAA Division III athletes, 
who may have varying athletic abilities compared to 
their Division I or II counterparts, limiting general-
izability to athletes of other divisions. Furthermore, 
inclusion of athletes from only three different sports 
further limits generalizability to athletes playing 
those sports not represented in this study. Similarly, 
differences in coaching technique and philosophy, 
skill acquisition and sport specific biomechanics 
were not taken into consideration as a possible influ-
ence in improving FMS™ scores. 

Additionally, this was not a randomized, blinded 
study, which may influence the extent to which one 
may interpret these results. However, past studies 
have shown that, in the absence of an intervention, 
there are no significant differences in composite 
FMS™ scores over the course of certain athletic sea-
sons.1 Thus, the statistically significant findings in 
this study may be compared to those results, indicat-
ing that interventional exercises may indeed change 
composite FMS™ scores in certain athletes. Future 
studies should assign corrective exercises in the con-
text of a randomized, blinded study design, with a 
control group in order to attain more robust analy-
sis regarding changes in FMS™ score or asymmetry 
from pre- to postseason. 

Lastly, though these results provide an understand-
ing of potential trends over the course of one season 
and may be applicable to other athletes, continued 
studies over future seasons may help determine the 
long-term effect of these exercises on athletes’ FMS™ 
scores and number of asymmetries. 

CONCLUSIONS
The ability to improve athlete scores through 
interventional exercises allows for the creation of 
preventative training regimens that provides practi-
tioners an opportunity to maintain or improve ath-
lete performance. The results of the current study 
suggest that a standardized interventional program 
implemented during certain athletic teams’ respec-
tive seasons can increase FMS™ scores and reduce 
asymmetries. Though more studies are warranted 
to address the negative effects of this standardized 
program in women’s basketball players, this study 
demonstrated that the number of asymmetries 

significantly decreased from pre- to postseason 
in soccer and softball. Further research with an 
expanded sample size should also examine the 
effects of sport-specific exercises and improved stan-
dardization of performance of exercises, as well as 
long-term effects of such interventions. 
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ABSTRACT

Background and Purpose: Researchers have used an injury risk algorithm utilizing demographic data, 
injury history, the Functional Movement Screen™ (FMS™) and Lower Quarter Y Balance Test™ (YBT™) 
scores to categorize individual injury risk. The purpose of this study was to identify if a group-based hybrid 
injury prevention program utilizing key factors from previous research with the addition of an individual-
ized approach can modify the injury risk category of athletes.

Study Design: Cohort Study

Methods: Forty-four female subjects (ages 14-17) were recruited from a local high school soccer team. Pre-
participation testing included demographic data, injury history, FMS™ and YBT™ to determine if each ath-
letes’ injury risk category using the Move2Perform algorithm. Post-testing took place after an eight-week 
exercise-based intervention program was completed. McNemar analysis was utilized to assess changes in 
the injury risk categories. 

Results: A significant number of athletes (21 of 44) moved to lower risk categories at posttest (p=0.000; 
Z=-3.869). Of the 32 athletes in the High Risk category at pretest, 16 were Low Risk after the intervention 
(p=0.002). 

Conclusions: A preseason, group injury prevention training program with individually prescribed correc-
tive exercises, resulted in a significant number of subjects decreasing their injury risk category. The pri-
mary statistically significant decrease of injury risk category was seen in the Moderate Risk individuals 
moving down to Slight. There were three athletes that moved from the Substantial Risk category to Slight, 
however, this change was not statistically significant. 

Key Words: Movement system, injury prevention training program, risk category
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INTRODUCTION
With over seven million students participating in high 
school athletics alone, the yearly occurrences of sports 
related injury are very high. Injuries range from one 
day of lost time to career limiting injuries. Potential 
career limiting injuries like anterior cruciate ligament 
tears, ulnar collateral ligament tears, and compound 
fractures are on the rise across the spectrum of little 
leaguers to professional athletes.1,2 Despite the pres-
ence of injury prevention programs, sports injuries are 
a continued problem with an estimated two million 
injuries occurring annually.1 While injury prevention 
programs like FIFA 11+, the PEP program, and Sports-
Metrics have been shown to decrease injury rate, they 
do not work for all populations or even all individuals 
in the population.3 One reason that these programs 
might not work in all cases is that injury risk is mul-
tifactorial and the aforementioned programs are not 
individualized nor comprehensive with their inter-
ventions. For example, FIFA 11+ includes a variety of 
running, strength, plyometric and balance exercises, 
but no exercises to address commonly present mobil-
ity restrictions. SportsMetrics focuses on jumping and 
landing mechanics, but lacks other evidence-based 
injury prevention interventions to address balance, 
core, strength and/or mobility. Since injury risk is 
multifactorial and each individual has unique defi-
cits, it seems logical to individualize the interventions 
as much as is practical. This individualization would 
address additional domains, potentially resulting in a 
greater injury risk reduction.

Researchers have identified multiple risk factors 
that increase risk of injury, with previous injury 
being the most consistently reported risk factor.4 
Other variables such as low or high body mass index, 
faulty biomechanics, core motor control deficits, 
and muscle flexibility deficits have also been iden-
tified as risk factors.4 Knee valgus with drop jump 
landing has been identified as another risk factor for 
anterior cruciate ligament tears in female athletes.5 
To complicate matters further, each individual may 
possess different combinations of risk factors. Thus, 
group programs may spend too much time on a par-
ticular risk factor for an individual that does not pos-
sess that problem, and too little time on risk factors 
that are more profound for the individual thereby 
under or overdosing specific prevention efforts.

Identifying risk factors is beneficial in order to begin 
the process of prevention, however, screening for 
every risk factor is not practical. The Functional 
Movement Screen™ (FMS™) and Y-Balance Test 
Lower Quarter (YBT-LQ™) are two tools that have 
emerged in the literature as field-expedient options 
to capture multiple risk factors efficiently.6–21 The 
FMS™ is a series of tests that can screen a person’s 
ability to perform seven fundamental bodyweight 
tasks, scored on an ordinal scale from 0-3. Initial 
research of the FMS™ identified a cut score of ≤14 
on FMS™ to be predictive of injury risk in American 
football players.12,19 This cut point was supported 
by a recent meta-analysis, which concluded that 
individuals scoring ≤14 had an OR of 2.74 (95% CI 
1.70-4.43).22 Additionally, at least one asymmetry in 
hurdle stepping, lunging, active straight leg raising, 
or quadruped diagonal reaching patterns was associ-
ated with increased risk for a time-loss musculoskel-
etal injury in American football players22 and later 
confirmed by Mokha et al23 as a risk factor for poten-
tial musculoskeletal injury in Division II athletes. 
The Y Balance Test Lower Quarter™ (YBT-LQ™) is a 
test that measures a person’s dynamic motor control 
at his or her limits of stability. Three studies have 
explored the relationship between scores on the 
YBT-LQ™ and future injury.15,16,24 Researchers have 
found that cutoff composite scores vary based on 
variables such as sport, gender, and age, but can be 
highly sensitive in detecting increased injury risk, 
making the YBT-LQ™ a useful screening tool. Asym-
metries in the anterior and posteromedial reach on 
the YBT-LQ™ have been shown to increase risk for 
injury in active populations.16,25 

Researchers have developed a computer algorithm 
(Move2Perform, Functional Movement Systems, 
Chatham, VA) that can synthesize multiple risk fac-
tors including demographic factors, injury history, 
and results of field-expedient tests (including the 
FMS™ and YBT-LQ™) to place an athlete into one 
of four categories according to risk level. The soft-
ware algorithm further uses population specific cut 
points to place the athlete in the risk category. Lehr 
et al3 established a significant association between 
the risk category of an athlete identified by the com-
puter algorithm and noncontact lower extremity 
injury in collegiate athletes. Athletes who were in 
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the Substantial and Moderate Risk were 3.4 times 
more like to sustain an injury compared to those in 
Slight or Optimal groups.3

While athletes at high risk for injury may be able to be 
identified by the Move2Perform algorithm, the ques-
tion remains if risk category can be modified. Both 
the FMS™ and YBT-LQ™ have been identified as modi-
fiable with exercise. Kiesel et al27 found that utilizing 
a seven-week off-season intervention program, 52% 
of professional football players in the program were 
able to score above the injury cut score of 14. Indi-
vidualized corrective exercises were prescribed based 
on each player’s specific deficit on the FMS™ and the 
athletes had a supervised progression of these correc-
tions over the course of seven weeks.27 A randomized 
controlled trial performed by Bodden et al28 also iden-
tified the FMS™ is modifiable with the prescription of 
corrective exercises over a course of four and eight 
weeks in mixed martial arts athletes.28 The YBT-LQ™ 
and SEBT have also been shown to be modifiable with 
an exercised based program. Steffen et al29 identified 
a significant improvement of functional balance as 
tested by the SEBT in athletes who highly adhered 
to the FIFA 11+ program which included a 20 min 
warm-up consisting of 15 single exercises that focused 
on strength, plyometrics, agility and field balance 
techniques. Those athletes also were identified as 
having a 72% reduction of injury risk based on their 
improvements on the SEBT.29 Thus, FIFA 11+ appears 
to be effective at reducing injury risk, but may ben-
efit from the addition of an individualized approach 
to further decrease injury risk. 

A systematic approach to injury prevention should 
take the best available evidence and apply it in a 
logical manner. Since group injury prevention pro-
grams have been shown to decrease injury rate,30–

32 it would be prudent to include the components 
of these programs that demonstrate effectiveness. 
There are also several other variations of injury 
prevention training protocols within the literature 
which include strength training, coordination, speed 
and agility, flexibility, balance training, and jump-
ing. Rossler et al32 found a 46% reduction in injuries 
in organized youth sports with the implementation 
of an exercise-based injury prevention program 
and further identified the need for jumping/plyo-
metric exercises being particularly relevant for the 

reduction. Among the 21 studies reviewed by Rossler 
et al,32 each study included either a progressive dif-
ficulty level that increased weekly or a continuous 
difficulty level which increased at each session. 
There are lots of variability in session time frames 
as some injury prevention programs included only 
a five-minute warm-up, while others lasted for 30 
minutes. Overall, Rossler et al32 found that all injury 
prevention programs were significantly effective 
in children and adolescents with the greatest risk 
reduction in the sub-elite athlete. 

While it appears exercise-based injury prevention 
programs decrease risk of injury and improve scores 
on functional movement and balance testing, no 
current research has identified if the Move2Perform 
injury risk category can be modified. Therefore, the 
purpose of this study was to identify if a group-based 
hybrid injury prevention program utilizing key fac-
tors from previous research with the addition of an 
individualized approach can modify the injury risk 
category of athletes.

METHODS
This study was approved by the University of Evans-
ville’s Institutional Review Board. Fifty-four high 
school female soccer players were enrolled in the 
program over the course of three years, with forty-
four athletes included in participation of the pro-
gram. All players were educated on the program and 
testing involved. Inclusion criteria included: 14-17 
years old, female, current athlete in preseason of 
their sport. Subjects were excluded from the program 
if they had a current injury or were not medically 
cleared to participate. Previous injury was defined 
as ‘any injury occurring during athletic activity 
resulting in medical attention and/or the removal 
of the player from the current session and/or sub-
sequent time loss of at least one athletic session 
(match or practice) as a direct result of that injury.’26 
All of the subjects were under legal age, therefore 
parental informed consent and release of testing 
information for research use was obtained in order 
to house athlete’s data within the Move2Perform 
database. Each athlete’s data was pulled from the 
Move2Perfom database and deidentified for statisti-
cal analysis. Program design included individually 
prescribed corrective exercises and 14 supervised 
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group sessions that included jump, agility, and core 
training over the course of eight weeks.

Testing
Testing was performed on all 44 subjects at the 
beginning of the eight-week training session. Testing 
included demographic data, injury history, FMS™ 
and YBT™ testing which identified each athlete’s 
injury risk category per Move2Perform algorithm. 
Each athlete was categorized in one of the follow-
ing categories: Substantial deficit, Moderate deficit, 
Slight deficit, or Optimal. Each athlete was re-tested 
with the aforementioned protocol after they com-
pleted the eight-week training program.

Training Sessions
After their initial Move2Perform category was iden-
tified, each athlete received corrective exercise 
strategies based upon their FMS™ and YBT™ scores 
regardless of their category. Corrective exercise pre-
scription was based upon the hierarchy of the Func-
tional Movement Systems model in which deficits in 
symmetry, mobility, and stability were identified and 
ranked. Once those areas of deficit were identified 
each athlete received their three individualized cor-
rective exercise strategies to perform as part of their 
warm-up and cool-down during the training program.

Athletes participated in an eight-week group pro-
gram which included supervised sessions, two days 
per week. Each session consisted of each athlete’s 
corrective exercises, a functional warm-up based on 
the FIFA 11+, three 20-minute circuits that included 
jump training, core strengthening, and agility train-
ing, and a cool-down consisting of each athlete’s 
corrective exercises. The program followed a struc-
tured progression with each circuit increasing in dif-
ficulty and complexity of movement pattern over 
the course of eight weeks. See Appendix 1 for more 
detailed description of the program.

Statistical Methods
The primary outcome for this study was change in 
risk category. Significant changes in the four risk 
categories (Substantial, Moderate, Slight, and Opti-
mal) were determined using a Wilcoxon Signed 
Ranks Test with significance set at 0.05. An addi-
tional analysis was performed using a modified risk 

cutoff based on the results from Lehr’s study, which 
condensed Moderate and Substantial categories to a 
single to “High Risk” category, and Slight and Opti-
mal to a single “Low Risk” category. Change across 
this risk threshold was determined using a McNe-
mar’s test, with significance set at 0.05.

RESULTS
Fifty-four athletes participated in pretest. Ten ath-
letes did not complete the program due to financial 
constraints (four participants) of participation or 
other schedule conflicts (six participants). No inju-
ries were sustained during participation in the pro-
gram, therefore forty-four athletes were included in 
the final analysis. 

A Wilcoxon Signed Ranks test was used to determine 
change in risk category from pretest to posttest. 
Twenty-one athletes had an improved risk category 
(i.e. movement to a lower risk category), two ath-
letes had decline in risk category (i.e. movement 
to a higher risk category), and twenty-one athletes 
were ties (i.e. no change in risk category). Figure 1 
illustrates the movements of athletes by category 
at pre-test and post-test. The improvement in risk 
category from pretest to posttest was significant 
(p=0.000, Z=-3.869).

Of the forty-four athletes, thirty-two were in the High 
Risk (Substantial and Moderate Risk combined) cate-
gory at pretest. At posttest, sixteen of the athletes in 
the High Risk category had moved to the Low Risk 
(Slight and Optimal Risk combined) category. More 
specifically, at pre-test there were 11 athletes in the 
Substantial Risk category and five remained at post-
test, 21 athletes in Moderate category at pre-test and 
11 remained at post-test, and there were 10 athletes 
in Slight category and two in Optimal category at 
pre-test which remained in their measured category 
at post-test. The results of the McNemar’s analy-
sis revealed that the number of High Risk athletes 
moving to the Low Risk category was significant 
(p<0.000; see Table 1). Figures 2 and 3 indicate the 
total number of participants in each risk category at 
pretest and at posttest. 

DISCUSSION
The purpose of this retrospective  study was  to 
determine if injury risk category as defined by 
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Move2Perform is modifiable. It has been suggested 
in previous research that categorizing athletes with 
efficient screening tools allows for prioritization of 
prevention strategies.4 To the authors’ knowledge, 
this is the first study to look at the ability to change 
Move2Perform injury risk category based on an 
injury prevention training program and/or individu-
alized treatment. The program in this study utilized 
an individualized group intervention strategy, which 
included individualized corrective exercises based on 
FMS™ and YBT™ scores, jump training, agility drills 
and core strengthening. The results of this study 
showed that nearly 48% of athletes moved to a lower 
risk category following intervention. This finding is 
consistent with previous intervention studies look-
ing at interventions to improve either the FMS™ or 

Figure 1. Participant injury risk category movement from pre-test to post-test.

Table 1. 2x2 table calculated with McNemar’s analysis 
demonstrating signifi cant movement of participants in the 
High Risk group pretest to the Low Risk group at posttest.
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Figure 2. Participant total per category at pre-test.
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Figure 3. Participant total per category at post-test.
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the YBT-LQ™.6-14 Therefore, an individualized group 
injury prevention program can be beneficial in not 
only improving performance on the FMS™ and YBT-
LQ™, but may alter risk category as well.

Using Lehr’s modified categories, 50% of athletes in 
the High Risk category moved to Low Risk at post-
test. While this change is statistically significant, 
its clinical relevance is likely more important. Ath-
letes in the High Risk category have been reported 
to be 3.4 times more likely to sustain an injury 
compared to their Low Risk peers per Lehr et al,4 
therefore crossing the threshold from the High Risk 
to Low Risk category may decrease injury risk but 
this needs to be studied further. Movement within 
groups was primarily seen in the athletes who were 
in the Moderate risk category at pre-test. Sixty-two 
percent (13 athletes) of the Moderate Risk pre-test 
athletes moved into the Slight Risk category at post-
test which was a statistically significant change 
(p<0.0001). The researchers believe this holds clini-
cal significance as well, by demonstrating the ability 
for a clinician to triage the Moderate risk athletes 
into a group training program in order to potentially 
decrease their injury risk level. The clinical appli-
cation would include utilizing the pre-testing pro-
tocol and injury risk categorization, then enrolling 
athletes that are in either the Moderate, Slight, or 
Optimal injury risk categorization into an individu-
alized group training program like the one this study 
describes. By following that protocol at pre-season, 
the remaining athletes in the Substantial Risk cat-
egory would be able to have more individualized 
assessment and treatment which would in turn 
lessen the burden on the clinicians triaging care. 

Athletes that are categorized in Substantial Risk are in 
that category due to current injury, current pain, and/
or substantially poor movement competency. Basic 
movement competency means an athlete is able to 
exhibit a full array of range of motion, body control and 
movement awareness in various postures. All three 
of these characteristics are major risk factors for sub-
sequent time-loss injury. The authors hypothesized 
the Substantial Risk category athletes would not see 
enough injury risk factor reductions from implemen-
tation of a group injury prevention training program 
(albeit a partially individualized program) because 
the program was too high level for the demonstrated 

movement competency, and/or athletes were experi-
encing pain at pre-test, and/or athletes were currently 
injured at pre-test. There were three outliers that did 
move from Substantial Risk to Slight Risk category. 
Looking at each of those athlete’s pre-test information 
compared to their post-test, there was not a clear pat-
tern of why those individuals improved and others in 
Substantial category did not. Two of the athletes had 
pain at pre-test in the upper extremity that they did 
not report at post-test which allowed for a decrease 
in a significant risk factor. The other athlete was able 
to demonstrate improved YBT-LQ™ composite scores 
and cleared asymmetries within the FMS™ which 
allowed for movement to a lower risk category. The 
movement between categories of those three athletes 
was not statistically significant. Future research with 
a larger sample size may shed more light on if an indi-
vidualized group training program does in fact mod-
ify the Substantial Risk athlete’s category similarly to 
the decrease seen in the Moderate Risk group. At this 
time the authors’ recommendation for the Substantial 
Risk athlete’s care would be to have more formalized 
assessment of the risk factors causing the athlete to 
be rated as substantial and then for each athlete to 
receive individualized treatment. 

There were a few limitations identified by the 
authors. One limitation of this study is the lack of 
control group, which precludes a clear cause/effect 
relationship as no randomization occurred. Thus, it 
also cannot be determined the relative contribution 
of each of the parts of the intervention to changing 
risk category. A second limitation was a lack of con-
trol of co-interventions which may have influenced 
the outcomes of the study. Although the authors 
have no reason to believe this impacted the results 
of the study, the participants may have received 
additional interventions such as personal training, 
weight lifting, massage and/or chiropractic care. 
There also was no short-term or long-term follow-
up to identify if the change in injury risk category 
was maintained over time. And finally, due to the 
retrospective nature of this study, full demographic 
data (height and weight) on the participants was not 
obtained. Additional research should focus on the 
maintenance of injury risk categories and the actual 
injury risk reduction occurred once an individual’s 
category has been modified.
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Although the specific results of this study cannot be 
generalized beyond the population tested, matching 
Moderate, Slight and Optimal Risk category athletes 
with a standard individualized group injury preven-
tion program appears to do no harm and signifi-
cantly benefit those in the Moderate Risk category. 
Matching the Substantial Risk category athletes with 
an individualized treatment program may also allow 
ideal allocation of available resources in the high 
school athletic training room to the individuals that 
need it the most. Therefore, it will be beneficial to 
perform additional studies with a larger sample size 
to increase the external validity as well as confirm 
the broad use of this injury prevention method. 

CONCLUSIONS
Th e results of the current study indicate that an 
athlete’s injury risk category can be altered; how-
ever, the strategy to implement is dependent on the 
athlete’s initial risk category. Group injury preven-
tion training programs can be utilized to change the 
injury risk category in athletes who are categorized 
as either Optimal, Slight or Moderate, but a more 
individualized approach may be needed for athletes 
that fall in the Substantial risk category. Utilizing the 
Move2Perform algorithm can be beneficial during 
pre-participation physicals to identify an athlete’s 
injury risk category and also provide a good filtering 
system for utilization of injury prevention resources. 
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ABSTRACT
Background: Non-arthritic hip pain is defined as being related to pathologies of the intra-articular structures of the hip that can 
be symptomatic. A trial of non-operative management is commonly recommended before consideration of surgery for individuals 
with non-arthritic hip conditions. There is a need to describe a non-operative or conservative treatment plan for individuals with 
non-arthritic hip pain.

Purpose:  The purpose of this literature review was to systematically examine the literature in order to identify and provide evi-
dence for non-operative or conservative management of individuals with non-arthritic hip pain. A proposed home exercise pro-
gram will be provided for individuals with non-arthritic hip pain.

Study Design: Review of the Literature.

Materials/Methods: A literature search of PubMed, Medline, SPORTSDiscus, and CINAHL was conducted. Keywords included: 
“hip” AND “femoroacetabular impingement” OR “labral tear.” Studies were included if they described non-operative management 
for individuals with non-arthritic hip pain. Studies were excluded if they recommended a trial of conservative treatment without 
specific management or interventions and/or activity modification without specific details for intervention.

Results: A total of 49 studies met the eligibility criteria and were included in the review. Rehabilitation recommendations were 
identified from manuscripts including clinical trials, case series, discussion articles, or systematic reviews related to the non-
operative or conservative management of non-arthritic hip pain. Rehabilitation interventions focused on patient education, activ-
ity modification, limitation of aggravating factors, an individualized physical therapy protocol, and use of a home exercise 
program.

Conclusions: Rehabilitation should address biomechanical deficiencies with neuromuscular training of the hip and lumbopelvic 
regions. While the current literature on non-operative management is limited, future randomized control trials will establish the 
effectiveness of specific physical therapy protocols for individuals with non-arthritic hip pain. 

Level of Evidence: 3b
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INTRODUCTION
 Non-arthritic hip pain is described as being related 
to pathologies of the intra-articular structures of the 
hip that can cause pain including femoroacetabular 
impingement (FAI), dysplasia, structural instability, 
acetabular labral tears, chondral lesions, and liga-
mentum teres tears.1-3 These conditions primarily 
occur from microtrauma associated with dynamic 
movement between the proximal femur and the ace-
tabulum.1,4 When left unaddressed, FAI, dysplasia, 
and structural instability can lead to the progression 
of acetabular labral tears, chondropathy, and poten-
tially osteoarthritic change.5-11 

 Arthroscopic surgical procedures to address struc-
tural abnormalities, decrease pain, and improve 
function have significantly increased over the past 
decade.12-16 However, a recent systematic review 
found that there is a high prevalence of structural 
deformities in asymptomatic individuals.17 Addition-
ally, musculoskeletal impairments such as strength 
deficits associated with non-arthritic pathology are 
not necessarily addressed with surgery.18 Deficien-
cies in the surrounding hip region musculature may 
lead to joint instability and excessive motion contrib-
uting to structural damage, pain, and decreased func-
tion.18-20 It may be possible to decrease intra-articular 
stresses in the presence of structural abnormalities, 
through management of muscular deficiencies and 
avoid the need for surgical correction. An evalua-
tion algorithm and treatment classification has been 
outlined to identify those with non-arthritic hip con-
ditions that might benefit for a prioritized non-oper-
ative treatment program.21,22 

A trial of non-operative management is commonly 
recommended before consideration of surgery, how-
ever specific interventions remain a point of con-
troversy. Considering that not all individuals will 
benefit from surgical intervention and the possibil-
ity for management of extra-articular deficiencies 
to relieve symptoms, a non-operative or conserva-
tive treatment plan needs to be described for non-
arthritic hip pain.  The purpose of this literature 
review was to systematically examine the literature 
in order to identify and provide evidence for non-
operative or conservative management of individu-
als with non-arthritic hip pain. A proposed home 
exercise program will be provided for individuals 

with non-arthritic hip pain. The information attained 
will assist clinicians in making treatment decisions 
based on the current standard of care for manage-
ment of non-arthritic hip conditions. 

METHODS
A search of the PubMed, Medline, SPORTSDiscus, 
and CINAHL databases was conducted to include 
articles from 1997 until July 2017. Manuscripts 
were identified that presented clinical trials, case 
series, discussion articles, or systematic reviews for 
non-operative or conservative management of non-
arthritic hip pain. The search excluded single series 
case reports, abstract-only publications, and editorial 
commentary. The following key words were used in 
combination for searching the electronic databases: 
“hip” AND “femoroacetabular impingement” OR 
“labral tear.” 

The literature search included research articles if 
they met the following criteria: 1) written in Eng-
lish, 2) published in a peer-reviewed journal from 
1997 until August 2017, and 3) described non-oper-
ative or conservative management for individuals 
with non-arthritic hip pain. Studies were excluded if 
they recommended a trial of conservative treatment 
without specific management or physical therapy 
interventions and/or activity modification to avoid 
extreme ranges of motion without specific details 
for intervention. The primary author reviewed the 
abstracts of all references retrieved from the search 
and duplicates were removed. From this search, full 
length publications were retrieved, and the refer-
ence lists of these articles were reviewed for any 
additional relevant manuscripts. 

RESULTS
 The initial search identified a total of 2,147 research 
articles. After applying the inclusion/exclusion cri-
teria and performing an independent search of ref-
erence lists, a total of 49 studies met the eligibility 
criteria. Overall, there were 35 articles addressing 
FAI, four articles addressing acetabular labral tears, 
one article addressing dysplasia or structural insta-
bility, and nine articles addressing a combination 
of FAI, acetabular labral tears, dysplasia, structural 
instability, chondral lesions, and/or ligamentum 
teres tears as shown in Figure 1. 
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Thirty-two of the articles were review and/or discus-
sion studies, seven were experimental studies, and 
ten addressed feasibility (pilot) and protocol stud-
ies for future randomized controlled trials. These 
articles were categorized per their level of evidence 
based on the 2009 guidelines from the Oxford Cen-
ter of Evidence-Based Medicine.23 Further evalu-
ation of each article was performed for quality 
of evidence based on the established Grading of 

Recommendations Assessment, Development and 
Evaluation (GRADE) system with classification of 
studies as: “high quality”, “moderate quality”, “low 
quality”, or “very low quality.”24 The discussion and 
review articles were principally constructed on 
expert opinion Level 5 evidence, with the systematic 
reviews utilizing Level 2a and 3a evidence in order 
to analyze the experimental studies performed on 
individuals with non-arthritic hip pain.23 The expert 
opinions established in these discussion and review 
articles were classified as “very low quality” due to 
the uncontrolled nature of clinical observations.24   

Of the 32 review and discussion articles: 24 addressed 
FAI, three addressed acetabular labral tears, one 
addressed dysplasia or structural instability, and four 
addressed a combination of FAI, acetabular labral 
tears, and dysplasia or structural instability. These 
articles provided comprehensive non-operative man-
agement recommendations, a synthesis of which is 
provided in Table 1. Of the seven experimental stud-
ies: three addressed FAI and four addressed a com-
bination of FAI, acetabular labral tears, dysplasia or 
structural instability, chondral lesions and/or liga-
mentum teres tears. Of these these four were case 
series (three prospective and one retrospective), one 
was a prospective clinical outcomes study, one was 
a retrospective matched analysis study, and one a 
descriptive epidemiological study. Detailed descrip-
tions of these studies are found in Table 2. Of the 
10 articles addressing future randomized controlled 
trials: eight were established for patients with symp-
tomatic FAI and two were established for patients 
with intra-articular hip pain, including FAI, acetabu-
lar labral tears, and structural instability/dysplasia. 
Details pertaining to the specific study design, meth-
odology, and results for the six protocol studies and 
four feasibility studies are provided in Table 3. No 
randomized control trials were identified.

Figure 1. Search Results of the PubMed, Medline, SPORTS-
Discus, and CINAHL databases.

Table 1. Recommended Therapeutic Interventions from Review and 
Discussion Articles.
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Table 2. Experimental Studies for Conservative Management of Individuals with Non-Arthritic Hip Pain.
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Table 3. Studies Addressing Future Randomized Controlled Trials in Individuals with Non-Arthritic Hip Pain.
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Rehabilitation interventions throughout the identi-
fied studies including patient education, activity 
modification, limitation of aggravating factors, per-
formance of an individualized physical therapy pro-
tocol, and performance of a home exercise program, 
have been shown to decrease pain and improve func-
tion in patients with non-arthritic hip pain. Inter-
ventions should focus on addressing neuromuscular 
deficits with rehabilitation of the hip and lumbopel-
vic regions. Exercise suggestions gleaned from the 
included studies were used to generate a proposed 
home exercise program for individuals with non-
arthritic hip pain are presented in Appendix A.25

DISCUSSION
This literature review identified studies related to 
non-operative or conservative care in the treatment 
of individuals with non-arthritic hip pain. Discus-
sion and/or review articles, experimental studies, 
and randomized control feasibility and protocol 
studies addressing management of individuals with 
FAI, acetabular labral tears, dysplasia, structural 
instability, chondral damage, and ligamentum teres 
tears were evaluated. From these studies, several 
concepts were identified that should be considered 
when beginning all non-operative management 
plans including: patient education,26-28 symptom 
control (with the use of non-steroidal anti-inflam-
matory drugs),29-32 identification of aggravating 
activities,31,33 modification of these activities with a 
focus on limiting extreme ranges of motion,29-31,34,35 
and initiation of therapeutic interventions within a 
physical therapy protocol.33,36,37 Therapeutic inter-
ventions should consist of addressing neuromuscu-
lar deficits with training of the hip and lumbopelvic 
regions. 

Physical therapy interventions that were described in the 
discussion and/or review articles included: hip muscu-
lature strengthening (specifically the hip abductors and 
deep external rotators);3,26,29,30,32,34,36,38-52 pelvic position-
ing and stability related to posture;29,30,33,34,36,38,43,44,46-51,53,54 
core muscle strengthening;29-31,33,34,37,38,40,43,45,46,53,55,56 neu-
romuscular training focused on hip and lumbopelvic 
stability;3,34,35,37,38,42,45,46,48,50-52,54 stretching and flexibility 
for the surrounding hip musculature;3,30,32,33,36,39,44-46,51,55,57 
inclusion of manual therapy interventions focusing 
on soft-tissue mobilization of surrounding structures 

of the hip;32,34,41,42,45-47,50,51,54,57,58 dynamic biomechanical 
control including proprioception, balance, and coor-
dination training;3,37,38,41,42,45-48,52 and gait training to 
address pathological adaptations with use of orthotics 
if necessary.47,48,50,52 It is recommended that all physi-
cal therapy interventions should be prescribed and 
performed on an individualized basis. 

The goal of rehabilitation should be to establish 
dynamic stabilization of the surrounding hip mus-
culature and concurrent core and pelvic control to 
prevent accessory motion of the hip joint during 
complex activities.34,50 Neuromuscular training of 
the hip and lumbopelvic regions is important for 
establishing motor control during sports-related 
activities.50,51 Of note, the discussion and review arti-
cles were principally constructed on expert opinion 
(Level 5 evidence), with the systematic reviews uti-
lizing Level 2a and 3a evidence in order to analyze 
the experimental studies performed on individuals 
with non-arthritic hip pain.23 Recommendations in 
the current literature review are based on “low” or 
“very low quality” evidence due to the uncontrolled 
nature of the clinical observations.24

The experimental studies included in this litera-
ture review include Level 4 (case series & descrip-
tive epidemiological study), Level 2b (retrospective 
matched analysis), and Level 2c (clinical outcomes 
study) evidence, for the use of non-operative man-
agement of individuals with FAI, dysplasia, and 
structural instability. Three case series (two pro-
spective59,60 and one retrospective61) specifically 
addressed management of individuals with the diag-
nosis of FAI. While two of these studies60,61 did not 
specifically define the non-operative management 
plan that was utilized, Emara et al.59 demonstrated 
a successful plan utilizing four stages of conserva-
tive treatment that included: avoidance of physi-
cal activity with symptom control during the acute 
stage, physical therapy with stretching exercises for 
two to three weeks, assessment of normal hip ROM, 
and modification/adaptation of ADL’s. Prolonged sit-
ting during this time frame was avoided, but if nec-
essary it was recommended that individuals lean 
backwards periodically to decrease hip flexion and 
elicitation of impingement causing posture.59 Thirty-
three of the 37 patients (89%) had positive results 
from the conservative management plan with both 
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the mean Harris Hip Score and non-arthritic hip 
scores improving from 72 to 91 (out of 100) over a 
24-month period and visual analog scores for hip pain 
decreasing from 6 to 2 over the same timeframe.59 
The results of this case control study suggests that 
an intervention focused on activity modification and 
physical therapy can significantly improve hip func-
tion and decrease symptoms in individuals with FAI.

Three experimental studies addressed non-opera-
tive management of intra-articular disorders includ-
ing FAI, acetabular labral tears, dysplasia, chondral 
lesions and ligamentum teres partial tears.27,28,62 Two 
of these studies provided specifics of non-operative 
management including the case series by Yazbek 
et al.28 demonstrating a decrease in pain, improve-
ment in functional movement, and increased lower 
extremity muscular balance in four individuals. This 
was achieved by correcting abnormal joint move-
ment by emphasizing muscular strengthening and 
sensory motor training. When the muscle imbalance 
was corrected, the participants were progressed to 
a sports-specific functional training regimen and 
successfully returned to activity over a 12-week 
period.28 The case series performed by Hunt et al.27 
demonstrated a successful management plan in 23 
of 52 (44%) individuals with FAI, LT, and dysplasia 
over a 12-week period. All participants were taken 
through an individualized physical therapy protocol 
that emphasized femoral head motion by decreas-
ing the anterior glide within the acetabulum through 
muscle training and postural positioning of the pel-
vis.27 This study included a home exercise program 
but did not comment on the specifics beyond modifi-
cation and avoidance of everyday aggravating activi-
ties. As shown in Table 2, four of the experimental 
studies were classified as having “low quality” and 
three as having “very low quality” of evidence. 

Level 1 randomized controlled trials (RCT) are the 
type of study that will establish “high quality” evi-
dence for the cause and effect analysis of non-oper-
ative management for individuals with non-arthritic 
hip pain. While the current literature review did not 
identify any completed RCT’s to date, several feasi-
bility and protocol studies were available in the lit-
erature. The five feasibility studies provided in this 
review demonstrate that a sufficient accumulation 

of patients, physical therapists, and surgeons will-
ing to participate in future RCTs comparing: surgical 
vs. non-surgical management of FAI,63,64 movement 
pattern training (MPT) vs. no treatment for intra-
articular, non-arthritic hip pain,65 physical therapy 
vs. self-management of FAI,66 and a combination of 
manual therapy, physical therapy, and home exer-
cise vs. advice and home exercise for FAI.67 While 
feasibility studies demonstrate the willingness for 
participation; protocol studies serve to define the 
intended treatment and control populations, meth-
odology, and study design. They also establish the 
intended hypothesis or objectives that the future 
RCTs would pursue. Four protocol studies were iden-
tified in this review, with three describing the com-
parison of surgical vs. non-surgical management of 
FAI68-70 and a seven-day in-patient intervention vs. 
physical therapist led, outpatient intervention with 
home exercise program, for individuals with intra-
articular, non-arthritic hip pain.71 

A study conducted by Wall et al.25 established a sug-
gested rehabilitation protocol based off of a prior fea-
sibility64 and a protocol study.68 The Personalized Hip 
Therapy (PHT) protocol provides the specific non-
operative management that will be utilized in the 
FASHIoN RCT.25 The authors identified four rehabili-
tation components that were to be utilized in their 
future RCT including: a detailed patient assessment, 
education and professional advice, symptom control 
and pain relief, and an individualized exercise-based 
program.25 Optional, individualized management 
was also included for treatment of coexisting symp-
toms, use of orthotics for biomechanical abnormali-
ties, use of corticosteroid injections for patients with 
severe pain, and manual therapy interventions.25 A 
home exercise program will be provided for each 
individual participating in the non-operative group 
of the RCT. 

This literature review has attempted to assimilate 
the current evidence for use of non-operative or 
conservative care for individuals with non-arthritic 
hip pain and suggest an exercise program. The infor-
mation provided herein may benefit clinicians in 
making treatment decisions based on the current 
peer-reviewed literature. The provided home exer-
cise program reflects the author’s compilation of 
exercises utilized within the peer-reviewed literature 
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and could be performed along with an individual-
ized rehabilitation protocol.  There are limitations to 
this proposed home exercise program that need to 
be considered when applying the information pre-
sented. The proposed rehabilitation interventions 
and compiled home exercise program are based 
on the authors interpretation of the current peer-
reviewed literature. These recommendations may 
not be the only viable options for non-operative 
management of individuals with non-arthritic hip 
pain. No cause and effect relationships between the 
proposed exercises and outcomes can be inferred. 

CONCLUSIONS
In general, the results of this literature review indi-
cate that rehabilitation intervention focused on 
patient education, activity modification, limitation 
of aggravating factors, an individualized physical 
therapy protocol, and a home exercise program, can 
decrease pain and improve function in patients with 
non-arthritic hip pain. Interventions should focus on 
addressing neuromuscular deficits with training of 
the hip and lumbopelvic regions. While the current 
literature on non-operative management is limited, 
future randomized control trials will establish the 
effectiveness of specific physical therapy protocols 
for individuals with non-arthritic hip pain. 
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Exercise 3: Side Lunge 

• Start with the feet shoulders width apart.
• Lunge to the side without shifting the hip or trunk, 

return. 
• Maintain an upright core with a straight back 

position. 
• Perform on both sides.

Exercise 4: Wall Slides

• Stand with the back against a wall and feet 18 
inches from the wall.

• Slide down so that knees are slightly bent 
(~45°-60°).

• Do not go past 90°of knee flexion and keep the 
knees over the second toes.

• Hold for 15 seconds.

APPENDIX A: NON-ARTHRITIC HIP PAIN 
HOME EXERCISE PROGRAM

Exercise 1: Standing Hip Abduction 

• Stand with feet together.
• Squeeze both gluteus muscles and lift leg with 

knee bent at a 45° angle.
• Maintain core, pelvis, and shoulder alignment 

without allowing any movement of your pelvis.
• Move the lifted leg away from midline, by rotating 

outward.
• Maintain a contracted gluteus muscle and the 

standing knee over the second toe.
• Hold for 3 seconds.
• Perform on both sides.

Exercise 2: Mini-Lunge

• Start with a wide stance.
• Lunge forward keeping the lunging knee over the 

second toe.
• Do not bend the knee past the front of the toes.
• Hold for 5 seconds.
• Perform on both sides. 
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Exercise 7: Side-to-Side Walk

• Perform a side-to-side walk with comfortable 
stance.

• Step width should maintain a balanced trunk and 
upper extremities.

• Do not overextend laterally. 
• Maintain slightly bent knees (~45°-60°).
• Perform in both lateral directions for 15 feet.

Exercise 8: Step-Down 

• Stand on stool or raised surface.
• Maintain a straight back with unaffected leg off 

the stool or raised surface.
• Allow unaffected leg to drop until the heel 

touches the ground by bending the hip and knee, 
return. 

• Keep the knee over the second toe.
• Return to starting position.

Exercise 5: Single leg balance 

• Stand with the non-affected leg towards and touch-
ing the wall, with feet shoulders width apart. 

• Lean against a wall with the non-affected leg lifted 
to 90°. 

• Isometrically press the non-affected leg against 
the wall.

• Balance on the affected leg with knee slightly 
bent and knee over second toe. 

• Hold for 5 seconds.

Exercise 6: Eccentric Hamstring Stretch

• Stand on the affected leg with knee slightly bent 
and arms out to side.

• Maintain a straight back and lean forward
• Extend the hip and knee trying to keep body par-

allel with the floor.
• Hold for 3 seconds.
• Slowly return to starting position.
• Perform on both sides.
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Exercise 11: Hip Extensions 

• Begin on hands and knees. 
• Maintain a straight back and contracted core.
• Extend leg while contracting gluteus muscles.
• Do not arch the back or lift the pelvis.
• Hold for 5 seconds.
•  Perform on both sides.

Exercise 12: Bridge 

• Lay on the ground with knees flexed.
• Lift hips as high as possible while maintaining a 

contracted core and gluteus muscles.
• Hold for 5 seconds.
• Lower to starting position.

Exercise 9: Single Leg Squat 

• Stand on the involved leg with back straight and 
opposite knee bent to 90°.

• Slightly bend the involved knee (~45°-60°) while 
keeping the knee over the second toe.

• Return to starting position.

Exercise 10: Hip Flexor Stretch 

• Kneel on floor with a straight back.
• Lean forward until a stretch is felt in the front of 

the back leg/hip.
• Do not let knee go in front of the toes.
• Hold for 5 seconds.
• Perform on both sides.



ABSTRACT

Background and purpose: Rotator cuff (RC) tendinopathy is a common disorder affecting many individu-
als, both in athletic and sedentary settings. Etiology of RC pathology or the most effective conservative 
treatment are not totally understood. The Mechanical Diagnosis and Treatment (MDT®) method is a widely 
known rehabilitative technique that allows therapists to diagnose and treat spinal, and peripheral mechani-
cal disorders. Therefore, the purpose of this clinical commentary is to briefly describe RC tendinopathy, 
and its management using the MDT® method.

Description of topic: RC tendinopathies are often named with several different terms, showing the diffi-
culty related unambiguous terminology and the diagnostic process. Pathologies at the glenohumeral joint 
are mostly labeled according to anatomy or the impaired tissues rather than in a functional way. MDT® 
examination allows mechanical disorders of the shoulder to be classified into categories that show good 
outcomes when treated accordingly.

Relation to clinical practice: The MDT® method may offer a practical, inexpensive, and effective solution 
to management of RC tendinopathies that present with a mechanical component.

Level of evidence: 5

Key words: McKenzie®, rehabilitation, shoulder.
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BACKGROUND AND PURPOSE
Rotator cuff (RC) tendinopathy is a very common prob-
lem of the shoulder complex,1-3 being the third most com-
mon musculoskeletal complaint,4 with poor long-term 
outcomes.5 Traditionally, the term tendinopathy indicates 
an unspecific tendon condition characterized by pain and 
impaired function as a result of improper tendon healing 
processes.6,7 The etiology of RC tendinopathy is not fully 
understood,8 and often there are imaging signs of tendi-
nopathy in the absence of pain and/or functional deficits,9 
making it difficult to precisely diagnose in a patho ana-
tomical manner.1 General orthopaedic tests and imaging 
sometimes have poor reliability,10-18 complicating the pro-
cess of diagnosis, and treatment. A clinical interpretation 
system for RC tendinopathies based on a non-anatomical 
classification as described by McKenzie and May19 may 
help clinicians better discriminate those patients who 
may benefit from mechanically-based treatments. There-
fore, the purpose of this clinical commentary is to briefly 
describe RC tendinopathy, and its management using the 
MDT® method.

BASIS OF ROTATOR CUFF TENDINOPATHY
RC tendinopathy etiology is still under debate,8 however, 
currently it is thought to develop when excessive loads 
exceed the healing capacity of tendon cells,20,21 with the 
tendon failing to repair properly.7,8 Intrinsic factors such 
as: age,22,23 vascularization,24-28 genetic components,29,30 
and extrinsic factors such as: anatomical/biomechanical 
problems,31-33 capsule tightness,34-36 muscle strength defi-
cits,37,38 abnormal scapular kinematics,39-41 and posture42,43 
have been theorized as contributors to development of RC 
tendinopathy. With the development of RC tendinopathy, 
there are biochemical changes that occur in both the ten-
don cell population and the extracellular matrix.21,26,44-47 
The typical changes include: an increased number of 
more elongated tenocytes,21,26 thinning of collagen fibers, 
hyaline degeneration, chondroid metaplasia, fatty infiltra-
tions, and an increased ratio of type III/type I collagen.44 
It appears that inflammatory cells are minimally present 
or may be absent in chronic tendon conditions.48-54

DIFFICULTIES WITH DIAGNOSIS OF RC 
TENDINOPATHY
Specific patho anatomical diagnoses are often utilized 
when dealing with people with RC tendinopathy.1,55 How-
ever, since not all shoulder conditions can be classified 
with a patho anatomical diagnosis1 and as a great variety 

of structures may concomitantly be involved,56-58 the reli-
ability of making such specific structural/anatomical 
diagnosis regarding the glenohumeral joint is poor.55,59 

Clinical and special tests generally employed to estab-
lish diagnoses have limited validity10-15,60-62 and there are a 
growing number of researchers who suggest that imaging 
findings should be cautiously taken into account in the 
process of diagnosis making.16-18,63 Moreover, there is no 
documented correlation between anatomical diagnostic 
labels and improved clinical outcomes.64

Some authors have gone beyond attempts at a patho-
anatomic diagnosis and suggested a mechanical classifi-
cation where interventions can be properly tailored11,64-67 
as already successfully demonstrated in other peripheral 
joints.9,68,69

MECHANICAL DIAGNOSIS AND 
TREATMENT APPROACH
The Mechanical Diagnosis and Treatment (MDT®) 
method (also known as the McKenzie® method) proposes 
a mechanical classification system based on patient his-
tory, symptoms monitoring, and response to repeated 
movements/maintained postures.19 Based on the MDT® 
assessment, individuals with disorders involving the 
extremities are classified into mechanical syndromes 
named: 1. Derangement 2. Dysfunction 3. Postural 4. 
Other.19

Derangement syndrome is theoretically caused by dis-
placement of tissues that disrupt the normal resting 
position and the physiological biomechanics of a joint.19 

This presents with a constant or intermittent pain and 
with mechanical signs that rapidly change during exami-
nation.19,70 A directional preference is identified when 
movement in a specific direction (may be more than one) 
improves patient symptoms and mechanical signs.71,72

Dysfunction syndrome presents with intermittent signs 
and symptoms attributable to loading and/or stretching 
of impaired tissues, for example: scarring, adherence, 
or faulty tissue repairs.67,72 Symptoms abate as loading is 
removed and structural changes are observed in the long 
period. In the extremities, dysfunction syndrome can be 
further divided into articular, and contractile dysfunction 
syndromes.19

Articular dysfunction syndrome is determined by restricted 
active (AROM) and passive range of motion (PROM), with 
symptoms emerging at end range of motion (E-ROM), 
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but not with resisted movements. Pain is therefore pro-
duced at E-ROM and abolished as soon as the joint is 
brought back to resting position.19 Pathology is classified 
as contractile dysfunction syndrome when pain is elicited 
during the arc of motion, with a substantially preserved 
ROM. Symptoms tend to arise with mid-range resisted 
movements and muscle elongation. In the short term, 
responses to movement repetitions are neither better nor 
worse.19

Postural syndrome occurs when there are signs due to 
loading of healthy soft tissue that quickly subside as soon 
as loading is removed. Pain is therefore intermittent, pro-
duced only by prolonged end-ranges postures that eases 
when the end-range position is avoided. The physical 
examination is normal and pathology is absent in postural 
syndrome. 67,72

In case when the MDT® evaluation does not help fit the 
clinical presentation within any of the aforementioned 
classification categories, the case falls into the “other” 
category. This includes, for example: acute trauma, 
post-surgery, inflammatory pathologies, and other 
conditions.19,67,72

According to a given MDT® classification, a specific exer-
cise strategy is indicated.

RC TENDINOPATHY IN THE MDT® ASSESSMENT 
AS A CONTRACTILE DYSFUNCTION
Since the key concept in contractile dysfunction is the 
impaired muscle-tendon healing or repair, testing pro-
cedures should focus on stressing those tissues through 
mechanical loading, for example in the form of isomet-
ric, concentric/eccentric contractions, and/or stretching. 
Patients with RC contractile dysfunction syndrome are 
mainly either young athletes or workers in their fifties or 
older, who frequently perform repetitive shoulder move-
ments. A specific event is not generally recognized as a 
reason of pain5 although the contractile dysfunction may 
be caused by a previous trauma, an inflammatory pro-
cess, or a degenerative process.19

On physical examination A ROM and P ROM are typically 
preserved while pain is intermittent and absent at rest. 
A ROM, resisted movements and muscle-tendon stretch-
ing produce pain that easily subsides when shoulder rests. 
Repeated movements do not improve pain and ROM in 
the short term as the remodeling process in the contrac-
tile dysfunction requires time to complete.73-75

During examination it is key to identify the target zone (if 
any) that basically corresponds to the most painful point 
through the arc of motion and at what point during that 
movement the pain is the highest. Commonly, the most 
affected movements result to be shoulder abduction/
scapular plane abduction specifically between 60° and 
120°.76 However, internal and external rotation or a com-
bination of shoulder movements may also be affected.67

MDT® AS AN INTERVENTION FOR RC 
TENDINOPATHY.
Since controlled loading facilitates remodeling of dys-
functional tissues,77-82 progressively loaded exercise 
programs for shoulder contractile dysfunction are advo-
cated.19,83 Programs should be selected for the symptom-
atic movement(s), with the aim of provoking pain that 
abates upon cessation of exercise. Conventionally, pro-
grams include loads that are applied progressively from 
a static to a dynamic manner through isometric, concen-
tric, and eccentric training.83,84

A typical MDT® exercise program for shoulder contractile 
dysfunction starts with 10 to 15 resisted isometric contrac-
tions every two hours in the target zone or at several angles 
of the movement if the pain is felt throughout the entire 
arc of motion as it is beneficial only at the angle where 
performed.85 (Figure 1) If the target zone is too painful, 
contractions can initially be applied near the target zone.

Figure 1. Isometric contraction in the target zone.
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Sessions are then progressed to concentric training in 
the target zone (if any) as pain during isometric exer-
cise improves. Otherwise, if there is not a target zone, 
concentric training is performed through the entire arc 
of motion, with light weight or an elastic resistance in 
the later stages. Concentric training is accomplished by 
abducting the involved arm (with resistance) starting from 
the side (Figure 2A) up to the final position (Figure 2B) 
where an operator removes the resistance for a new con-
traction. Alternatively, the subject can take off the weight 
with the free hand. According to symptomatic response, 
parameters such as: number of contractions, number of 
sets, angles speeds, and loads may be adjusted.86

Eccentric training is eventually employed when concen-
tric contractions with resistance no longer provoke symp-
toms. The intent is to help healing, fiber remodeling, and 
to limit recurrance.53,86,87 Therapeutic exercise may be 
applied limited to the target zone or over the entire arc 
of motion with a light weight in the later stages. Eccen-
tric training is accomplished by slowing down adduction 
of the involved arm with resistance (in this case, elastic 
resistance is depicted) from an initial abducted position 
(Figure 3A) to the side of the subject (Figure 3B). Then 
an operator removes the resistance for a new contraction 
or the subject can take off the weight/band with the free 

hand. Alternatively, eccentric training may be carried out 
with a pulley system as performed by Jonsson et al88 in a 
previous study.

DISCUSSION
RC pathology may generate from a series of problems, 
for example: acute/chronic inflammation, fibrosis, 
degenerative changes, impingement syndrome, partial 
or full-thickness RC tears.56,89-91 This makes it difficult for 
clinicians to differentiate between the involved struc-
tures,56,58,92 with some researchers questioning the valid-
ity of patho anatomical classifications.55,59 Some authors 
have instead demonstrated better outcomes when classi-
fications are not made upon anatomy, but on mechanical 
presentation.9,71,93-95

The MDT® assessment and classification system has 
been successfully utilized with good reliability in the 
spine,9,71,94,96-107 and over a series of peripheral joints and 
structures,108-113 with promising results when applied at 
the glenohumeral joint.70,83,114-118 In a survey conducted 
by May and Rosendale67 among therapists with a MDT® 
diploma (the highest level of training), 100% of the cases 
were classified according to the MDT® method, with about 
two thirds of the cases falling into one of the three major 
subgroups (derangement, dysfunction and contractile 

Figure 2. Concentric contraction with weight. A) Initial position, B)  Final position
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syndromes). MDT® assessment may help differentiate 
the origin of pain, for example: spinal or peripheral,19 and 
may help alert clinicians to non-mechanical conditions as 
in cases of malignancy.119

Therapeutic exercise and its progression is key in the 
MDT® method. Mechanical loading is in fact essential for 
tendon homeostasis,74,120,121 preventing negative effects of 
immobilization,122,123 and helping collagen turnover of the 
tendon.53 Treatments generally follow a progression from 
isometric training to eccentric training in the later stages. 
Since concentric training offers less tension than eccen-
tric training, it is more suitable in the initial stages,86 while 
eccentric training is generally prescribed in the later 
stages as it is thought to be more demanding.124 Eccentric 
training has become more and more popular over the last 
years on tendinopathies due to research with good clini-
cal outcomes,88,125-127 including research on shoulder dis-
orders.79,88,128,129 Eccentric training is proposed to drive the 
tendon biological response by remodeling internal archi-
tecture121 through the process of mechanotransduction.78

Although the MDT® method has an impact on signs and 
symptoms, it is also important to remember that RC 
pathology is probably due to several factors.33,52 There-
fore, combinations with other rehabilitative interventions 
may be beneficial when dealing with people with RC 

tendinopathies. As inflammation does not seem to have a 
primary role in tendinoapathies,44,45,48-54,130 the use of anti-
inflammatory drugs is discouraged as they may have neg-
ative effects on tendon healing.131-133 Alteration of shoulder 
muscle ratios, shoulder dyskinesis, and posterior capsule 
tightness have been recognized as modifiable contribu-
tors to the development of RC tendinoapthies,34-36,134-140 
may be addressed with specific muscle strengthening, 
and capsule stretching.141-147 Therapeutic modalities may 
be included as they may help the healing process,53 how-
ever, the evidence on modality use with shoulder tendi-
nopathies is limited and often contradictory.148-152

The MDT® method may not always be well accepted by 
patients in cases of shoulder contractile dysfunction. Pain 
that occurs during performance of therapeutic exercise 
when treating contractile dysfunctions may alert and 
prevent patients from continuing the exercise. However, 
pain that easily subsides may facilitate remodeling of RC 
dysfunctional tissues.9,72,88,128 Moreover, MDT® principles 
of progressions appear to be safe also in cases of diag-
nosed partial RC tears as already documented in two pre-
vious studies.83,115

Contractile dysfunction syndrome requires time and 
rigorous adherence to the exercise program in order to 
improve symptoms. Adherence to self-management 

Figure 3. Eccentric contraction with elastic resistance. A) Initial position, B) Final position
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exercises may be improved with supervised exercise 
therapy153 and when care providers’ style, and content of 
exercise programs are positively experienced.154 Finally, 
although contractile dysfunction shows typical features 
and it is relatively simple to recognize, its management 
according to MDT® method should be mastered by clini-
cians with at least a minimal knowledge of the method 
(The Mckenzie Institute®).

CONCLUSIONS
Due to the high prevalence of RC tendinopathy among 
the general and the sportive populations, the MDT® 
method may offer an inexpensive, and an effective solu-
tion to consider when treating musculoskeletal issue. 
However, more research is warranted especially on shoul-
der disorders.
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ABSTRACT
One of the main priorities of rehabilitation after anterior cruciate ligament reconstruction (ACLR) surgery 
is the restoration of knee extensor muscle strength. Residual deficits in knee extensor muscle size and 
strength after injury are linked to poor biomechanics, reduced knee function, increased knee osteoarthritis 
risk, as well as heightened risk of re-injury upon return to sport. Most studies indicate that knee extensor 
muscle strength is typically not resolved prior to return to sport. This clinical commentary discusses strate-
gies to optimize and accelerate the recovery of knee extensor strength post-surgery, with the purpose to 
support the clinician with evidence-based strategies to implement into clinical practice. Principally, two 
strategies exist to normalize quadriceps strength after surgery, 1) limiting strength loss after injury and 
surgery and 2) maximizing and accelerating the recovery of strength after surgery. Optimal preparation for 
surgery and a focused attempt to resolve arthrogenic muscle inhibition are essential in the pre and post-
operative period prior to the inclusion of a periodized strength training program. Often voluntary strength-
ening alone is insufficient to fully restore knee extensor muscle strength and the use of electrical stimulation 
and where necessary the use of blood flow restriction training with low loads can support strength recov-
ery, particularly in patients who are significantly load compromised and experience pain during exercise. 
Resistance training should employ all contraction modes, utilize open and closed kinetic chain exercise of 
both limbs, and progress from isolated to functional strength training, as part of a periodized approach to 
restoring neuromuscular function. Furthermore, thinking beyond the knee musculature and correcting 
core and hip dysfunction is also important to ensure an optimal knee extension strengthening program. 
The purpose of this clinical commentary is to provide a series of evidenced based strategies which can be 
implemented by clinicians responsible for the rehabilitation of patients after ACLR. 

Level of evidence: 5

Key words: Anterior cruciate ligament reconstruction, functional recovery, injury prevention, rehabilita-
tion, sports medicine 
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INTRODUCTION 
One of the main priorities of rehabilitation after 
anterior cruciate ligament reconstruction (ACLR) 
surgery is the restoration of knee extensor muscle 
strength. After ACL injury and subsequent surgery, 
there is often considerable pain, swelling/inflamma-
tion, reduced function, muscle atrophy and strength 
loss. Residual deficits in knee extensor muscle size 
and strength after injury are linked to poor biome-
chanics,1 reduced knee function and increased knee 
osteoarthritis risk,2 poorer outcomes and heightened 
risk of re-injury upon RTS.3 For example, those who 
reported a limb symmetry index (LSI) less than 90% 
were at nearly three times greater risk of sustain-
ing a subsequent knee injury than who achieved 
more than 90% LSI (33 vs 12%).3 For every 1%-point 
increase in quadriceps symmetry there was a 3% 
reduction in re-injury rate. Early return to sport 
(RTS), without sufficient neuromuscular recovery 
is associated with early knee osteoarthritis changes 
only one year after surgery.4

Most researchers have indicated that knee exten-
sor muscle strength is typically not achieved by 
six-months after surgery or at the time of return to 
play.2,5-8 Furthermore, recent research suggests that 
the conventional LSI may underestimate the defi-
cits in knee extensor muscle strength post-surgery.8 
Only 29% of patients achieved a LSI less than 10% 
when the reconstructed limb was compared to pre-
injury injured limb values at six-months post ACL 
surgery, compared to 57% who achieved this marker 
when using the conventional LSI (when injured limb 
is compared to contralateral limb).8 As such deficits 
in knee extensor strength are possibly even more 
marked than previously thought, with only one in 
three to one in four achieving this marker prior to 
medical discharge and RTS. Importantly, the restora-
tion of knee extensor muscle strength represents a 
mid-stage rehabilitation marker, one which should be 
achieved prior to restoring movement quality, func-
tional strength, power and explosive muscle strength 
as well as subsequent sport-specific re-training and 
RTS.9,10 Therefore, the inability to restore knee exten-
sor muscle strength in a timely fashion is likely 
resulting in incomplete recovery in other impor-
tant rehabilitation factors (e.g., explosive strength 
and motor patterning). In order to achieve complete 

functional recovery and optimise the late-stage reha-
bilitation process, there is a need to first optimize 
and accelerate the recovery of knee extensor muscle 
strength to i) provide an optimal platform on which 
late-stage rehabilitation can commence and ii) actu-
ally allow time in most clinical cases for late-stage 
rehabilitation and an appropriate RTS process. 

The aim of this clinical commentary/narrative 
review is to discuss strategies to optimize and accel-
erate the recovery of quadriceps strength post ACLR 
surgery. This will provide practitioners working 
with individuals after with important theoretical 
and practical information which can be applied to 
their functional recovery framework to help opti-
mise their patient outcomes.

WHAT ARE THE REASONS FOR 
QUADRICEPS WEAKNESS AFTER ACLR? 
Determining the reasons for quadriceps weakness 
after ACLR are essential to design strategies to opti-
mize patient functional recovery. Typically, there is 
limited consideration of the notion that if one fails 
to overcome muscle inhibition one will be unable to 
optimally restore muscle mass and strength. Arthro-
genic muscle inhibition (AMI) is hypothesized to be 
present after ACLR and contribute to the ever-pres-
ent post-traumatic knee extensor muscle strength 
deficit.2,11-14 Loss of mechanoreceptors from the ACL 
is thought to disrupt the ligamentous–muscular 
reflex between the ACL and the quadriceps, lead-
ing to an inability to actively recruit high-threshold 
motor units during voluntary quadriceps contrac-
tions. Furthermore, pain and swelling both result in 
neuromuscular inhibition via the AMI process and 
resultant muscle atrophy and weakness.6,15 AMI typ-
ically limits the ability to achieve desired intensity 
levels and neuromuscular activation, and is often 
present bilaterally following unilateral ACLR, and in 
some cases, can be equivalent to the injured limb.16

Muscle strength is influenced by both neural and 
morphological factors. The loss of function and sig-
nificant neural inhibition can result in marked mus-
cle atrophy which contribute to loss of strength and 
function. Williams et al.17 reported that quadriceps 
atrophy and activation failure together account for 
approximately 62% of the variance in the quadriceps 
weakness of ACL-deficient non-copers, suggesting 
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atrophy also plays a significant role in reducing 
quadriceps strength. As such, the resolution of mus-
cle mass and neural activation are key aspects of 
ACL rehabilitation and strategies to restore them are 
of considerable importance. 

MAXIMIZING KNEE EXTENSOR STRENGTH 
RECOVERY AFTER ACL SURGERY
Two strategies exist to normalize quadriceps strength 
after surgery. These include:

1. Limit strength loss after injury and surgery and 

2. Maximize and accelerate the recovery of strength 
after surgery. 

STRATEGIES TO LIMIT STRENGTH LOSS 
AFTER ACL RECONSTRUCTION
The greater the degree of muscle atrophy and larger 
strength deficits post-surgery the longer time it 
will take to restore these deficits. In terms of this 
approach there are two strategies to consider a) 
the level of atrophy and strength loss prior to sur-
gery and b) the degree of atrophy and strength loss 
post-surgery.

Optimally prepare for surgery
Optimally preparing for surgery and resolving defi-
cits in muscle mass and strength would be expected 
to enhance post-operative function. The research 
available indicates that prehabilitation (a five to 
six-week program focusing on restoration of mus-
cle strength, quadriceps hypertrophy and hop per-
formance) results in superior knee function post 
operatively.18-20 Recent research shows that patients 
with better pre-operative quadriceps activation dem-
onstrated greater post-operative activation, whilst 
patients with better pre-operative strength also dem-
onstrated better post-operative strength.21 There is 
no consensus on the optimal level of pre-surgery 
function.22 Grindem et al.18 recommended patients 
should have a LSI of 90% for muscle strength and 
hop performance prior to ACL reconstruction, which 
may not be plausible for all patients. 

Resolve Arthrogenic Muscle Inhibition 
(AMI) quickly post-surgery
After injury or surgery, there is often considerable 
pain and swelling/ inflammation. Acute injury 

management should adhere to the principles of 
POLICE, (protection, optimal loading, ice, compres-
sion and elevation)23 to ensure joint protection and 
healing, removal of pain and swelling but mainte-
nance and gradual restoration of function through 
optimal load application. Pain and swelling both 
result in neuromuscular inhibition via the AMI pro-
cess and resultant muscle atrophy and weakness.6,15 
The clinician should utilize a variety of interven-
tions to combat pain, swelling and AMI to be able to 
progress through the remainder of the rehabilitation 
program optimally. 

a) Use Anaesthetics. Local anaesthetics may 
reverse AMI through the reduction of pain and 
may also reduce AMI by blocking other afferents 
contributing to the inhibition. AMI persists once 
pain has subsided and can be induced in the 
absence of pain (e.g., the effusion model does 
not cause pain but results in AMI),24 therefore, 
rehabilitation strategies effective in removing 
AMI, should not be focused solely on removing 
painful stimuli.

b) Use Ice. Use of cryotherapy (ice), compres-
sion and elevation are standard practices as 
part of acute injury management, in line with 
the POLICE23 recommendations. Cooling of the 
knee joint may also may serve to decrease AMI24 
and facilitate increased quadriceps activation. 
The effects are thought to be maintained after 
the removal of cryotherapy and as such, may 
serve as a strategy to temporarily reduce AMI 
and increase quadriceps recruitment prior to 
exercise. 

c) Utilize transcutaneous electrical nerve stimu-
lation. Transcutaneous electrical nerve stimula-
tion (TENS) of the cutaneous nerves has been 
shown to reduce presynaptic inhibition,25 which 
is a contributor to AMI.26 Hopkins et al.24 demon-
strated that 30 mins of TENS treatment reversed 
the inhibitory effects of induced knee effusion. 
However, this was temporary as the inhibition 
returned to baseline levels after the machine 
was turned off. As such, the greatest effect of 
TENS appears as a supplement to active exercise 
with an effect to minimize AMI and promote 
quadriceps recruitment.15,27



The International Journal of Sports Physical Therapy | Volume 14, Number 1 | February 2019 | Page 162

Optimal load to preserve quadriceps strength
Optimal loading may be defined as the load applied 
to structures that maximizes physiological adapta-
tion.28 Additionally, in the context after injury, it 
can also be considered as the load which ‘minimizes 
adaptation’ (e.g., muscle strength loss and atrophy 
due to functional limitations). 

Achieving optimal loading is challenging. It is essen-
tial that in the early periods after surgery, the reha-
bilitation program incorporates progressive optimal 
loading to prevent muscle atrophy and strength loss 
and subsequently facilitate functional recovery. Use 
of electrical stimulation can support strength preser-
vation, through providing a stimulus to activate the 
motor units, which may be inhibited due to AMI. 
The use of electrical stimulation and voluntary iso-
metric contractions can support muscle mass and 
strength preservation in the early phase.29 Monitor-
ing pain and joint effusion particularly during the 
early phases of rehabilitation are important to ensure 
that the applied training stimulus is not excessive 
and causing tissue overload. Measurement of pain 
via the use of the visual analog scale should be taken 
regularly and recorded. Swelling can be measured 
with limb girth daily. Measurement of knee cir-
cumference at the patella has been shown to have 
strong intra-tester reliability and good sensitivity to 
change.30 Within, the knee, change greater than one 
centimeter was shown to be clinically significant. 

STRATEGIES TO MAXIMISE AND 
ACCELERATE THE RECOVERY OF 
STRENGTH AFTER ACLR

Incorporate a periodized strength training 
program 
Following the satisfactory resolution of pain, swelling 
and AMI, it is important to incorporate a periodized 
strength training program to fully restore neuro-
muscular function of the knee extensors, as well as 
other muscles. Restoration of quadriceps function 
requires the application of strength and condition-
ing principles applied to the injured athlete,31 and 
can be considered as optimal re-conditioning. Key 
strategies after ACLR are to restore muscle mass, 
strength (across the force-velocity curve), explo-
sive strength (rate of force development), power 
and coordination (e.g., ability to use this strength 

in sport-specific movements). A significant chal-
lenge for rehabilitation specialists is designing opti-
mal training programmes that facilitate neural and 
musculotendon adaptations whilst been mindful of 
biological healing constraints, and safety.32,33 To fully 
restore neuromuscular performance after ACLR it is 
important to incorporate a periodized neuromuscu-
lar training program, respecting tissue healing times 
and the patients individualised functional recovery. 

Periodization can be defined as the planned manipu-
lation of training variables (load, sets and repetition) 
in order to maximize training adaptations and pre-
vent over-training.33 There is a lack of evidence con-
cerning the best periodization approach after ACLR, 
but it is the authors view and that of others31 that 
the use of periodization in rehabilitation is superior 
to non-periodized approaches and the use of non-
linear approaches, respecting the phases of rehabili-
tation is important. When designing the program, it 
is important to have an understanding of how train-
ing variables can manipulate training outcome. This 
entails understanding how changes in load/ inten-
sity, volume and set configurations can influence 
strength adaptations (and their associated mecha-
nism) after ACLR, placed alongside the functional 
recovery process. 

Important considerations in terms of resistance 
training are i) the mechanical tension on the mus-
cle; ii) the metabolic stress induced through training 
and iii) the extent of muscle damage. Mechanical 
tension refers to the loading of muscle and is pro-
posed to disrupt skeletal muscle structures, compro-
mizing the integrity of individual muscle fibres and 
leading to cellular responses via stimulation of the 
mTOR pathway.34 Local metabolic stress involves 
the accumulation of metabolic by-products such 
as hydrogen ions, and blood lactate from fast gly-
colysis,35,36 which then stimulate catabolism; while 
muscle damage is proposed to lead to hypertrophic 
responses secondary to muscle damage, subsequent 
inflammation and upregulation of muscle synthe-
sis to repair the tissue. The manipulation of various 
resistance training variables can influence muscle 
strength and size and include training volume, load-
ing of exercise intensity, training frequency, train-
ing to failure, exercise variation, contraction type 
and recovery between efforts. Considering these 
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training variables are important when designing an 
optimal resistance training program for ACL patients 
to RTS quickly and optimally. 

In general, it appears that high volume resistance 
training is necessary to bring about increased 
strength and muscle size. Schoenfeld et al.37 con-
cluded that high volume resistance training pro-
duces greater gains in muscle mass than low volume 
training. It is thought that high volume training may 
enhance muscle mass gains due to prolonged meta-
bolic stress.38 There is a balance however, between a 
high training volume and an excessive volume which 
may lead to over-training and potential joint stress 
and tissue overload. Amirthalingam et al.39 found no 
significant difference in muscle hypertrophy when 
training with 5 sets of 10 repetition versus 10 sets of 
10 repetitions over six weeks of training. As such, it 
is thought that volume and muscle adaptation are 
not linearly related but instead follows an inverted 
‘U’ shape40 with an optimal training volume to elicit 
muscle hypertrophy and strength. This exact value 
is not known and may relate to the individual, the 
training history, recruitment, recovery strategies as 
well as lifestyle outside of the clinic (e.g., sufficient 
recovery practices, sleep, nutrition and rest etc.), 
and possible unresolved biological consequences of 
injury (e.g., pain, swelling and AMI). 

It is thought that the mechanical tension or load, 
typically presented as a percentage of maximal load 
that can be lifted (one repetition maximum, 1RM) is 
important for maximising muscle hypertrophy and 
strength. This is because the increased load results in 
increased mechanical tension on the muscle which 
is an important stimulus. The American College 
of Sports Medicine (ACSM) recommends loads of 
60-70% 1RM for the development of muscle strength 
and 70-85% for hypertrophy.41 Traditionally, it was 
thought that very high loads were necessary to bring 
about activation of all type II motor units based on 
the Henneman size principle42 and achieve full and 
complete muscle hypertrophy (targeted at all motor 
units). However, it is suggested that more low-load 
training also recruits fast-twitch muscle fibres, pro-
vided the working set is continued close to volitional 
fatigue.43 There appears to be no difference or at most 
a small trend for higher muscle hypertrophy with 
higher load resistance training compared to low-load 

training in terms of muscle hypertrophy.37 Training 
set intensity however, can have marked effects on 
other variables such as maximal eccentric strength 
and rate of force development (RFD). For example, 
conventional resistance training using loads of 70% 
maximal has been shown to enhance maximal mus-
cle strength and muscle hypertrophy41,44 but results 
in a reduction in the relative RFD (scaled to maximal 
voluntary force) and as such no change in RFD.44-46 
The importance for RFD in the rehabilitation pro-
gram has recently been discussed,10 and it is appar-
ent that following full and complete restoration of 
muscle strength after ACLR, there are still signifi-
cant 30% deficits in RFD.47 RFD was only restored 
following a subsequent period of power training 
12 months after surgery. Recently, Mangine et al.46 
showed that moderate intensity resistance training 
with loads at 70% 1RM over eight weeks resulted in 
no change in RFD, whereas strength training using 
high loads (90% maximal) elicited large increases 
in RFD (+70%). As such, each training intensity 
may bring about specific underlying adaptations 
and evoke differing alterations in mechanical vari-
ables (strength, power, RFD). Obviously, high load 
strength training (>85-90% 1RM) can only be imple-
mented following satisfactory recovery of range of 
motion, pain and swelling, AMI and sufficient mus-
cle mass to tolerate these high forces.48 

It is recommended to utilize a periodized resistance 
training program throughout the ACL rehabilitation 
program, beginning with optimal post-operative 
recovery, prior to moderate to high volume low to 
moderate loads resistance training until failure to 
promote initial strength gains and hypertrophy of 
all motor units (achieved largely through metabolic 
stimuli), when the joint is more load compromised 
and cannot likely tolerate high forces; followed by a 
period of moderate to high intensity (70-80% 1RM) 
resistance training with moderate to high volume 
(5-8 sets) with the goal to fully restore muscle size 
and maximise strength; finishing with very high 
intensity strength training (90%, / 5RM) and lower 
volumes in the latter phases of rehabilitation to tar-
get maximal voluntary activation, eccentric maximal 
muscle strength and restore power and explosive 
strength (Figure 1).10 Obviously, it is important to 
respect tissue healing, joint response and individual 
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adaptations, and produce a minimum stimulus in 
the post-operative recovery period to preserve mus-
cle mass, but not overload the joint. 

Open chain or closed chain, isolated or 
functional?
There is no consensus among the existing published 
evidence as to whether closed kinetic chain (CKC) 
or open kinetic chain (OKC) exercises should be 
the intervention of choice following ACLR.49 There 
are doubts about safety of OKC exercises, which are 
arguably unsupported by substantial published evi-
dence.49 OKC exercises can be useful as they isolate 
the muscle and limit the involvement of other mus-
cle groups and thus, can ensure higher and more 
complete activation and fatigue of the target mus-
cle. Some studies have shown that OKC exercises or 
OKC plus CKC exercises are more effective than CKC 
exercises alone in improving quadriceps strength 
after ACL reconstruction50,51 and in patients who are 
ACL deficient.52 Others have found no differences in 

patients’ quadriceps strength when comparing the 
two types of exercises.51,53 Available clinical research 
suggests that cautiously incorporating OKC exer-
cises into ACL rehabilitation will improve quadri-
ceps function and the authors advocate the use of 
both OKC and CKC exercise.54 

A particular consideration with knee extensor 
strengthening after ACLR, is minimizing patello-
femoral joint (PFJ) stress, given the high prevalence 
of patients who go on to develop patellofemoral pain 
syndrome (PFPS) after ACLR surgery.55-57 In OKC 
exercises such as knee extensions, quadriceps mus-
cle force and PFJ stress are greatest near full exten-
sion.58,59 Conversely, in CKC exercises such as lunges 
and the leg press, quadriceps muscle force and PFJ 
stress are highest near full flexion.55,56 As such, it 
is recommended to initially restrict high load OKC 
strengthening between 40-90 degrees of knee flex-
ion, and CKC between 0-80 degrees, which collec-
tively can enable complete strengthening through 
the arc of motion, at reduced PFJ stress. Each can 
be implemented at a similar time (typically 4 weeks 
after surgery, but with an initial focus on control as 
opposed to load), respecting the principles of opti-
mal load progressions. 

When there are residual deficits in knee extensor 
strength (typical after ACLR surgery), it is essen-
tial to implement isolated strength techniques as 
opposed to functional exercises such as squat with 
load. This is because, significant strength deficits 
result in biomechanical compensatory strategies i.e., 
cheating where the hip extensors are utilised instead 
of the knee extensors.60 Therefore, functional exer-
cises alone are an inadequate means for resolving 
quadriceps weakness and restoring normal quad-
riceps strength.61 As isolated quadriceps strength 
increases, a gradual increase in the use of functional 
strength training techniques such as squat, deadlift, 
lunge and their derivatives can be implemented. 

Functional strength refers to the ability to pro-
duce force in movements in which the muscles are 
typically used62 and is essential for athletic perfor-
mance.63,64 Functional strength is also important for 
optimal movement quality and force dissipation. 
For example, landing from a jump results in 1.5-2 
times body mass transferred through each limb.65-,67 

Figure 1. A graphical representation of a general outline of 
a periodised resistance training program after anterior cruci-
ate ligament reconstructive surgery (the time lines are for a 
patient returning to sport at around 6 months). The program 
begins with low intensity and volume, to preserve muscle 
mass and strength as much as possible in the post-operative 
period. It has a gradual increase in intensity and volume to 
promote muscle hypertrophy, muscle endurance and strength 
recovery at low to moderate loads, when the athlete is still 
load compromised. It progresses to moderate to high intensity 
strength training with moderate to high volume in the third 
stage prior to very high intensity and lower volumes in the 
fi nal stage prior to return to sport.
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An inability of the neuromuscular system to tolerate 
these forces, i.e. low functional eccentric strength 
of the kinetic chain would result in these forces 
been either off-loaded from the sagittal plane to the 
frontal plane and/or absorbed via the ligaments, 
tendon and joints, thus potentially lead to joint or 
tendon overload.68-69 As such, it is essential to have 
both a sufficient knee extension strength and global 
functional strength capacity to ensure that the neu-
romuscular system can adequately generate and 
‘accept’ high ground reaction forces during sporting 
type movements.

The authors suggest that isolated machine based 
strengthening techniques be the main strategy to 
restore knee extensor strength in the early to middle 
phases of rehabilitation (e.g., week 4 to week 12 after 
surgery as an example) and once the patient has 
resolved at least 80% of the knee extensors strength 
of their contralateral limb70 (assessed through iso-
kinetic testing of the knee extensors, typically at 
90-120 days post-surgery in our patients). In general, 
it is advised to initially implement isolated OKC and 
CKC early in the rehabilitation period, using ini-
tially isometric contractions (with additional modal-
ities, see subsequent text), with specific joint angle 
restrictions to limit PFJ stress. Motor patterning 
and muscle imbalance correctives at adjacent joints 
should accompany this work to prepare for func-
tional strengthening. Once the patient has restored 
knee extensors strength to within 20% of the contra-
lateral side, moderate to high load strength training 
using both isolated (high load, 5RM) and functional 
(moderate load, 8RM) techniques can be used. 

Target the VMO?
PFP is common following ACLR with 30-50% still 
experiencing PFP at 1 year after surgery,55-57 and is 
problematic for the recovery of quadriceps strength 
after ACLR as it will result in PF inhibition, and 
limit quadriceps activation. Often practitioners 
work around patients PFP and lower the loads to a 
point of no pain (as pain is a potent inhibitor and 
contributor to AMI), but this often results in a load 
which is insufficient to elicit sufficient stimulus for 
muscle hypertrophy and strength adaptation. The 
resolution of PFP is essential to full and complete 
knee extensor strength recovery. There is a lack of 

consensus on the source of pain in relation to PFP.71 
However, patellar maltracking including increased 
lateral patellar translation,72-74 tilt72 and spin,74 as 
well as increased lateral PFJ stress75,76 may associ-
ate with PFPS. As the vastus medialis oblique (VMO) 
has the ability to control lateral patellar tracking, 
delay or weakness of VMO is considered a key bio-
mechanical risk factor for patellar maltracking.77 
As such, rehabilitation specialists and researchers 
often advocate selective strengthening on the VMO, 
to help restore normal patellofemoral biomechan-
ics and reduce pain, thus supporting more optimal 
quadriceps recovery. There is however, debate, as to 
whether it is possible to selectively strengthen the 
VMO, with current evidence suggesting that volun-
tary strengthening techniques will not specifically 
recruit the VMO.78-81 In those with patella maltrack-
ing, the use of electromyography (EMG) biofeed-
back measures during neuromuscular contractions 
can provide auditory or visual feedback signals, 
designed to increase awareness and voluntary con-
trol of muscle activation. When utilized in conjunc-
tion with strength training, EMG biofeedback aimed 
at increasing VMO activation while maintaining con-
stant vastus lateralis (VL) activity has been shown to 
improve VMO/VL activation ratios.82 Additionally, 
taping of the patella may be an effective strategy to 
transiently optimise patella tracking. Using taping 
techniques to control patella tracking during resis-
tance exercise have found increased patient toler-
ance to knee joint loading, increased VMO activity, 
and improved onset of the VMO in relation to the VL 
muscles.83-86 

Think beyond the knee
Typically, early and mid-phase programs focus exclu-
sively on resolving knee mechanics. It is becoming 
accepted that weakness of core and hip muscles 
are risk factors in lower extremity injury risk87-90 

and in particular ACL injuries.91,92 A systematic 
review by Petersen et al.93 revealed deficits in hip 
muscle strength after ACLR. Beyond injury preven-
tion, proximal dysfunction is associated with high 
risk movement biomechanics and linked to PFP.87,90 
Strong evidence currently exists that patients with 
anterior knee pain have deficits in hip abduction, 
hip extension and external rotation strength.94 Hip 
muscle strengthening is effective in reducing the 
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intensity of pain and improving functional capabili-
ties in patients with PFP95 and should form part of 
the ACLR rehabilitative program focused on resolv-
ing knee extensor strength deficits. 

Utilize the powers of electrical stimulation
Neuromuscular electrical stimulation (NMES) 
appears to be a promising intervention for use after 
ACLR. NMES allows for the direct activation of the 
motor axon, and could allow for the direct recruit-
ment of the inhibited motoneurons. Muscle activa-
tion by means of NMES allows for the recruitment 
of a greater proportion of type II muscle fibers when 
compared with voluntary contractions of a similar 
intensity.96-98 Furthermore, although, during volun-
tary contractions there is a logical order of recruit-
ment beginning with the smallest motor units and 
progressing to the largest motor units,42 NMES results 
in a reversal of the order of motor unit recruitment.99 
The activation of type II motor units are essential to 
achieve a higher level of quadriceps force produc-
tion, as well as sufficient power and RFD. As such, 
their recruitment by means of NMES undoubtedly 
should aid in the quest to achieve complete recov-
ery of quadriceps strength. A recent meta-analysis 
reported that use of NMES in addition to standard 
physical therapy appears to significantly improve 
quadriceps strength and physical function in the 
early post-operative period compared to standard 
physical therapy alone.29

Incorporate blood fl ow restriction training 
in selective patients
In the load compromised patient (early after sur-
gery) or in those patients who experience PFP and 
subsequent quadriceps inhibition and as such, can-
not achieve the required load and activation to bring 
about the necessary stimulus for adaptation, blood 
flow restriction (BFR) training may be an effective 
therapy. Low-intensity resistance training with BFR 
can result in in greater strength and muscle hyper-
trophy when compared to resistance training with 
the same intensity under normal flow100-103 and com-
parable to gains with moderate to high intensity 
resistance training.104 Under ischemic condition-
ing, fast twitch fibres are recruited even under low 
intensity activity, as type I motor units fatigue rap-
idly which allows for the recruitment of type II units 

earlier. BFR training may also serve as an effective 
stimulus during an unloading phase for patients 
because it results in a positive training adaptation, 
although causing little to no muscle damage102 and 
thus, can be used sparingly throughout the rehabili-
tation cycle. Low-load BFR was shown to be superior 
at improving functional capacity and pain in patients 
with PFP compared to moderate intensity resistance 
training with BFR.104 Sub-group analysis revealed 
that in those with pain on resisted knee extension 
there was considerable benefits in enhancing func-
tion, but is similar to resistance training at moderate 
to high loads (70% 1RM) in those without pain on 
resisted knee extension.104 As such, BFR therapy at 
low loads can may be a useful tool to develop mus-
cle strength in patients who are unable to perform 
high-resistance exercise or patients who have per-
sistent extremity weakness despite traditional ther-
apy, or maybe used sparingly as part of a periodized 
strength training program. 

Don’t forget the other leg
An ACL injury has recently been suggested as a sin-
gle leg injury, but a double leg problem.105 Deficits in 
knee extensor strength, neuromuscular control and 
proprioception, which are prevalent in the injured 
limb are also present in the contralateral uninjured 
limb.106-108 As discussed, this lower than optimal 
level of strength in the contralateral limb can result 
in an overestimation of knee extensor strength of 
the injured when examining the limb symmetry 
index in the conventional manner (injured versus 
uninjured).8 As such, it is advised to ensure that 
rehabilitation target both limbs. Additionally, cross-
education training, which is the increase in muscle 
force on the untrained side after resistance train-
ing of the contralateral homologous limb muscle,109 
has been suggested to accelerate the recovery of the 
injured limbs strength after ACLR and augment the 
LSI, 110 although this is not a consistent finding.111

SUMMARY AND IMPLEMENTATION
The restoration of knee extensor muscle size, acti-
vation and strength forms essential components of 
rehabilitation after ACLR. AMI can limit the desired 
activation values during resistance training and 
limit strength recovery after surgery. It is recom-
mended that optimal preparation for surgery, the 
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Table 1. A schematic layout of an example periodized resistance training approach for the athlete 
after anterior cruciate ligament reconstruction. The program involves one pre-operative and fi ve 
post-operative stages aligned with the functional recovery status of the athlete after surgery. The 
particular goal, strategy and approach are outlined discussing the factor relevant within the text. The 
program is a typical approach (and allocated time) to a professional athlete, who was able to return to 
team training at six months after reconstructive surgery. Time lines are dependent upon the injury 
(e.g., concomitant injury, such as cartilage, medial collateral ligament), and individual healing and 
progression time lines. Criteria and not time should be used to transition between stages.
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adoption of POLICE and focused attempt to resolve 
AMI are essential in the pre and post-operative 
period prior to the inclusion of a periodised strength 
training program. Appreciation of strength and con-
ditioning principles including load, volume, rest and 
recovery (between sets and sessions) are important. 
Often voluntary strengthening alone is insufficient 
to fully restore knee extensor muscle strength and 
the use of electrical stimulation and where nec-
essary the use of BFR training with low loads can 
support strength recovery, particularly in patients 
who are significantly load compromised and expe-
rience pain during exercise. Resistance training 
should employ all contraction modes, utilise OKC 
and CKC exercise, begin with isolated strength tasks 
and finish and progress to functional strength train-
ing and agility type exercises to prepare for sporting 
practice. Restoring balance between the quadricep 
muscles and resolving possible patellar tracking 
issues, through manual therapy, biofeedback train-
ing and stretching are important additional con-
siderations. Finally, thinking beyond the knee and 
correcting core and hip dysfunction may be impor-
tant to ensure an optimal knee extension strength-
ening program. Optimizing the use of disinhibitory 
techniques (e.g., ICE, massage) and activation tech-
niques (pre-activation exercises, electrical stimula-
tion, TENS) may support more optimised training 
outcomes. It is hoped that these recommendations 
may support practitioners who have the responsibil-
ity to rehabilitate patients after ACLR, and support 
the quest to enhance patient outcomes (RTS rates, 
long term knee joint health and re-injury risk) after 
ACLR surgery. 
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