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ABSTRACT
Background: The lumbopelvic region is utilized in almost all functional tasks and has been proposed to provide 
dynamic stability to distal extremities. 

Purpose: To systematically evaluate the current literature that examined the effect of lumbopelvic control on 
overhead performance and shoulder injury in overhead athletes.

Study Design: Systematic Review

Methods: A comprehensive systematic electronic search was conducted using PubMed, CINAHL, ProQuest, 
Scopus, and SPORTDiscus. Articles were considered for inclusion if they included a measure of lumbopelvic 
control and assessed shoulder pain, disability, injury, or overhead performance outcome. Cohen’s d effect size 
was calculated when necessary statistical data were available to determine the impact of lumbopelvic control. 

Results: The search revealed 3,312 total articles and 2,883 articles were screened after duplicates were removed. 
After titles and abstracts were screened, 45 full text articles were reviewed. Fifteen full-text articles ultimately 
met inclusion criteria. Effect sizes ranged from trivial (0.10) to large (0.86), indicating a varying degree of posi-
tive effects on performance and shoulder injuries. The majority of included articles concluded individuals with 
greater lumbopelvic control demonstrated improved performance and decreased occurrence of injury.

Conclusion: Results suggest that improved lumbopelvic control relates to improved athletic performance and 
decreased shoulder injury. Additional higher quality research is needed to further support these findings, estab-
lish a standard measure for lumbopelvic control, and determine preventative factors for injury, pain, and 
disability.

Level of Evidence: 2a

Keywords: Core stability, injury, lumbopelvic control, movement system, overhead athletes 

I
J
S
P

T
SYSTEMATIC REVIEW

THE IMPACT OF LUMBOPELVIC CONTROL ON 

OVERHEAD PERFORMANCE AND SHOULDER INJURY 

IN OVERHEAD ATHLETES: A SYSTEMATIC REVIEW

Thane Cope1

Sarah Wechter1

Michaella Stucky1

Corey Thomas1

Mark Wilhelm1

1 Walsh University, North Canton, OH, USA. 

Confl icts of Interest: None of the authors have any confl icts of 
interest to declare. 

CORRESPONDING AUTHOR
Mark Wilhelm, PT, DPT, PhD
Assistant Professor, Doctor of Physical 
Therapy Program
School of Behavioral and Health Sciences
Walsh University
North Canton, OH 44720
Phone: (330) 244-4747
E-mail: MarkPWilhelm@gmail.com

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 500
DOI: 10.26603/ijspt20190500



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 501

INTRODUCTION
Between 2003 and 2015, sports and exercise participa-
tion increased by 3.6%, with 18% of the US population 
participating in sports each day.1 It is not surprising 
that with the rise in sports participation, the occur-
rence of sport related injuries has resulted in increased 
public health awareness. Furthermore, the current 
trend of early sports specialization may be related to 
an increased risk of injury.2 General exercise is the 
most frequently reported activity resulting in injury 
in males and females while recreational sports are 
the fourth most commonly reported activity in males. 
From 2011 through 2014, an estimated 8.6 million 
sports and recreation related injuries occurred in the 
United States annually with nearly one third of these 
injuries sustained in the upper extremity.3  Shoulder 
injuries have a significantly higher incidence than any 
other injury in overhead athletes. More specifically, 
collegiate overhead athletes have a 30% risk of devel-
oping a shoulder injury at some point in their college 
career, with a 25% risk of subsequent shoulder injury.4

The lumbopelvic region has been shown to provide 
dynamic stability for distal extremity movement by 
functionally linking the upper and lower extremities. 
Researchers have recently demonstrated that risk of 
injury increases with disruption of elements within 
the kinetic chain, causing alterations in shoulder 
biomechanics.5 Additionally, it has been shown that 
decreasing the lumbopelvic energy production by 
20% can lead to increased load on the shoulder com-
plex by up to 34%, meaning less lumbopelvic con-
trol leads to increased forces on the glenohumeral 
joint.6  These recurrent alterations of inadequate 
proximal stability, coupled with repetitive stresses 
placed on an athlete’s body over time, may further 
increase the risk of developing shoulder injury.7

In addition to impacting an athlete’s likelihood of 
developing injury, core stability has been suggested 
to influence athletic performance.8 An increase in 
proximal stability may improve distal mobility by 
improving a proximal to distal pattern of force gen-
eration.9  Additionally, core stability may improve 
performance through a number of mechanisms 
including improved efficiency with neurological 
recruitment patterns, improved motor unit synchro-
nization, lowering neural inhibitory reflexes, and 
increasing nervous system activation.10 

Increased sport participation and prevalence of 
injury highlights the importance of determining the 
effect of integrating lumbopelvic training. De Blaiser 
et al. has examined the benefits of core stability train-
ing in rehabilitation of back pain and lower extrem-
ity injuries.11 However, current literature is lacking 
agreement on the overall relationship between lum-
bopelvic control and shoulder performance and 
injury.8,9 In addition, there is no systematic review 
evaluating this relationship. Therefore, the purpose 
of this study was to systematically evaluate the cur-
rent literature that examined the effect of lumbopel-
vic control on overhead performance and shoulder 
injury in overhead athletes.

METHODS 

Study Design
The Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) guidelines 
were used during the design and reporting phases 
of this systematic review.12 The systematic review 
was prospectively registered with PROSPERO 
(CRD42018081526). PROSPERO is the international 
prospective register of systematic reviews governed 
by the National Institute for Health Research, which 
aims to provide a comprehensive list of all ongoing 
systematic reviews to avoid duplication of studies.13

Eligibility Criteria
Studies were considered for review if they met the 
following criteria: 1) Discussed lumbopelvic control 
(motor control, strength, and stability of lumbopel-
vic, core, and hip regions); 2) Assessed shoulder 
pain, injury, self-reported disability, or an overhead 
performance outcome; 3) Contained quantifiable 
measures for lumbopelvic control; and 4) Reported 
necessary statistical data. Level 4 and higher evi-
dence was included. Studies were excluded if sub-
jects presented with history of shoulder surgery in 
the past five years, or if the full text was not avail-
able in English.

Search Strategy
A systematic literature search was completed in 
November 2017 within the following electronic data-
bases: PubMed, CINAHL, Proquest, Scopus, and 
SPORTDiscus. Electronic searches utilized MeSH 
terms, keywords, and subject headings related to 
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lumbopelvic region, overhead sports, performance, 
and injury outcomes. Searches in CINAHL and 
SPORTDiscus utilized sport specific injury subhead-
ings rather than general athletic injuries in order 
to refine the search to more relevant results. The 
search was limited to the English language, human 
subjects, and scholarly articles where applicable (the 
full search strategies from PubMed and CINAHL can 
be found in Appendix 1). Athletes of all levels were 
included in the review. A hand search was com-
pleted by two reviewers to identify articles that may 
have been missed using the search strategy. In addi-
tion, Google Scholar, Open Grey, Grey Matters, and 
Grey Literature Report were searched for relevant 
articles for potential inclusion.

Study Selection
Titles and abstracts were independently screened 
by two reviewers and assessed for inclusion. If a 
discrepancy existed between the two reviewers, the 
reviewers met for discussion and came to a consen-
sus. Full-text articles were reviewed by two different 
independent reviewers. Again, when the two review-
ers who screened full text articles did not agree with 
an article for inclusion, a decision was made by con-
sensus. Reliability of author agreement was calcu-
lated for each step using percentage agreement and 
an unweighted Kappa (κ) score. Kappa scores less 
than 0.00 are considered poor, 0.00 to 0.20 are con-
sidered slight, 0.21 to 0.40 are considered fair, 0.41 to 
0.60 are considered moderate, 0.61 to 0.80 are con-
sidered substantial, and 0.81 to 1.00 are considered 
almost perfect.14

Quality Assessment
Included articles were independently assessed 
for methodological quality by two reviewers using 
McGill Mixed Methods Appraisal Tool (MMAT).15 
Variations in scoring were resolved through consen-
sus between the two reviewers. The MMAT contains 
four criteria for qualitative studies, four criteria for 
each quantitative study designs (randomized con-
trolled, non-randomized, descriptive), and three cri-
teria for mixed-method designs. A total of 19 criteria 
are available to be scored depending on study design 
with options “yes”, “no”, or “can’t tell”. Each design 
category contains three to four questions that are 
scored. Scores range from 0% to 100%, where 100% 

indicates the study contains necessary components. 
The validity of the McGill MMAT meets accepted 
standards of measuring methodological quality and 
the intra-class correlation is 0.8, indicating excellent 
interrater reliability.15 Reliability of author agree-
ment was calculated using an unweighted Kappa.

Data Extraction
All data were independently extracted by one author 
on all included studies using a standardized extrac-
tion form and verified by a second author. The fol-
lowing data were extracted: 1) Participant details 
(including mean age and standard deviation, gen-
der, and sport); 2) Study details (sample size, design 
type, setting, and adherence rate); 3) Intervention 
information if applicable; 4) Outcome measures or 
dependent variables assessed; 5) Results (means, 
standard deviations, p-value, effect size, odds ratio, 
r value when applicable).

Outcomes/Summary Measures
Data were grouped and analyzed by performance 
and injury. The injury construct included pain, 
injury, and self-reported disability. A variety of out-
come measures were accepted for this systematic 
review, as long as the outcome assessed a perfor-
mance or injury construct. 

The outcome measures accepted for performance 
were throwing speed, throwing distance, throwing 
accuracy, serving speed, swimming speed, and pitch-
ing performance. Throwing accuracy was measured 
using the Functional Throwing Performance Index 
(FTPI), which assesses the ability to consistently hit a 
mark target under different throwing conditions. The 
reliability of the FTPI is 0.91.16 Pitching performance 
was assessed using game-time pitching statistics. 

The outcomes measures accepted for injury included 
Disabilities of the Arm, Shoulder, and Hand Out-
come Measure (DASH) and the shortened version 
QuickDASH, Penn Shoulder Score (PSS), Sports and 
Symptom Survey Form, Simple Shoulder Test, Ker-
lan-Jobe Orthopaedic Clinic shoulder and elbow 
score (KJOC), and Visual Analog Scale (VAS). The 
DASH is a 30-item questionnaire that assesses activi-
ties of daily living and pain in the last week. A higher 
score reflects a greater disability for both categories. 
The DASH has been shown to be valid and reliable 
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measure of shoulder disability.17 The minimal detect-
able change (MDC) for the DASH is 10.81, and the 
minimally clinically important difference (MCID) is 
10.83.18 The PSS is a questionnaire in which subjects 
rate level of satisfaction and pain during different 
activities on a visual analog scale from 0 (no pain) to 
10 (worst pain). The PSS has been shown to be reli-
able and valid and has an MDC of 12.2 and an MCID 
of 11.4.19 The Sports and Symptom Survey Form is 
a questionnaire consisting of questions relating to 
subject demographics, sport participation, and pain 
or shoulder symptoms. Included in the survey is the 
PSS and the sports section from the DASH, where 
a higher total score from the combined outcome 
measures reflects a greater disability. Reliability and 
validity of the Sport and Symptom Survey Form is 
currently unknown. However, a portion of this form 
is comprised of the DASH and PSS, both of which 
have established reliability and validity.

The Simple Shoulder Test is a questionnaire that 
assesses shoulder function and has been shown to 
be reliable and valid.20 The MDC and MCID have not 
been well defined.21 The KJOC collects information 
regarding pain, weakness, instability during activity 
and impact on performance on ten separate items 
using one 10 cm-long line for each of the ten items, 
where a lower score represents greater disability. 
The athlete is asked to place an “x” along the 10-cm 
line corresponding to the athlete’s current level of 
physical functioning for each of the ten items. The 
KJOC has high validity and reliability in assessing 
upper extremity dysfunction in overhead throwing 
athletes including professional baseball players.22 
The VAS is a subjective measure to assess pain which 
has been shown to have good reliability and con-
struct validity.23 The minimally clinical important 
difference (MCID) for the VAS is 1.4 cm for patients 
being treated conservatively for rotator cuff disease.24 
The outcome measures accepted for injury include 
days missed due to injury which was collected from 
respective team personnel. Self-reported pain during 
throwing was also an accepted measure.

When effect size data, including odds ratio (OR) and 
correlation coefficient, were reported, they were 
included in this review with confidence intervals 
when available. If effect sizes were not reported 
but means and standard deviations were reported, 

Cohen’s d effect size (ES) was calculated for the out-
comes utilized in the included articles. Effect size is a 
calculated value which represents the magnitude of 
effect of the independent variable on the dependent 
variable. This value can be used to apply the effect 
to a larger population to represent the magnitude 
of effect size of interventions.25 Additionally, effect 
sizes for correlations were extracted when presented 
in the included articles. For this review, effect sizes 
represented as a positive value indicates greater lum-
bopelvic control resulting in improved performance 
or decreased disability. Likewise, a negative effect 
size indicates decreased lumbopelvic control result-
ing in improved performance or decreased disability.

RESULTS

Study Selection
The systematic electronic search revealed a total of 
3,312 articles. After removing duplicates, 2,883 article 
titles and abstracts were screened. Inter-rater reliabil-
ity for title and abstract screening prior to discussion 
was 96% (κ = 0.23 (fair); 95% CI, 0.09-0.37). After 
titles and abstracts were screened, 45 full text articles 
were independently reviewed for inclusion. Inter-
rater reliability for full text articles prior to discussion 
was 89% (κ = 0.76 (substantial); 95% CI, 0.55-0.95). 
A total of 15 articles met the inclusion criteria, and 
therefore were included in the study; nine assessing 
performance and six assessing shoulder injury includ-
ing pain, injury, and self-reported disability. Articles 
assessed during full text screen were most frequently 
excluded due to outcomes not being related to lum-
bopelvic control, injury, or overhead performance. In 
addition, articles were excluded if no outcomes were 
measured. One article was excluded due to the full 
text publication not being available in English. Figure 
1 outlines the screening process for study inclusion. 

Study Characteristics
Five articles were identified as cross-sectional stud-
ies, five articles were cohort, three were quasi-exper-
imental, and two were randomized control trials 
(RCT). Articles included a range of 25 to 422 partici-
pants each with a total of 977 participants included 
in the current systematic review assessing symptom-
atic and asymptomatic athletes. Six studies included 
baseball or softball athletes; the remaining studies 
included swimming, handball, water polo, lacrosse, 
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basketball, football and field throwing. Additionally, 
subjects ranged from 8 to 77 years of age and included 
untrained individuals, youth, high school, collegiate, 
and professional level athletes. Table 1 contains the 
sample demographics of the individuals who partici-
pated in each of the included studies.

Risk of Bias
Scores for the included studies ranged from 0% to 
100% on the MMAT. Two studies were scored using 
the Quantitative Randomized (RCTs) section with 
quality scores of 0% and 50%. The remaining studies 
were scored using the Quantitative Non-randomized 
section (cross-sectional, cohort, and quasi-exper-
imental); two studies scored 50%, seven studies 
scored 75% and four studies scored 100%. Six stud-
ies did not meet the fourth criteria of the quantita-
tive non-randomized section, which assessed follow 
up and adherence rate. Five studies did not report 

these statistics, and one study did not meet the cri-
teria of 60% follow up rate. Agreement for the qual-
ity assessment between authors was 88% (κ = 0.70 
(substantial); 95% CI, 0.49-0.91). Table 2 provides 
the results for each quality assessment. 

Performance
Nine studies examined the correlation of lumbopelvic 
control to overhead throwing performance. Eight of 
the nine studies found lumbopelvic control to have 
a statistically significant correlation with throwing 
velocity, distance, and accuracy, tennis serve velocity, 
or sport performance. Table 3 contains the results of 
the articles assessing performance variables including 
velocity, distance, accuracy, and sport performance. 

Velocity 
Of the nine studies, four found a significant increase 
in velocity following core stability training,26-29 while 

Figure 1. PRISMA Flow Diagram.
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Table 1. Sample Demographics by Study.
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one study found no correlation between core stabil-
ity and velocity.30 Throwing velocity26-28 and swim-
ming velocity29 were shown to improve, while tennis 
serving speed30 did not. Increases in maximum 
velocity were reported to range from 4.3% to 6%.26-28 

Distance
One study found a statistically significant correla-
tion between core strength and throwing distance.31 
Another study assessed the correlation between 
core endurance and throwing distance and found 
a statistically significant correlation between these 
variables.32

Accuracy
One study examined the effects of lumbopelvic 
control on throwing accuracy measured using the 
FTPI.33 Lust et al. tested the effect of core stability 
training on throwing a ball accurately into a marked 
zone. There was a significant difference in the FTPI 
scores between the two groups, where the core sta-
bility training group improved throwing accuracy by 
6.1% on average.33

Sport Performance
One study assessed the correlation between sport 
performance and core stability. Pelvic deviation 

Table 2. Methodological Quality of Included Studies (Mixed Methods 
Appraisal Tool).
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obtained from Level Belt testing was correlated 
to performance data. This study demonstrated 
increased core stability correlated with improved 
performance. Pitching performance, including 
innings pitched, walks plus hits per inning, batting 
average against, strikeouts per inning, and walks per 
inning, showed moderate effect sizes ranging from 
0.45 to 0.79.34 

Injury
Six studies examined the correlation between lum-
bopelvic control and injury, including pain, injury, 

and self-reported disability.35-40 Five of the six stud-
ies found lumbopelvic control to have a significant 
correlation with the occurrence of injury,35-39 with 
three of these five demonstrating moderate to strong 
correlations.35-37 The remaining study found no sig-
nificant correlation between lumbopelvic control 
and injury.40 Table 4 contains the results from these 
articles.

Pain
Endo et al. examined the relationship between core 
endurance and the development of arm pain during 

Table 3. Results of Studies Involving Performance.
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the season.38 Prone bridge time decreased by 9.4 sec-
onds in the pain group and 3.2 seconds in the non-
pain group. In addition, nondominant side bridge 
time decreased by 6.5 seconds in the pain group and 
2.7 seconds in the non-pain group. However, domi-
nant side bridge time increased by 3.2 seconds in 
the pain group and decreased by 5.7 seconds in the 
non-pain group between the beginning and end of 
the season. The pain group had lower scores in two 

of the three measures from the beginning to the 
end of the season, therefore suggesting a correlation 
between lumbopelvic control and presence of pain.38

Pain and Self-Reported Disability
Four studies assessed pain and self-reported dis-
ability and examined its relationship to core stabil-
ity.36,37,39,40 One study found core endurance was 
correlated with shoulder pain and disability,39 while 

Table 4. Results of Studies Assessing Shoulder Injuries.
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another found no correlation.40 Core endurance and 
decreased single leg stance were negatively corre-
lated with increased shoulder pain and disability.36 
One study found a positive correlation with double 
leg lowering (DLL) and the KJOC questionnaire, 
indicating decreased core stability correlated with 
increased shoulder pain and disability.37 

Injury
Chaudhari et al. (2014) examined the role of lum-
bopelvic control and time missed due to injury.35 
Individuals with poor lumbopelvic control missed 
more days (mean = 98.6 days) than individuals 
with moderate or good (mean = 43.8 days; p=0.017) 
lumbopelvic control. In addition, subjects with poor 
lumbopelvic control were approximately four times 
as likely to miss 30 days of playing time (OR: 4.11; 
95% CI, 1.43-11.8).35

DISCUSSION
The purpose of this systematic review was to examine 
the effect of lumbopelvic control on overhead perfor-
mance and shoulder injury in overhead athletes. The 
overall results suggest greater lumbopelvic control is 
related to improved athletic performance and decreased 
prevalence of injuries in overhead athletes. However, 
this finding was not consistent across all included stud-
ies. Among the included studies, multiple methods 
were used to assess lumbopelvic control which made 
it difficult to directly compare lumbopelvic control 
across studies. Due to the importance of both strength 
and motor control on lumbopelvic control, both mea-
sures were included. The most frequently reported 
measures included variations of single-limb stance, 
isokinetic strength (flexion, extension, and rotation), 
and isometric endurance. Lumbopelvic strength was 
measured using isokinetic machines which allowed 
consistent speed and resistance throughout range of 
motion. Lumbopelvic stability was measured by iso-
metric control of the hip and core. While single-limb 
stance can be used as a measure of balance, studies 
utilizing this measure assessed pelvic deviation from 
neutral or self-selected neutral, making it a measure of 
lumbopelvic control. Static measures assessed single-
plane movements while dynamic measures assessed 
multi-plane movements. 

Eight studies used static measures to quantify lum-
bopelvic control,30,32,34-36,38-40 six studies used dynamic 

measures,26-29,31,33 and one study used both static 
and dynamic measures.37 Of the nine studies utiliz-
ing static measures, seven found a correlation32,34-39 
between lumbopelvic control and overhead perfor-
mance or shoulder injuries. Despite these correla-
tions, this does not indicate lumbopelvic control 
was the cause for change but does demonstrate the 
relationship between lumbopelvic control and per-
formance and injury rate. All seven studies utiliz-
ing dynamic measures found statistically significant 
correlations between lumbopelvic control and over-
head performance/injuries or differences between 
intervention and control groups.26-29,31,33,37 The study 
that examined both static and dynamic control only 
found statistically significant differences in the 
dynamic measure.37 Since athletic performance is 
dynamic, these findings may indicate dynamic lum-
bopelvic control assessments may be more appropri-
ate for this population as static measures may have a 
ceiling effect when used with an athletic population. 

The results of the lumbopelvic training programs 
suggest dynamic exercises have a larger positive 
impact on velocity and accuracy when compared 
to isometric exercises.26-29,33 Five studies utilized a 
dynamic program training the lumbopelvic region 
in multiple planes. These findings suggest that 
improving lumbopelvic control has a positive effect 
on performance. However, there were inconsisten-
cies in program duration, resulting in difficulty in 
defining the optimal time frame for improvements 
to be observed.

Interestingly, Sogut et al. was the only study to find 
a negative correlation between lumbopelvic stability 
and overhead performance. The negative correla-
tion was seen in male subjects, however there was a 
positive correlation in female subjects. This peculiar 
finding may be due to the small sample size used 
in this study.30 A larger, more representative sam-
ple may provide more clarity and consistency with 
results between males and females. Additionally, 
this study used static assessments of core stability 
where as previously mentioned, a dynamic measure 
may have been more applicable.

Endo et al. found an inverse relationship between 
lumbopelvic control and pain development indi-
cating that poorer lumbopelvic control may be 
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related to higher prevalence of pain development.38 
However, it is unclear if the development of pain 
occurred due to diminished lumbopelvic control, or 
if pain was the cause for diminished control. Physi-
cal fatigue over the course of the season may be a 
key factor in this relationship, however causative 
factors and timeframe of pain development are not 
clear. When lumbopelvic control diminishes due to 
fatigue, the body may compensate and alterations in 
throwing mechanics change, which may contribute 
to the development of injury. 

The results of the current systematic review agree 
with the conclusions from the systematic review 
by Reed et al. to a certain extent.41 The systematic 
review by Reed et al. assessed upper and lower 
extremity athletic performance measures, where the 
current review assessed performance and injuries 
specific only to the shoulder in overhead athletes. 
Their findings revealed that subjects who partici-
pated in core specific training improved in strength 
assessments; however, they only observed marginal 
improvements in athletic performance. Although 
it was concluded that isolated core training should 
be incorporated in training, it should not be the pri-
mary emphasis. 

Similarly, Silfies et al. conducted a critical review of 
the effect of core stability on upper and lower extrem-
ity athletic performance and injury. The review dis-
cussed that current evidence is directed towards the 
core and lower extremity training and the authors 
concluded that there is a correlation between core 
stability and athletic performance and injury, but 
a causal relationship cannot be declared.42 Wilk et 
al. emphasize the importance of core stability train-
ing in overhead throwing athletes, concluding that 
exercises linking the upper and lower extremities 
through the core are essential to developing power 
for throwing.7 Both of these author groups empha-
size the importance of the lumbopelvic complex 
as a part of the kinetic chain. However, Silfies et 
al. focused on athletes with upper extremity inju-
ries while Wilk et al. focused on throwing athletes. 
Because this review focused on the shoulder joint in 
all overhead athletes, the current evidence synthe-
sis compliments these articles.

The authors of this systematic review were not able 
to locate published MCID values for many of the 

included outcome variables, limiting in-depth analy-
sis of clinical significance. Additionally, variability of 
statistical methods and outcome measures assessed 
within the included studies makes consistent assess-
ment of clinical significance challenging. Although 
the presence of statistically significant differences 
does not indicate clinical significance, many of the 
included studies contained statistically significant 
results. Given the competitive nature of various lev-
els of athletic competition, any improvement in per-
formance or reduction in injury has the potential to 
represent a meaningful impact.

The current systematic review had several limita-
tions. Studies were limited to those published in 
English, which may have caused relevant studies to 
be excluded. Although the kappa score for level of 
agreement during title and abstract screening was 
considered “fair”, authors were able to come to a 
consensus before proceeding to full text screening. 
Additionally, several studies did not report neces-
sary means and standard deviations, which limited 
the authors ability to calculate effect sizes. Included 
studies had quality assessment scores ranging from 
0% to 100%, reflecting the quality variability of the 
current literature. A wide range of scores may also 
be attributed to the specificity of certain MMAT cri-
teria, and open interpretation for others. Although 
the MMAT was appropriate for this review, qual-
ity scores may have differed if design specific tools 
were used. In addition, there were a multitude of 
outcome measures used to assess performance and 
injury, and not every measure was specific to the 
shoulder joint. Therefore, results from this review 
generalized to the shoulder joint, may be expanded 
to the upper extremity in some cases.

Although there appears to be a relationship between 
lumbopelvic control and performance and injury, it 
is difficult to determine a causal relationship due to 
a lack of high-quality evidence. In the future, higher 
quality research is needed to further support the 
findings of the studies included in this review. Larger 
sample sizes that are more representative of specific 
populations are needed. Future research should 
attempt to create a standard definition of lumbopel-
vic control to determine reliable and valid measures 
of this complex. A comprehensive list of dynamic 
lumbopelvic exercises would also be beneficial to 
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readers for implementation into current training 
programs. It would also be worthwhile to assess the 
long-term benefits lumbopelvic control training has 
on athletic performance and injuries in the shoul-
der, as well as more distal joints.

CONCLUSIONS
The results of this systematic review indicate that 
greater lumbopelvic control may be related to 
improved athletic performance and decreased prev-
alence of injuries in overhead athletes. Athletes, 
coaches, physical therapists, and other healthcare 
providers can utilize the results of this systematic 
review to inform the design and implementation of 
exercise programs targeting overhead athletes and 
potentially impact the prevention of injury. 
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ABSTRACT
Background: Femoroacetabular Impingement (FAI) is becoming increasingly more common with noted impairments 
in physical function, increased pain, and decreased quality of life. Typically, a conservative approach is used through 
physical therapy or intra-articular injections before an invasive surgical approach is utilized. Identifying the proper 
course of conservative care by the clinician will aid in improving outcomes. 

Purpose: The purpose of this systematic review and meta-analysis was to investigate short-term effects of conserva-
tive physical therapy and intra-articular injections on pain and physical function measures in patients with FAI. 

Study Design: Systematic Review & Meta-Analysis. 

Methods: A systematic review and meta-analysis were completed using Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines and registered with the International Prospective Registry of Systematic 
Reviews. A literature review was performed in May 2018 using Pubmed, CINAHL, Proquest, and Scopus. Inclusion 
criteria included humans classified as having femoroacetabular impingement, conservative rehabilitation, and utili-
zation of outcome measures in the domains of pain or function. Exclusion criteria included absence of skilled interac-
tion and study protocols that were not completed. 

Results: Seven studies were included that summarized physical therapy or intra-articular injection outcomes for 
femoroacetabular impingement management. Results showed that conservative interventions for short-term periods 
are effective in reducing pain and improving function for femoroacetabular impingement. Overall, physical therapy 
revealed moderate to large effect sizes and statistically significant differences in both pain (SMD, 0.91, CI: 0.07, 1.76, 
p=0.030) and function (SMD, 0.80, CI: 0.34, 1.28, p=0.001) for femoroacetabular impingement. Intra-articular injec-
tion demonstrated small effect sizes for pain outcomes (SMD, 0.29, CI: -1.25, 1.83, p = 0.710) and small to moderate 
effect size for improvement in function (SMD, 0.49, CI: 0.03, 0.96, p = 0.040). 

Conclusions: Physical therapy demonstrated positive results to self-reported pain and function and may hold more 
promise than intra-articular injection alone. Common treatments that were associated with improved outcomes were 
patient education, activity modification, manual therapy, and strengthening. There are a limited number of high-
quality articles on this topic, which should be addressed in future research. 

Level of Evidence: 1a. 

Keywords: conservative management, femoroacetabular impingement, pain, physical function, physical therapy
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INTRODUCTION
Femoroacetabular Impingement (FAI) has been 
gaining more recognition over the last several years, 
especially in the younger athletic population. Femo-
roacetabular Impingement is a pathology caused 
by a bony adaptation or malformation of either the 
acetabulum, femoral head or both and is predomi-
nately seen in an athletic population with a higher 
prevalence in younger individuals, Caucasians, and 
females.1-3 When symptoms do become problematic, 
pain and decreased physical function are commonly 
noted. Common complaints of FAI are groin pain, 
pain with hip motions (especially hip flexion and 
internal rotation), activity limitations, and restricted 
range of motion.1,2

FAI can occur as a result of bony overgrowth of the 
femoral neck or the acetabulum resulting in struc-
tural abnormalities which cause friction between 
the joint structures and microtrauma to the labrum 
and cartilage.1,2 If left untreated, this pathology 
can lead to: labral avulsion, pain, chondral dam-
age, and secondary osteoarthritis.2 The etiology 
for FAI is unclear; however, there are several theo-
ries including the presence of pediatric conditions, 
prior trauma to the femoral neck, genetic predis-
position, and high intensity activities in adolescent 
years.1,2

This condition can cause a financial burden due 
to the costly imaging and interventions needed for 
diagnosis. Since the most effective medical manage-
ment option for FAI is still under investigation, an 
individual often endures a myriad of interventions 
before relief of symptoms is experienced. Treatment 
options range from less invasive options, such as 
medications and physical therapy, to more invasive 
procedures including intra-articular injections and 
even surgical intervention. The utilization of mul-
tiple conservative treatment interventions may con-
sume resources such as time, energy, and money 
potentially negatively impacting their quality of life. 
A study4 reported that the average amount spent 
on health care for a patient with FAI was $2,456.97; 
which includes visits with a primary care physician, 
medication, diagnosis of labral impairments, and 
conservative management; while a different study5 
estimated the cost of hip arthroscopy surgery in 
patients with FAI to be $21,700.

Initially, the impairments associated with FAI are 
often addressed with conservative measures, includ-
ing physical therapy and intra-articular injections. 
Current physical therapy practice for FAI has shifted 
away from stretching and passive range of motion 
(ROM), in favor of strengthening the hip flexors, glu-
teal muscles, and abdominals.6,7 Patient education 
on activity modification to avoid extreme ROM’s that 
provoke patient’s symptoms is another component 
of physical therapy practice.6,7 

Intra-articular injections are more invasive forms of 
conservative management. Corticosteroids or hyal-
uronic acid injections are administered into the hip 
joint space to aid in pain relief.8 Khan et al.8 con-
cluded that intra-articular hip injections could play 
a role in the diagnosis, treatment, and prognosis of 
FAI. However, the therapeutic benefits of intra-artic-
ular injections related to the short and long-term 
outcomes continue to be investigated.

FAI can lead to chronic and debilitating symptoms 
if left untreated.1,2,3 Identifying the most effective 
course of treatment early can not only improve the 
patient’s quality of life, but could possibly prevent 
further financial burden. Therefore, the purpose of 
this systematic review and meta-analysis is to inves-
tigate short-term effects of conservative physical 
therapy and intra-articular injections on pain and 
physical function measures in patients with FAI.

METHODS 
This systematic review and meta-analysis was 
conducted in accordance with the Preferred 
Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) guidelines. PRISMA is a pro-
spective 27-item checklist and 4-phase flow diagram 
utilized to aid author reporting in systematic reviews 
and meta-analyses.9 This manuscript was registered 
with the International Prospective Registry of Sys-
tematic Reviews (PROSPERO). PROSPERO is a data-
base that prospectively evaluates systematic reviews 
in relation to the health outcomes for proper writing 
procedures and to prevent duplicity of published lit-
erature (#CRD42018084845).

Search Strategies
Search strategies for PubMed, CINAHL, ProQuest, 
and Scopus electronic databases were developed 
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questions that are analyzed and given a response of 
“Yes”, “No”, or “Can’t tell”. The appropriate category 
of questions is chosen based on study design to bet-
ter inform the assessment of quality of included 
studies. Study design questions include qualitative, 
quantitative randomized controlled trials, quanti-
tative non-randomized, quantitative descriptive, 
and mixed methods. Four questions are assessed, 
per appropriate section chosen, and are weighted 
equally at 25% intervals per ‘yes’ responses.  The 
fifth section of the MMAT contains three questions 
for which every ‘no’ response yields an additional 
25% to the total score. Scores can range from 0% 
to 100%. This tool is both a reliable and valid mea-
sure to interpret the quality of the included arti-
cles.12 Two authors independently assessed for risk 
of bias in the included articles. Where differences 
were present, both authors deliberated and came to 
a mutual conclusion on the methodological quality. 
An unweighted kappa with 95% confidence interval 
was calculated to assess strength of agreement and 
inter-rater reliability during the quality checklist 
assessment.10  

Data Extraction and Analysis
Two individuals participated in data extraction. One 
individual selected the data while the other individ-
ual verified the selection for accuracy. The charac-
teristics extracted from the included articles are as 
follows: (1) title, (2) author, (3) publication date, (4) 
study level of evidence, (5) population demograph-
ics (including age and gender), (6) study duration, 
(7) surgery, (8) rehabilitation intervention and fre-
quency, (9) outcome measures utilized in each study 
and length of time between baseline and follow-up, 
(10) results of the outcome measures at base-line 
and follow-up including means and standard devia-
tions, (11) quality assessment score,  (12) effect size, 
(13) adherence rate. 

Outcome/Summary Measures
Outcome measures included in this study were 
classified into either a pain or physical function 
domain. The outcomes are compared across studies 
and extracted to observe improvements of physical 
function and pain. Short-term outcomes are defined 
as changes in a patient’s symptoms while receiving 
the intervention; consequently, this review defines 

in May 2018. All databases were searched using a 
comprehensive strategy that included search terms 
related to conservative interventions for individu-
als with FAI. There were limits applied to: (1) Pub-
lication date of articles limited from 1999 to present 
based on FAI inception and prevalence of the term, 
(2) humans (3) English language, and (4) level of evi-
dence higher than case studies to improve the qual-
ity of data synthesis. A hand search of completed 
Systematic Reviews on FAI was performed for inclu-
sion of relevant articles. Grey literature searches 
were utilized through Clinical Trial sites and Google 
Scholar for thoroughness of article inclusion. The full 
Pubmed search strategy can be found in Appendix I. 

Eligibility Requirement
Studies were considered for inclusion in this system-
atic review and meta-analysis based on the follow-
ing characteristics: (1) humans classified as having 
FAI, (2) conservative rehabilitation management in 
the form of physical therapy and/or injections (3) 
utilization of an outcome measure in the domains 
of pain or function.  Exclusion criteria consisted of: 
(1) no rehabilitation protocol, (2) cadaveric studies, 
(3) level of evidence lower than cohort study, (4) 
interventions that lacked skilled interaction by a 
licensed professional, (5) study protocols that were 
not completed.

Study Selection
Article titles and abstracts as well as full texts were 
each screened independently by two authors to look 
for relevant publications that satisfied inclusion and 
exclusion criteria. In cases of disagreement, the two 
authors discussed their differences and came to a 
final agreement about inclusion. At the end of both 
screens, an unweighted kappa score was calculated 
to determine the strength of agreement between the 
two reviewers.10 Kappa scores are interpreted as fol-
lows: κ <0.00 is poor agreement, 0.00-0.20 slight, 
0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 substan-
tial, and 0.81-1.00 almost perfect agreement.11

Risk of Bias
The McGill Mixed Methods Appraisal Tool (MMAT) 
was used to assess the quality of the included arti-
cles. This tool includes two screening questions and 
five categories of mixed methods study component 
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Meta-Analysis (Biostat; Englewood, NJ), Version 3. 
One study23 was not included in the meta-analyses 
due to a lack of reported statistical data. Both meta-
analyses were completed using the standardized 
mean difference (SMD) as the summary measure of 
effect. SMD with 95% confidence intervals (CI) were 
used. I2 statistics were calculated in order to deter-
mine the level of heterogeneity between included 
studies. The I2 statistic is more useful than the Q test, 
which only indicates the presence versus absence 
of heterogeneity.18 Percentages used by Higgins and 
Thompson19 were utilized to quantify the magnitude 
of heterogeneity: 25% = low, 50% = medium, 75% 
= high heterogeneity. Utilizing the scale, if I2 was 
<50%, a fixed effects model was used, and if the I2 
was >50%, a random effects model was used. Inter-
pretation of effect size will be defined by the follow-
ing scale: 0.2 as small, 0.5 as moderate, and 0.8 as 
large effect sizes.20

Risk of bias was assessed via funnel plot construc-
tion.  A symmetrical funnel plot indicates low risk 
of publication bias, whereas an asymmetrical funnel 
plot indicates a higher risk of publication bias.21

RESULTS

Study selection
This study identified 2,877 titles, with eight located 
through hand searches and 2,869 through databases.  
Overall the search provided 2,692 studies after the 
removal of duplicates. After the title and abstract 
screen, 123 full text studies were assessed, and 116 
studies were excluded because they did not meet the 
inclusion criteria. The remaining seven studies22-28 
were included in the systematic review and meta-
analysis. Screening of titles and abstracts as well as 
full texts resulted in substantial agreement between 
the reviewers with κ = 0.72, (95% CI, 0.65-0.78) and 
κ = 0.79 (95% CI, 0.62-0.95) respectively. Refer to 
Figure 1 for the study selection process.

Risk of Bias within Individual Studies
The seven studies22-28 were evaluated using the Mixed 
Methods Appraisal Tool with κ = 0.55 (95% CI, 0.18-
0.90) demonstrating moderate agreement between 
reviewers.11 Scores ranged from lower quality (25%) 
to higher quality (100%).  Five studies22-24,26,27 were 
determined to have moderate to high risk of bias due 

short-term as measurements taken within the first 
six months of intervention.13 

The pain outcome measures are the Visual Analogue 
Scale (VAS) and the Numerical Rating Scale (NRS). 
The VAS and NRS are unidimensional measures of 
pain intensity that are both reliable and valid.14,15 In 
both assessments, a higher score indicates greater 
pain intensity whereas a lower score indicates lower 
pain.14 The VAS scale is represented in varying 
forms such as an 11-point scale, 100-point scale, or 
a 10 cm visual reference, all of which are accepted 
forms of the VAS scale. Comparatively, the NRS is a 
self-report measure of pain intensity on a 11-point 
scale 0-10.14 In this study there were three outcome 
measures that had a similar study design to the NRS. 
The outcome tools were the Oral Numeric Scale 
(ORS), Numeric Pain Scale (NPS), and Numeric Pain 
Rating Scale (NPRS). Due to similarities in the mea-
surements and design, the description of the NRS 
encompasses these tools.

Physical function outcome measures are the Hip 
Outcome Score (HOS), Harris Hip Score (HHS), and 
Hip Disability and Osteoarthritis Outcome Score 
(HOOS).  The HOS is an instrument to assess self-
reported functional status in the domains of activi-
ties of daily living (ADL) and sports related activities. 
The HOS scoring rates 100 being the patient’s prior 
level of function and 0 being unable to perform the 
task. The HOS has shown to be reliable and valid in 
the research for acetabular labral tears.16 The HHS 
is both reliable and valid to assess pain, function, 
and range of motion following hip surgery.17 The 
score has a maximum of one hundred points, with a 
higher score representing an improved status. There 
are five subsections of this outcome measure: pain 
(one item, 0–44 points), function (seven items, 0–47 
points), absence of deformity (one item, 4 points), 
and range of motion (two items, 5 points).17 The 
HOOS is an instrument to assess the patients’ opin-
ion about their hip and associated disabilities for use 
in adults with and without osteoarthritis. This scale 
ranges from 0-100 with 0 indicating maximal disabil-
ity and 100 indicating no symptoms. The HOOS has 
shown to be reliable and valid in the research for 
postoperative hip interventions.17 

Meta-analyses were completed for self-reported 
pain and physical function using Comprehensive 
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regarding the studies specific intervention tech-
niques and dosage can be found in Table 3.

Results of Individual Studies 
Seven studies assessed self-reported pain following 
the use of conservative interventions in FAI and 
utilized the following scales: VAS,24,26,27 some varia-
tion of the NRS,22,23,25 and the HOOS-P.28  Six studies 
measured self-reported physical function outcomes 
following the use of conservative interventions in 
FAI and utilized the following tools: HHS or modi-
fied HHS (mHHS),26,27 HOS ADL,24,25 and HOOS.23,28 
Outcome measures for pain and function in both 
treatment groups were assessed at two different 
timepoints: pre and post treatment. The meta-anal-
ysis was conducted on six of the seven studies.22,24-28 
The authors of one study23 were contacted for addi-
tional data, but did not respond. 

to unclear descriptions of overall outcomes, consid-
erations on how the findings relate to context and 
researchers’ influence, or consideration on limita-
tions of the studies. Quality assessment scoring is 
summarized in Table 1. 

Study Characteristics
Seven studies were included in this meta-analysis, 
four24,25,27,28 on physical therapy management and 
three22,23,26 investigating intra-articular injections for 
FAI.  All study details including sample size, patient 
age, intervention type, outcome measure, timepoint 
assessed, results, and details of the physical therapy 
intervention are found in Table 2.  The studies involv-
ing physical therapy included a variety of interven-
tions such as stretching, hip and core strengthening, 
manual therapy, functional training, and patient 
education on activity modification.  Further detail 

Figure 1. PRISMA Flow Diagram.
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Table 1. Methodological Quality of Included Studies – Mixed Methods Appraisal Tool.

Table 2. Characteristics of Studies.
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the use of physical therapy interventions.  Results of 
the four studies demonstrated a significant improve-
ment in function and a large effect size (SMD, 0.80, 
CI: 0.34, 1.28, p=0.001).  When analyzing the pooled 
impact of both conservative interventions for FAI, a 
significant improvement in function and a moderate 
effect size was demonstrated (SMD, 0.65, CI: 0.32, 
0.98, p≤0.001).  See Figure 2 and Table 4 for meta-
analysis results.

DISCUSSION
The purpose of this systematic review and meta-anal-
ysis was to analyze the results of two conservative 
interventions, intra-articular injections and physical 
therapy, within the domains of self-reported pain 
and physical function.  Results demonstrated that 
physical therapy had significant positive changes in 
self-reported pain and function whereas intra-articu-
lar injections results were inconsistent. Overall, the 
literature demonstrated that conservative treatment 
(both injection and physical therapy) for this con-
dition presented with moderate to large effect sizes 
and significantly impacted self-reported pain and 
function in individuals with FAI. 

Pain 
Two of the six studies22,26 assessed self-reported pain 
after the use of an intra-articular injection.  These 
studies did not demonstrate statistically significant 
differences in self-reported pain and had a small 
effect size (SMD, 0.29, CI: -1.25, 1.83, p = 0.710).  
Four of the six studies24,25,27,28 assessed self-reported 
pain after the use of physical therapy interven-
tions.  Results demonstrated a significant reduc-
tion in pain and a large effect size (SMD, 0.91, CI: 
0.07, 1.76, p=0.030).  When analyzing the pooled 
impact of both conservative interventions for FAI, a 
significant reduction in pain and a moderate effect 
size was demonstrated (SMD, 0.77, CI: 0.03, 1.51, 
p=0.040).  See Figure 2 and Table 4 for meta-analy-
sis results.

Physical Function 
One of the six studies26 assessed self-reported func-
tion after the use of intra-articular injection.  This 
study did not demonstrate statistically significant 
differences in self-reported function and had a small 
effect size (SMD, 0.49, CI: 0.03, 0.96, p = 0.040).  
Four of the six studies24,25,27,28 assessed function after 

Table 3. Available Study Interventions.
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FAI is a condition that results in impairments that 
can be addressed by physical therapy interventions. 
All four studies that evaluated physical therapy 
interventions,24,25,27,28 utilized patient education and 
activity modification techniques in patients with 
FAI, and were effective in producing significant 
changes in self-reported pain and function.  Educa-
tion on the condition and activity modification tech-
niques aimed at avoiding painful ranges of motion, 

including flexion and internal rotation during ADLs, 
can potentially limit the progression of symptoms.29 
 However, it is unclear the short-term impact of 
patient education and activity modification in iso-
lation because they occurred simultaneously with 
other interventions in these studies.  

Strength training is a common intervention used in 
a physical therapy plan of care.  Previous literature 

Figure 2. Standard difference in means in individual studies comparing injection, physical therapy, and overall combined con-
servative treatment for short-term (A) pain and (B) function. Squares represent study-specifi c fi ndings and diamond represents 
summary estimates of random effects meta-analysis.  CI= Confi dence Interval, Inj= Injection, PT= physical therapy..

Table 4. Meta-analysis for short-term impact.
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has also demonstrated that patients with FAI have 
weaker hip musculature than a healthy population.30 
Three of the four studies24,25,28 included hip strength-
ening in their plan of care for patients with FAI.  
Strengthening exercises can be utilized to address 
muscular imbalances and dynamic control deficits 
in the hip, potentially improving the patient’s tol-
erance for his or her desired activities.  This may 
ultimately lead to improved function and quality of 
life.   Although strength outcomes were not analyzed 
in this meta-analysis, the duration of the strength-
ening programs appeared to be of an appropriate 
length to possibly induce changes in strength, size, 
or activation patterns of the muscles of the hip joint.  
However, frequency of training was not consistent 
within these studies and ranged from twice a week 
to several visits per month.  Adherence to the indi-
vidual strengthening program completed outside of 
supervised exercise was also not clearly reported.  
Both frequency of treatment and adherence to the 
exercise program established by the physical thera-
pists could have had an impact on these results.  

Joint mobilization and manipulation techniques are 
used for a variety of reasons including pain relief and 
improving range of motion.31 Three of the four stud-
ies24,25,28 in this meta-analysis included some form 
of manual therapy, including soft tissue mobiliza-
tion, manual stretching, and joint mobilizations and 
manipulations.  For FAI, an improvement in range of 
motion resulting from manual therapy techniques 
could improve the patient’s ability to perform func-
tional activities with lower levels of pain.  However, 
it’s unclear as to which manual techniques are effec-
tive as these were not clearly defined in two of the 
three studies.  In the study by Wright et al.,25 the 
treatment protocol and included manual therapy 
techniques were clearly explained and those authors 
were able to produce small to moderate effect sizes 
related to pain and function.  

Pain and limited function are two common results of 
FAI and a sequelae of FAI, osteoarthritis (OA).  Intra-
articular injections are commonly used for these 
two conditions with mixed results.22,26,32 The results 
of this meta-analysis support the variability of the 
effectiveness of injections on self-reported pain and 
function in FAI.  As with physical therapy interven-
tions, the frequency of the treatment can have an 

impact on its effectiveness.  Previous literature32 in 
the area of hip OA reported the greatest improve-
ment in function and pain to be within one week of 
a steroid injection with a gradual decline in effects 
thereafter.  The results of this meta-analysis for miti-
gation of pain are contradictory to this suggestion.  It 
appears multiple injections over six months26 is more 
effective in reducing pain in FAI. However, there 
were only two studies utilizing injections that were 
included for pain and one study included for func-
tion in this meta-analysis.  Furthermore, one study 
was excluded from the meta-analysis due to limited 
reporting of data. Therefore, it may be difficult to 
completely determine the effectiveness of injections 
for the treatment of FAI based upon this analysis.

FAI is a structural deformity that requires surgery 
in the form of arthroscopy or open hip dislocation 
to correct the abnormality. Surgical intervention is 
accompanied by many risks, adverse effects, and 
increased costs.4,5  Previous literature supports the 
use of physical therapy either in place of or prior 
to surgery to improve outcomes related to FAI.7,29,33  
 Prior to resorting to surgery, conservative interven-
tions could be utilized to improve self-reported pain 
and function and ultimately decide if surgery is nec-
essary, thereby reducing the risk and financial bur-
den of this condition.

This systematic review and meta-analysis had sev-
eral limitations.  The exclusion of non-English stud-
ies may have resulted in applicable studies being 
omitted.  Quality assessment revealed the included 
studies had varying amounts of potential bias which 
may have influenced the results.  Another limiting 
factor of this study is the limited number of studies, 
particularly in the area of intra-articular injections.  
This limits the total number of participants included 
in the aggregate calculations and comparisons.  Fur-
thermore, one study23 did not report enough statisti-
cal data to be included in the meta-analysis, despite 
demonstrating favorable results.  Finally, limitations 
in intervention reporting could limit the applicabil-
ity to current clinical practice.  

Due to the limited amount of high-quality literature 
on this topic, it is evident that further research is 
needed to improve medical management for patients 
with FAI. A study comparing the effectiveness of 
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intra-articular injection to physical therapy as well as 
combining the two interventions would provide fur-
ther insight into effectiveness of the various conser-
vative interventions. This information could assist 
clinicians in determining the proper course of medi-
cal management for FAI.  Another study could also 
compare the outcomes of conservative intervention 
to surgical procedures to further assist the clinician 
in patient management. Finally, research investigat-
ing the impact of conservative care on functional 
performance and pain with daily and sport related 
activities in patients with FAI is indicated.

CONCLUSIONS 
Current literature includes various studies investi-
gating the outcomes concerning FAI and what may 
be the proper course of treatment. The results of 
this systematic review and meta-analysis indicate 
that conservative intervention results in beneficial 
outcomes related to reduction of pain and improve-
ment of function in patients with FAI. Physical 
therapy demonstrated positive results related to self-
reported pain and function as well as in comparison 
to intra-articular injection alone. The results of this 
study could be implemented into clinical practice 
along with clinician expertise to improve the care 
and medical management for individuals with FAI. 
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ABSTRACT
Background: Lower extremity sprain and strain injury constitutes a large percentage of lower extremity injuries 
experienced by soccer players. Yet, very limited data exists on the association between core strength and endurance 
and this injury.

Purpose: The purpose of this study was to compare core muscle endurance and hip muscle strength between soccer 
players who experienced non-contact lower extremity sprain and/or strain injury during their season and those who 
did not. Additionally, the frequency of injury was correlated with core muscle endurance and hip strength, and endur-
ance was used for predicting the risk for injury.

Study Design: Prospective cohort

Methods: Twenty-one (35.59%) athletes experienced non-contact lower extremity sprain and/or strain injury during 
the season. Fifty-nine male athletes (mean age 20.92±4.08 years, mass 77.34±12.02 kg and height 1.79±0.06m) were 
tested. Prior to the start of the season, prone-bridge, side-bridge, trunk flexion and horizontal back extension hold 
times were recorded for endurance assessment and peak hip abductor and external rotator isokinetic torques for 
strength assessment.  

Results: Prone-bridge and side-bridge hold times were significantly longer in the non-injured players when compared 
with the times of the injured players (p=0.043 & 0.008 for the prone-bridge and side-bridge, respectively). There were 
significant negative correlations between the frequency of injury and both prone-bridge (r=-0.324, p=0.007) and 
side-bridge (r=-0.385, p=0.003) hold times. Logistic regression analysis revealed that side-bridge hold time was a 
significant predictor of injury (OR=0.956, CI=0.925-0.989).

Conclusion: Soccer players with non-contact lower extremity sprain and/or strain have less core endurance than 
non-injured players. Reduced core endurance is associated with increased incidence of injury. Improving side-bridge 
hold time, specifically, may reduce the risk for injury.

Level of evidence: 1b 

Keywords: Core endurance; hip strength, soccer; sprain and strain injuries 
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INTRODUCTION
Soccer is a worldwide team sport that involves 
repetitive high-velocity activities including running, 
jumping, sprinting, ball-kicking, changing direction, 
acceleration, deceleration, and physical contact with 
the opponents. This imposes great technical, physi-
cal and physiological demands that increase the risk 
for injury.1,2 Most soccer injuries occur in the lower 
extremities (61-82%) especially at the ankle (28%) 
and knee (19%)3,4 with sprain and strain injuries 
constituting more than one-half of all collegiate inju-
ries that require athletic trainer attention.5 That is 
why clubs invest in time and resources for reducing 
injury incidences.6 

A theoretical framework of the association between 
core muscle dysfunction and musculoskeletal injury 
became popularized over the past decade with lim-
ited scientific evidence.7 Adequate core (lumbo-
pelvic-hip) musculature neuromuscular control is 
required during lower limb dynamic activities to 
assure dynamic joint stability.8,9 Improper control 
predisposes lower limb joints to uncontrolled dis-
placements, and excessive loading.9,10 Upon exceed-
ing supporting soft tissue tensile threshold, these 
excessive stresses can cause mechanical failure.11 

Imbalance in core musculature strength that con-
trols pelvic-femoral alignment in the transverse and 
frontal planes causes lower limb misalignment that 
may increase the risk for injury.12 Strong hip abduc-
tors and external rotators are necessary in unilateral 
limb support activities involved in soccer to avoid 
excessive hip adduction and internal rotation.13 The 
position of hip adduction and internal rotation that 
is associated with knee valgus and tibial external 
rotation is referred to as the “position of no return” 
being responsible for many injuries including ante-
rior cruciate ligament injury.14 A negative correla-
tion was previously reported between hip abductor 
peak torque (normalized to body mass) and dynamic 
knee valgus15 with every 1% increase in peak torque 
showing a decrease of 0.216º in knee valgus.16 Simi-
larly, a negative correlation was reported between 
hip external rotator strength and knee valgus.17 Ath-
letes with weak hip abductors and/or external rota-
tors have increased dynamic knee valgus.17-19 In the 
same context, hip muscle activity affects the force 
production ability of the quadriceps and hamstrings 

together with affecting their ability to resist forces 
experienced by the lower limb during jumping.20 

Very few studies have examined the association 
between core stability measures and musculoskeletal 
injury10,21-23 and none of them dealt with soccer ath-
letes. In addition, several limitations were identified 
in these studies. Leetun et al.,21 assessed hip muscles’ 
strength, however they examined isometric forces 
not isokinetic torques. Torque measurement takes 
in consideration height differences. For instance, if 
the injured players were systematically taller than 
the non-injured players, the difference between both 
groups in torques might have been less significant 
than force measurements.21 Their study used a hand-
held dynamometer for strength (force) assessment 
not an isokinetic dynamometer (torque). Pre-season 
isokinetic strength testing has been identified as a use-
ful tool for identifying soccer players that are poten-
tially at risk for injury. Testing helped in detecting 
strength imbalances that increased the risk of ham-
string injury.24 Specifically, impairment in eccentric 
hamstring action required in high velocity accelera-
tion and deceleration activities of soccer is associated 
with elevated risk for joint and muscle injury.25 

In an attempt to identify the risk factors for injury, 
Wilkerson et al.10 and Wilkerson and Colston23 con-
structed a prediction model for core and lower 
extremity sprain and strain injury in football play-
ers. However, several limitations were identified that 
might have confounding effects on prediction power. 
They examined players with and without low back 
dysfunction. Low back dysfunction increases the sus-
ceptibility to lower extremity injury.21,22,26 In addition, 
they examined a combination of risk factors includ-
ing core endurance, level of low back dysfunction, 
and game exposure to predict sprain and strain inju-
ries of both the core and lower extremities. Thus, the 
recorded and analyzed injuries were neither specific 
to core stability measures nor specific to the lower 
extremities. The intention of the current study was to 
examine the isolated contribution of core endurance 
and strength to lower extremity injury only. 

Since there are very limited data on the association 
between core stability and injury in the literature, it 
was of interest to compare core muscle endurance 
and hip muscle strength in injured players with 
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those of non-injured players. Rapid core muscula-
ture fatigue is reflected in poor core stability.27,28 For 
instance, fatigue of hip and lumbar extensors, specif-
ically, has been shown to contribute to forward trunk 
lean29 as well as reduced trunk proprioception28 and 
neural activation of lower limb muscles.26 The time 
a player is able to maintain static postures during 
core endurance tests that load the core muscula-
ture is valuable for quantifying the risk for injury.10 
Thus, the purpose of this study was to compare core 
muscle endurance and hip muscle strength between 
soccer players who experienced non-contact lower 
extremity sprain and/or strain injury during their 
season and those who did not. Additionally, the fre-
quency of injury was correlated with core muscle 
endurance and hip strength, and endurance was 
used for predicting the risk for injury.

Finally, core muscle endurance was used for pre-
dicting injury. Core endurance was the measure of 
interest as it is the most reliable measure of core 
stability followed by flexibility, strength, neuromus-
cular control and functional testing.30 It was hypoth-
esized that injured players would present with low 
core muscle endurance and diminished hip muscle 
strength. In addition, it was anticipated that low 
endurance would be associated with increased fre-
quency of injury. 

METHODS

Participants
Fifty-nine male professional soccer players (age 
16-35 years and BMI 19.2-29.7 kg/m2) were tested 
after giving informed consent. They were recruited 
from four clubs. To participate in the study, players 
needed to have a manual muscle test score of five 
for back and abdominal muscles.31 Other inclusion 
criteria included no history of sprain or strain injury 
during the previous season, no forms of lower limb 
or trunk trauma or back pain within the past year 
of testing,32 and no tightness in the hamstrings or 
iliopsoas muscles. No limit was set for the number of 
participants, however, 82 players volunteered, out of 
which 59 met the inclusion criteria.

Instrumentation
McGill core endurance tests33 were used for endur-
ance assessment. These included the prone-bridge, 

side-bridge, trunk flexion and horizontal back exten-
sion tests. One’s maximum ability to hold the test 
position was recorded in seconds.

The Biodex System 3 Pro multi joint testing and 
rehabilitation system (Biodex Medical System, Shir-
ley, NY, USA) was used to assess peak hip abductor 
and external rotator isokinetic torques. The system 
is an objective, reliable, and safe method for strength 
assessment with an intraclass correlation coefficient 
(ICC) of 0.99.34 It provides a valid measurement of 
angular position, torque and velocity. It is also used 
for training of different groups of muscles in the 
upper and lower limbs as well as the trunk.35 Cali-
bration of the Biodex dynamometer was performed 
according to the specifications outlined in the man-
ufacturer’s service manual. The Biodex Advantages 
Software v.3.33 corrected all torque values for the 
effect of gravity acting on the mass of lower leg and 
the mass of the dynamometer arm.

Procedures
The purpose of the study and the testing procedure 
were fully explained to the participants. Partici-
pants’ personal data were collected and the specified 
inclusion and exclusion criteria were verified. Leg 
dominance was specified for each participant; the 
preferred leg for kicking the ball. 

Core muscle endurance was assessed first followed 
by isokinetic hip muscle strength assessment. The 
prone-bridge test assesses primarily the anterior 
and posterior core muscles. It was conducted with 
the participant supporting body weight between the 
forearms and toes. The participant was instructed to 
keep the pelvis in a neutral position and the body 
straight (Figure 1A). The total time the participant 
was able to lift his pelvis from the table was recorded 
using a stopwatch. Failure was defined as when 
the participant lost neutral pelvis position and fell 
into excessive lumbar lordosis with anterior pelvic 
rotation.36 

The side-bridge test assesses lateral core muscle 
capacity, particularly the quadratus lumborum. It 
was conducted with the participant side-lying on the 
right side with the top foot being in front of the bot-
tom and the hips at zero degrees of flexion. The par-
ticipant was asked to lift his hips off the treatment 
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table, using only his feet and right elbow for support. 
The left arm was held across the chest with the hand 
placed on the right shoulder (Figure 1B). The total 
time the participant was able to lift his lower hip from 
the table was recorded using a stopwatch. Failure 
was defined as when the participant lost his straight 
posture and the hips fell towards the table. McGill et 
al.34 previously documented no significant difference 
between right and left side-bridge endurance times. 
Therefore, the recorded time for the right lateral core 
muscles (dominant side) was used for data analysis. 

The flexor endurance test assesses anterior core mus-
cles. It was conducted through recording the time 
the participant held a seated torso flexion position 
against gravity. The torso was flexed at 60° and the 
knees and hips flexed at 90°. The toes were secured 
by the examiner (Figure 1C). Failure was defined as 
when the participant’s torso fell below 60°.

Finally, the horizontal back extension test “modified 
Biering-Sorensen test” assesses the muscle capacity 
of the posterior core.34 It was conducted with the 
participant lying prone with the upper body held 
straight over the end of the table, and the pelvis, 
hips, and knees secured on the table by the exam-
iner (Figure 1D). The total time the participant was 
able to maintain the trunk in a horizontal position 
until he touched down on the bench in front of him 

with his hands was recorded in seconds using a stop-
watch. Failure was defined as when the upper body 
fell from a horizontal into a flexed position. 

Eccentric strength testing of the external rotators 
and hip abductors was performed through a range of 
0-30 degrees at an angular velocity of 60 degrees.37 
Eccentric hip external rotator isokinetic testing was 
conducted with the participant seated with 90º of 
hip and knee flexion. The trunk and thigh of the 
tested lower limb were stabilized using straps. The 
dynamometer axis of rotation was aligned with the 
long axis of the femur and the resistance was applied 
proximal to the medial malleolus. The participant 
was instructed to exert maximum resistance against 
the dynamometer in the direction of hip external 
rotation (Figure 2A). 

Hip abductors were assessed with the participant 
side-lying and the tested lower limb on top of the 
untested. The untested limb and trunk were stabi-
lized with straps. The dynamometer’s axis of rota-
tion was aligned medial to the anterior superior iliac 
spine at the level of the greater trochanter of the 
tested lower limb and resistance was applied to the 
lateral aspect of the distal thigh, superior to the lat-
eral femoral condyle. The participant was instructed 
to exert maximum resistance against the dynamom-
eter in the direction of hip abduction (Figure 2B). 

Figure 1. Core endurance tests; prone-bridge (A), side-bridge (B), fl exor endurance (C), and horizontal extensor endurance
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All torque data were normalized to body mass and 
expressed as Nm/kg.

Assessment of both endurance and strength was 
conducted once before the season. The number of 
non-contact sprain and strain injuries was reported 
by team doctors. Injuries were recorded when they 
resulted in time away from games or practice. All 
injuries including recurring injuries were recorded 
throughout the season. Multiple different inju-
ries experienced by the same players were also 
documented.

Data analysis
Immediately after the end of the season, the play-
ers were dichotomously categorized into injured 
(group A) or non-injured (group B) for data analysis. 
Initially and as a pre-requisite for parametric anal-
ysis, data were screened for normality and homo-
geneity of variance assumptions. After removal of 
the outliers and assuring that data did not violate 
assumptions for parametric analysis, MANOVA 
was conducted. Core muscle endurance and hip 
muscle strength measures were compared between 
both groups using MANOVA with subsequent mul-
tiple pairwise comparison tests conducted using a 
Bonferroni adjustment of a family wise 0.05-alpha 
level (SPSS version 17, Chicago, IL). Core muscle 
endurance measures were the maximum times (in 
seconds) the player held his posture in the prone-
bridge, side-bridge, trunk flexion and horizontal 
back extension tests while the hip muscle strength 
measures were the peak hip abductor and external 
rotator isokinetic torques. 

Additionally, Spearman correlations were con-
ducted to test the association between core muscle 
endurance and hip muscle strength measures and 
frequency of injury. Significant variables identi-
fied from the MANOVA and correlation analyses 
were used to predict the probability of injury using 
a logistic regression analysis. Significant variables 
were used as independent variables (predictors) and 
injury occurrence as the dependent variable (injury 
presence=1, and injury absence=0). The process 
began with simultaneous entry of the predictors into 
the model and was followed by backward stepwise 
elimination of the predictor that showed no signifi-
cant contribution to the prediction power.

RESULTS
A total of 21 (35.59%) of the 59 players reported 
at least one non-contact lower extremity sprain or 
strain injury during the season. No between-group 
differences were found for all demographic variables 
(p>0.05; table 1). The injured players sustained 43 
injuries; 24(56%) ankle sprains, 9 (21%) knee lateral 
collateral ligament sprains, 1 (2%) knee medial col-
lateral ligament sprain, 4 (9%) quadriceps strains, 
2 (5%) hip adductor strains, 2(5%) calf strains and 
1 (2%) hamstring strain (Figure. 3). The frequency 
distribution of soccer players according to the fre-
quency of non-contact lower extremity sprain and/
or strain injury is shown in Figure 4. 

MANOVA analysis showed no significant difference 
between both groups for core muscle endurance and 
hip muscle strength measures (F = 2.136, p = 0.067). 
However, the subsequent pairwise comparison 

Figure 2. Eccentric Isokinetic testing positions for the hip external rotators (A), and abductors (B)
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tests showed significantly longer hold times for the 
prone-bridge and side-bridge tests in the non-injured 
players (p<0.05; Table 2). Similarly, Spearman cor-
relations revealed significant moderate negative cor-
relations between the frequency of injury and each 

of the prone-bridge (r = -0.324, p = 0.007) and side-
bridge (r = -0.385, p = 0.003) hold times with no 
other significant correlations (Table 3). 

Regarding the logistic regression results, the pro-
posed model was found to fit the data well. A test of 
the full model (2-factor model) versus an intercept-
only model was statistically significant, χ2

(2) = 10.133, 
p=0.006 indicating that the predictors as a set reli-
ably distinguishes between injured and non-injured 
soccer players. Similarly, a test of the 1-factor model 
versus an intercept-only model was statistically sig-
nificant, χ2

(1) = 8.906, p=0.003. Both models were 
able to correctly classify the players into injured and 
non-injured with an overall accuracy of 72.7%. Side-
bridge hold time accounted for the majority of vari-
ability in the model and represented the only factor 
that made significant contribution to prediction 
(OR= 0.956, 95% CI= 0.925-0.989). The odds ratio 
indicated that with a unit increase in side-bridge hold 
time, the odds of non-contact sprain and/or strain 
injury occurrence decreases 0.956 times (Table 4). 
When only the constant was included in the model, 
the model correctly classified 65.5% of players into 
injured and non-injured. After including the predic-
tors (side-bridge and prone-bridge hold time), this 
percentage rose to 72.7%.

DISCUSSION
The purposes of this study were to compare prone-
bridge, side-bridge, flexor endurance, and horizon-
tal extensor endurance test hold times and peak 
hip abductor and external rotator eccentric torques 
of injured soccer players with those of non-injured 
players. The association between core muscle endur-
ance and non-contact lower limb strain and sprain 
injury as well as the ability to predict injury from 
core muscle endurance were also tested. 

Table 1. Demographic data for the injured and non-injured soccer players.

Figure 3. Lower extremity sprain and strain injury distribu-
tion among injured soccer players

Figure 4. Frequency distribution of lower extremity sprain 
and/or strain injury 
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Table 2. Descriptive statistics and multiple pairwise comparison tests for the core 
muscle hold time and peak hip muscle isokinetic torques between the injured and 
non-injured soccer players.

Table 3. Spearman correlation between the core muscle endurance hold 
time and peak isokinetic hip abductor and external rotator torques and the 
frequency of lower extremity sprain and/or strain injury.
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In this study, prone-bridge and side-bridge hold 
times were significantly shorter in players that sus-
tained non-contact lower limb sprain and/or strain 
injury during the season. In addition, shorter hold 
time was significantly correlated with the frequency 
a player was injured. Low endurance of core mus-
cles can lead to non-contact injury directly through 
the inability to produce sufficient force to maintain 
trunk stability once the muscles fatigue. This limits 
the body’s ability to control its center of mass forcing 
the lower limbs to compensate.10 Compensation is 
achieved through greater lower limb force produc-
tion and joint displacements that are transmitted 
through the kinetic chain making the whole system 
susceptible to injury.9 Fatigue also causes several 
sensory changes that alter motor output. These sen-
sory changes include reduction in perception of core 
motion with delay in subcortical motor response 
interfering with the normal corrective response, 
which may make it too late to maintain stability 
and prevent injury.9,38 Core muscle fatigue has also 
been shown to alter landing mechanics in different 
tasks such as stop jumps and cutting maneuvers,39 
thus, contributing to altered lower limb movements 
during soccer performance.40 Furthermore, the cur-
rent findings are consistent with those reported by 
Moore et al.41 who reported an increase in number 
of injuries that occur as time passes during a soccer 
game, thus, linking fatigue to injuries sustained. 

Indirectly, core muscle fatigue can affect activa-
tion patterns of one or more lower limb muscles, 

altering their ability to provide proper compensatory 
response to perturbations. Hart et al.26,42 reported 
reduced activation of the quadriceps muscle after 
fatigue of the paraspinal muscles even though the 
quadriceps was not fatigued. Park et al.43 reported 
reduction in lower limb muscle coordination follow-
ing a paraspinal fatigue protocol. Poor leg coordina-
tion is a recognized risk factor for injury.44 These 
effects on lower limb muscles support the possibility 
of indirect involvement of core muscles. However, 
the effect of these alterations on joint stability dur-
ing physical activity have never been tested. 

Results of the current study support that core mus-
cle endurance is an important factor influencing the 
possibilities of non-contact lower limb sprains and 
strains. The question remains as to which specific 
muscles are most important. In this study, muscle 
activity was not measured, however, different EMG 
studies shed some light on the matter. Both the side-
bridge and prone-bridge have shown similar muscle 
activation patterns for the internal oblique, upper 
rectus abdominis, latissimus dorsi, rectus femoris, 
gluteus maximus, vastus medialis obliquus, and 
hamstrings muscles.45,46 However, the side-bridge 
showed greater gluteus medius (74% and 27% of 
MVC for the side-bridge and prone-bridge, respec-
tively) and paraspinal muscle activity (29-42% and 
5-6% of MVC for the side-bridge and prone-bridge, 
respectively) with the lower rectus abdominis being 
more active during the prone-bridge (21% and 
42% of MVC for the side-bridge and prone-bridge, 

Table 4. Logistic regression of sprain and strain injury in soccer 
players using the side bridge and prone-bridge hold times as predictors.



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 533

respectively). Although its activity has never been 
measured during the prone-bridge, it is unlikely 
that the quadratus lumborum is as active during the 
prone-bridge as it is during the side-bridge. In the 
side-bridge, it plays a key role in trunk stability and 
is highly active, showing more than 50% of maxi-
mum voluntary contraction (MVC).47,48 Both side-
bridge and prone-bridge times correlated to injury. 
However, based on this study’s regression analysis, 
side-bridge time only can be used to predict injury, 
which highlights the overlap between muscles con-
tributing to maintaining both positions and suggests 
greater contribution to stability from muscles that 
are more active during the side-bridge test such as 
the gluteus medius and paraspinal muscles. 

Compared to trunk flexion and horizontal back 
extension, the side-bridge requires activation of 
multiple muscles (discussed above) whereas trunk 
flexion primarily focuses on activation of the rectus 
abdominis with little activation from other core mus-
cles.46 During horizontal back extension, the paraspi-
nal muscles produce greater than 40% of MVC.49 No 
studies that investigated other core muscle activa-
tion during horizontal back extension were found. 
However, it can be speculated that other core mus-
cles would have little activation as compared to what 
is seen with trunk flexion. Findings of this study are 
in line with previous studies that stressed no spe-
cific muscle can be singled out as most important 
contributor to core strength, endurance, and stabil-
ity38 and exercises that include a wide variation of 
core muscles should be conducted. Thus, in agree-
ment with Ekstrom et al.,45 both the side-bridge and 
prone-bridge exercises should be used to improve 
core strength, endurance, and stability, however, 
emphasis would be placed on the side-bridge based 
upon results of the current regression analysis. In 
addition, since side-bridge hold time was identified 
as an injury risk factor, it may be a better test when 
conducting pre-participation screening. 

Contrary to the findings reported by Leetun et al.,21 
no relationship between injury and eccentric hip 
muscle strength measured isokinetically (eccentri-
cally) was identified. Weak hip abductors and exter-
nal rotators have been reported to lead to the inability 
to control hip adduction and internal rotation forcing 
the knee into a dynamic valgus position.21 Dynamic 

valgus has been termed “the position of no return” 
by Ireland14 as it is the position seen right before ACL 
injury and has also been linked to patellofemoral 
pain syndrome,50 both of which are more common 
in females than males.51-53 Weakness of hip abductors 
and external rotators as well as excessive knee valgus 
are also more common in female athletes compared 
with their male counterpart.54-57 In the study by Lee-
tun et al.,21 participants were basketball (males=44, 
females=60) and cross-country athletes (males=16, 
females=20). Considering more than half the par-
ticipants in their study were female athletes, it is 
likely that gender played a role in the relationship 
between hip muscle strength and injury. Nikolaidis58 
reported that female soccer players have greater hor-
izontal back extension times than their male coun-
terpart. Thus, endurance may be less likely to be a 
contributor to injuries in female athletes. This is not 
the case when examining strength as it is well estab-
lished that male athletes have grater muscle strength 
than female athletes.57 Nadler et al.59 found a rela-
tionship between hip muscle strength and injury in 
females and not males. Since a reduction (reflected 
in the increased trunk displacement following a force 
release) in lateral trunk control has been shown to 
predict knee injury,22 the reason for the loss of con-
trol may be endurance and/or strength related. It 
is possible that hip abductor and external rotator 
endurance is more important for male athletes as 
compared to eccentric strength. However, this pos-
sibility cannot be confirmed since hip muscle endur-
ance was not measured in this study. Furthermore, 
lateral trunk control in male athletes may be related 
to trunk muscle endurance rather than that of hip 
muscles. 

LIMITATIONS
This study included only male soccer players, while 
the study conducted by Leetun et al.21 included male 
and female basketball and cross-country athletes. 
Thus, results of the current study cannot be general-
ized to female players or players of other sports. The 
differences in playing surfaces between these sports 
are enough to affect the types and rates of injuries 
experienced. In fact, within soccer itself, playing on 
natural grass vs artificial turf changes the nature of 
injuries experienced.60 In addition, the demands of 
these sports are different leading players develop 
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different neuromuscular control strategies specific 
to the sport they play. Basketball players tend to 
experience greater ground reaction forces when 
landing from a jump compared with soccer players, 
whereas the opposite is true during cutting maneu-
vers.61 Piasecki et al.62 reported that most ACL inju-
ries in basketball occur during jump landing whereas 
those from soccer occur during other noncontact 
mechanism such as cutting. Other sport specific dif-
ferences such as differences in static and dynamic 
balance have also been reported in the literature.63 

In this study maximum eccentric torque created by 
hip abductors and external rotators were measured, 
whereas, in the study by Leetun et al.,21 they used 
maximum isometric force. Eccentric torque is the 
muscle action needed during the deceleration phase 
of many activities including running, thus, is likely 
a better measure in the case of soccer players. How-
ever, all findings related to strength measures in the 
current study are limited to eccentric torques.

Based on the current study findings, the hypothesis 
that injured players would present with low core 
muscle endurance and hip muscle strength was 
accepted regarding the side-bridge and prone-bridge 
hold times only. Similarly, the hypothesis that low 
core muscle endurance would be associated with 
increased frequency of injury was accepted for the 
side-bridge and prone-bridge times only. 

CONCLUSIONS
 The current study findings support that low core 
muscle endurance is an important factor contribut-
ing to non-contact injury of the lower extremities 
in male soccer players. Both prone- and side-bridge 
times were significantly negatively correlated with 
non-contact lower limb sprain and strain injuries in 
male soccer players. However, only side-bridge time 
can be used as a pre-participation screening tool 
based upon the results of the regression analysis. 
These findings cannot be generalized to female soc-
cer players or other athletes. 
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ABSTRACT
Background: Sports medicine professionals have instituted easy to use on field screening tests to determine physical readiness and 
identify athletes who may have increased injury risk. Currently there is little research on fundamental movement and dynamic 
balance abilities in golfers. 

Purpose: To examine differences in fundamental movement patterns and dynamic balance in varying competition levels in 
golfers. 

Study Design: Cross-sectional Cohort 

Methods: The Functional Movement ScreenTM (FMS), and Y-Balance Test Upper Quarter and Lower Quarter (YBT-LQ/UQ) were 
performed on middle school (MS), high school (HS), college (COL), and professional (PRO) golfers. The FMSTM was assessed for 
individual tests and composite score. The YBT-LQ/UQ reaches were averaged normalized to limb length. Statistical analysis was 
completed with a series of Kruskall-Wallis tests with Dunn’s post hoc for the FMS™ and YBT-LQ/UQ asymmetries, and a series of 
ANOVAs, with Tukey’s post hoc for the YBT-LQ/UQ reaches (p<0.05). Effect Size Indices (ESI) were also calculated to determine 
clinical relevance. 

Results: A total of 53 MS, 129 HS, 207 COL, and 29 PRO golfers were included in this study. Significant differences were observed 
between COL and HS in two FMS™ tests (push up; p=0.001), active straight leg raise; p=0.0019). PRO golfers YBT-LQ posteromedial 
reaches were greater than MS (p=0.0127, ESI = 4.3552). PRO YBT-UQ medial reaches were greater than COL (p<0.0001, ESI = 
0.8915), HS (p<0.0001, ESI = 1.2640) and MS (p<0.001, ESI = 1.4218). PRO inferolateral (IL) and superoloateral (SL) reaches were 
greater [IL: COL (p=0.0427, ESI = 0.4413), HS (p=0.0002, ESI = 0.5851)], [SL: COL (p=0.0005, ESI = 0.5990), HS (p=0.0004, ESI= 
0.6068)]. YBT-UQ composite scores were greater for PRO compared to COL (p<0.0001, ESI = 0.7657), HS (p<0.0001, ESI =0.8161) 
and MS (p<0.0001, ESI = 1.085). 

Conclusions: Differences were observed in golfer’s fundamental movement patterns in relationship to competition level. These 
data can be utilized to design personalized training programs that focus to improve movement quality. 

Level of Evidence: 2b 

Key Words: Functional Movement Screen™, Movement System, Normative Data, Y-Balance Test
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INTRODUCTION
Although golf is considered a non-contact sport, golf 
injuries are common.1 Over a two-year period, up to 
60% of professional and amateur golfers sustained 
an injury,2 the majority of which involved the elbow, 
wrist, shoulder or lower back.3,4 Furthermore, using 
handicap as a skill determinant, skill level has been 
directly associated with injury rates.5 Golfers with a 
handicap greater than 18 had a 59% injury rate, those 
with a handicap ranging from 10 to 17 experienced a 
61.8% injury rate, and those with a handicap below 
10 sustained a 67.5% injury rate.5 This relationship 
has been hypothesized to be directly related to the 
increased practice hours of higher skilled players 
leading to overuse injuries.5,6 7 Due to this, sports 
medicine professionals have instituted easy to use 
on field screening tests to determine physical readi-
ness and identify athletes who may have increased 
injury risk.8,9 

One test that screens fundamental movement pat-
terns is the Functional Movement ScreenTM (FMSTM). 
Previous researchers9,10 have shown that athletes at 
varying competition levels display different FMSTM 
scores. Grygorowicz et al.10 found that healthy col-
lege and professional soccer players had statisti-
cally different deep squat, inline lunge, and active 
straight leg raise scores. A comparison between 
different skill level swimmers found that higher 
level swimmers displayed greater movement per-
formance compared to lower levels, specifically the 
inline lunge, hurdle step, and push up.9 Individual 
movement tests, in conjunction with overall funda-
mental movement ability, can elucidate competition 
level differences.9,11-13

Another aspect essential to success during athletic 
activities is dynamic balance.14 Dynamic balance is 
one’s capacity to control their center of mass (COM) 
during movement.14 In looking to determine the 
physical characteristics of highly proficient golf-
ers, Sell et al. tested the dynamic balance of three 
cohorts of golfers (handicaps = < 0, 1-9, 10-20). 
The resulting data indicated that the < 0 handi-
cap group had significantly better dynamic balance 
than both the 1-9 and 10-20 handicap groups.15 The 
Y-Balance Test (YBT ) is used clinically to identify 
asymmetry and deficits in dynamic balance.16 Previ-
ous authors, comparing different competition level 

YBT lower quarter performance, observed that ath-
letes of higher competition levels displayed greater 
dynamic balance performance, except in the ante-
rior reach.14,17,18 Greater competition levels were 
hypothesized to exhibit poorer anterior reach due to 
sport specific overall playing loads or previous inju-
ries.14,17,18 Currently there is a paucity of literature 
investigating dynamic balance and fundamental 
movement patterns in golfers. 

While prior research has analyzed different golfing 
physical characteristics, 15 no studies have directly 
investigated the relationship between competition 
levels and YBT lower quarter (YBT-LQ) and upper 
quarter (YBT-UQ) and FMSTM abilities in golfers. The 
purpose of this study was to examine differences in 
fundamental movement patterns and dynamic bal-
ance in varying competition levels in golfers. It was 
predicted that fundamental movement and dynamic 
balance quality would be greater with increased 
competitive level among golfers. This hypothesis 
was determined based on previous authors observ-
ing that dynamic balance and fundamental move-
ment pattern competency increased in relation to 
competition levels. 14,15,17 

METHODS

Experimental Approach to the Problem
All study procedures were reviewed and approved 
by the Queens University of Charlotte University 
Institutional Review Board prior to recruitment 
and data collection, and each participant received 
instructions on the study and signed consent docu-
ments. For subjects under the age of 18, parental and 
or guardian consent was obtained prior to testing. A 
cross-sectional design was implemented to gain an 
understanding of fundamental movement patterns 
and dynamic balance comparing golfers at different 
skill levels: Middle School (MS), High School (HS), 
College (COL), and Professional (Pro). Each group 
performed the seven-test FMSTM, and the YBT-UQ 
and YBT-LQ. Y-Balance Test reaches were normal-
ized to percent limb length (%LL).

Subjects
A total of 418 male golfers were included in the 
study (YBT-LQ: MS: 53, HS: 129, COL: 207, Pro: 29; 
YBT-UQ: MS: 26, HS: 45, COL: 94, Pro: 21; FMSTM: 
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MS: 43, HS: 107, COL: 156, Pro: 26). See Table 1 for 
descriptive statistics (Table 1). Exclusion criteria 
consisted of subjects who had any injuries in the 
prior three months, had a history of concussion(s), 
or had any vestibular issues. Subjects were included 
in this study if they did not report any pain during 
the FMSTM, YBT-UQ, or LQ, and were participating 
in all practices and competitions within the prior 
month. Before participation in the study an expla-
nation of both the risks and benefits was provided, 
and a written consent form was obtained from each 
athlete. After screening, subjects were de-identified. 

Procedures
Functional Movement Screen: Multiple trained inves-
tigators carried out the FMSTM testing protocols at 
multiple test sites. The FMSTM has been observed 
to have good to excellent interrater reliability.19 A 
standard FMSTM test kit (Functional Movement Sys-
tems Inc., Chatham, VA, US) which includes a mea-
suring device, a hurdle, and a measuring stick, was 
used during the procedure. The FMSTM screens fun-
damental movement competency and is utilized to 
detect movement compensation and asymmetries 
in seven tests. The seven standard movement tests 
include the deep squat (DS), hurdle step (HS), inline 
lunge (ILL), shoulder mobility (SM), active straight 
leg raise (ASLR), trunk stability push-up (TSPU), and 
rotary stability (RS). A four-point scoring system 
was used to grade FMSTM task performance. Scores 
ranged from 0 to 3, with 3 being the best score. If 
pain was perceived during task execution, a score 
of 0 was assigned. A score of 1 indicated that the 
FMSTM task could not be executed as instructed, if 
an individual was able to execute an FMSTM task but 
compensated (as per the grading criteria), a score 
of 2 was assigned. A score of 3 indicated that the 
FMSTM task was performed exactly as instructed (i.e., 

without any observed movement compensations).20 
The individual scores for each movement are com-
bined into a final score out of 21 points, known as a 
composite score.21 Three clearing tests, each scored 
positive or negative and associated with an indi-
vidual test (SM, TSPU and RS), are also included in 
the FMSTM.9 The clearing tests are deemed positive 
if any pain is produced with internal shoulder rota-
tion and flexion, spinal flexion and spinal extension 
movements. If a clearing test was deemed positive, 
the movement pattern that the clearing test is asso-
ciated with (SM, TSPU or RS) was automatically 
scored a 0.22

Y-Balance Test: All subjects completed both the YBT-
LQ and YBT-UQ protocols with the YBT kit (Func-
tional Movement Systems Inc., Chatham, VA, USA). 
The administrators, trained in YBT, directed all test 
protocols.23,24 Each athlete was measured for upper-
quarter limb length, standing with feet together, 
with shoulders abducted to 90°, elbows protracted, 
and wrists in anatomic neutral position to standard-
ize data collection. A cloth tape was used to measure 
from the seventh cervical vertebrae spinous process 
to the tip of the right middle finger. Each subject’s 
upper-quarter LL was measured twice and then 
averaged.24 All subjects removed both shoes during 
YBT-LQ testing. Lower limb length was measured, 
from the anterior superior iliac spine to the most 
distal part of the medial malleolus for each partici-
pant by using a tape measure while the participant 
lay in the supine position.23 

Lower Quarter Y-Balance Test: To standardize the pro-
tocol, the right lower extremity was tested first as 
the stance limb followed by the left stance limb for 
each direction. Thus, the right then left limb was 
tested for the anterior reach, followed by the right 
then left stance limb for the posteromedial reach, 

Table 1. Subject Descriptive Statistics.
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and so forth. An examiner used verbal and visual 
instructions to educate the athlete on proper proce-
dure before each test began. The established testing 
criteria consisted of 1) maintaining controlled bal-
ance while pushing the reach indicator the great-
est distance possible without touching the ground, 
2) not kicking or using excessive momentum while 
pushing the reach indicator, 3) only pushing the side 
of the reach indicator, and 4) not stepping on the top 
of the reach indicator or the reach poles to create 
more stability.23 Each subject was advised to main-
tain static unilateral stance with their most distal 
aspect of their great toe behind the line, on the reach 
platform, facing the anterior reach indicator. In each 
trial, the participants were instructed to reach as far 
as they could by using their reach foot while keep-
ing their reach foot in contact with the reach indica-
tor, and then return to the starting point while they 
maintained balance on the stance limb. The maxi-
mum reach distance was recorded to the nearest 
half cm in each reach trial. The maximum distance 
reached of the three acceptable trials in each direc-
tion was used for the study. Reach distances were 
recorded in centimeters (cm) and also normalized to 
each athlete’s limb length by dividing the reach dis-
tance by limb length and then multiplying by 100 to 
account for the influence of the limb length on test 
performance. Normalized composite reach distance 
was calculated for each side as the summation of the 
peak reach distances (in centimeter [cm]) in the 3 
directions, divided by 3 times the limb length, and 
then multiplied by 100. Right and left limbs were 
calculated separately.23 

Upper Quarter Y-Balance Test: Before YBT-UQ assess-
ment, the examiner instructed the athletes on 
proper testing protocol. Subjects were to maintain 
both feet-shoulder width apart, in a plank position, 
with one hand on the centralized platform and with 
the thumb on the stabilizing hand behind the red 
line. For a trial to be considered valid, (1) both feet 
had to maintain floor contact and the test hand had 
to maintain contact with the stance platform, (2) 
participants had to push the reach indicator using 
the red target area (i.e., without using the reach 
indicator for support), (3) participants had to main-
tain contact with the reach indicator throughout the 
reach movement (i.e., without pushing the reach 

indicator out), and (4) participants could not use the 
floor for support with the reach hand.24 The athlete 
was told that failure to meet these criteria would 
result in a failed trial and would lead to a repeat of 
the test. To standardize the protocol, the right arm 
was tested first as the stance limb. While maintain-
ing 3-point plank position, each subject used the 
most distal portion of the opposite hand to advance 
the reach indicator in the medial, inferolateral (IL), 
and superolateral (SL) directions (all directions are 
referenced to the stance limbs) sequentially with-
out a rest between directions. Subjects were allowed 
two practice trials before attempting a graded trial, 
three graded trials were completed for each move-
ment. To complete a single trial subjects completed 
all three reaches before returning to the rest posi-
tion. Rest breaks were taken between trials, as the 
tester recorded the data and returned each indicator 
to their starting positions. The maximum score for 
each reach direction was logged during a success-
ful trial where all the above-mentioned criteria were 
met. Composite score was calculated for each side as 
the summation of the peak reach distances (in centi-
meter [cm]) in the three directions, divided by three 
times the limb length, and then multiplied by 100. 
Right and left limbs were calculated separately.24 

Data Reduction
The primary variables of interest were individual 
FMSTM movement scores, composite FMSTM score, 
normalized reach YBT-LQ and YBT-UQ distance for 
each reach direction, YBT-LQ and YBT-UQ reach asym-
metry, and YBT-LQ and YBT-UQ composite scores. 
For the YBT-LQ and YBT-UQ, the greatest reach in all 
three reach directions for the upper and lower quar-
ter tests were normalized to upper and lower limb 
length. These reach scores were reported as percent 
limb length (%LL).23,24 Following limb length normal-
ization, the greatest reach was utilized for reach direc-
tion for the YBT-LQ and YBT-UQ. The right and left 
limbs were then averaged, due to healthy limbs hav-
ing no difference in reach length for upper or lower 
quarter.23,25 The maximum reach differences between 
the left and right upper and lower limbs were used 
to assess reach asymmetry. The composite score was 
calculated by averaging the greatest reach distance 
in all three reach directions, for the upper and lower 
quarter, and multiplying by 100.23,24 
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Statistical Analysis
All statistical analyses were analyzed through JMP 
13.0.0 (SAS Institute Inc., Raleigh, NC, USA). Medi-
ans were analyzed for individual FMSTM scores. Mean 
and standard deviations for composite FMSTM scores, 
and the YBT-LQ and YBT-UQ were initially analyzed 
for skill level averages. Skill level differences were 
analyzed using ordinal FMSTM individual scores 
through a series of Kruskal-Wallis Tests. Dunn’s post-
hoc was implemented to identify specific group-to-
group differences. Continuous data normalcy was 
analyzed through Shapiro-Wilk’s Tests. FMSTM com-
posite scores were assessed using an ANOVA. Upper 
and Lower Quarter Y-Balance asymmetries were 
analyzed through a series of Kruskal-Wallis Tests. 
Dunn’s post-hoc was implemented to identify spe-
cific group-to-group differences. Upper and Lower 
Quarter Y-Balance reaches were analyzed through a 
series of ANOVA’s. Tukey post-hoc tests was utilized 
to identify specific group-to-group differences if 
observations were statistically significant. All statis-
tical significance was identified at p<0.05. Cohen’s d 
Effect Size Indices (ESI) were incorporated to exam-
ine clinical significance between YBT reaches when 
considering the differences in mean values when 
interpreting measure variance. Effect Size Indices 
were categorized as Moderate (ESI= 0.30-0.70) or 
large (ESI>0.70). Outcomes were identified for fur-
ther discussion only if statistically significant differ-
ences were identified and an ESI of greater than 0.30 
was observed. 

RESULTS
Refer to Table 2 for individual and composite FMSTM 
skill level averages. Middle School average com-
posite score was 13.36 ± 2.22, 13.52 ± 2.50 for HS, 
14.30 ± 2.55 COL, and 14.50 ± 2.80 for PRO golf-
ers. A significant difference was observed between 
skill levels in two of the seven functional move-
ment tests and the composite scoring. Trunk sta-
bility push up (p=0.001), ASLR (p=0.0019) and 
composite (p=0.0476) scores for COL golfers were 
all significantly higher than the HS golfers (Figure 
1). Furthermore hurdle step scores were higher for 
PRO (p=0.0145) and COL (p=0.0031) compared to 
MS golfers. 

The YBT-LQ reaches between skill levels also exhib-
ited differences. Specifically, the MS golfers had 
decreased PL reaches in comparison to both the PRO 
(p=0.0322, ESI = 3.9145) and HS golfers (p=0.0411, 
ESI = 3.8379). Additionally, the PRO golfers 
(p=0.0127, ESI = 4.3552) PM reaches were signifi-
cantly higher than MS golfers (Figure 2). Skill level 
asymmetry was not significantly different between 
each reach (Anterior: p=0.579, Posteromedial: 
p=0.168, and Posterolateral: p= 0.110). The asym-
metry means for each skill level were, MS: Anterior= 
3.32±3.24, PM=4.14±4.80, PL=6.33±11.16; HS: 
Anterior=3.22±2.96, PM=4.07±3.07, PL=4.08=
3.56; COL: Anterior=3.88±4.04, PM=5.20±5.42, 
PL=4.38±3.65; PRO: Anterior=3.52±2.78, PM=
3.59±2.94, PL=3.05±2.88.

Table 2. Functional Movement Screen Skill Level Scores.
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The results of all three YBT-UQ reaches varied for 
golfers across all skill levels (Figure 3). PRO golfer 
medial reaches were significantly greater than COL 
(p<0.0001, ESI = 0.8915), HS (p<0.0001, ESI = 
1.2640) and MS (p<0.001, ESI = 1.4218). Similarly, 
PRO golfers IL and SL reaches were statistically 
greater when compared to [IL: COL (p=0.0427, ESI 
= 0.4413) and HS (p=0.0002, ESI = 0.5851)], [SL: 
COL (p=0.0005, ESI = 0.5990), HS (p=0.0004, ESI= 
0.6068)]. Overall composite scores were significantly 
higher in PRO golfers compared to COL (p<0.0001, 
ESI = 0.7657), HS (p<0.0001, ESI =0.8161) and 
MS (p<0.0001, ESI = 1.085). COL golfers’ medial 

reaches were also significantly higher compared 
to HS (p=0.0003, ESI=0.5397) and MS (p=0.0325, 
ESI=0.5618). Skill level asymmetry was not signifi-
cant (M: p=0.079, IL: p=0.728, SL: p=0.676). The 
asymmetry means for each skill level were, MS: 
M=5.54±3.48, IL=5.14±3.30, SL=4.44±3.93; HS: 
M=4.06±4.53, IL=5.82±6.60, SL=4.64±5.58; COL: 
M=4.36±4.67, IL=4.98±5.04, SL=4.95±3.78; PRO: 
M=4.23±4.89, IL=4.40±4.11, SL=4.05±2.88. 

DISCUSSION
Prior research using field screening tests has been 
used to assess athlete return to sport criteria,26 how-
ever, there is little research regarding different golf-
ing skill levels. Therefore, the purpose of this study 
was to examine differences in fundamental move-
ment patterns and dynamic balance in varying com-
petition levels in golfers. It was hypothesized that 
fundamental movement and dynamic balance qual-
ity would be greater with increased competitive level 
among golfers, and as predicted, specific individual 
FMSTM tests, FMSTM composite scores, and YBT-UQ 
reaches were greater in higher skill level golfers. 
However, contrary to the hypothesis, there was lit-
tle difference in many individual FMSTM tests, reach 
asymmetry for the YBT-UQ or YBT-LQ, and overall 
lower quarter dynamic balance between skill levels. 

The ASLR, TSPU, and FMSTM composite scores were 
considerably higher in COL than HS golfers. These 

Figure 1. Competition level differences in FMS™ Scores.

Figure 2. Competition level differences in the YBT-LQ.

Figure 3. Competition level differences in the YBT-UQ.
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findings support previous studies in which COL ath-
letes performed better during fundamental movement 
assessments including the ASLR and TSPU compared 
to HS athletes.27,28 The ASLR and TSPU need moderate 
levels of mobility and stability. Furthermore, the ASLR 
requires a stable trunk to perform active hip dissocia-
tion, while the TSPU is a transitional movement pat-
tern that requires high threshold core stabilization.29,30 
The increased COL skill level movement ability may 
be attributed to greater core and hip muscular coordi-
nation.15,22 Johnson et al.31 observed that subjects with 
greater core strength had higher TSPU scores com-
pared to subjects with poorer core strength. Mitchell 
et al.32 found that subjects with greater core strength 
had higher FMSTM composite scores. Hurdle Step 
scores for PRO and COL were also significantly higher 
than those of the MS golfers. A study by Queen et 
al.33 suggests that this could be related to the fact that 
lower skill level golfers have a less fluid weight shift 
than those of a higher skill level.33 Previous research 
on skilled or PRO golfers revealed that approximately 
80 percent of the weight shifted onto the trail foot at 
the end of back swing; followed by a transfer to the 
lead foot during the down swing, reaching 81 to 142 
percent of the golfer’s weight at ball impact.34,35 These 
findings suggest, with respect to FMSTM scores, that 
higher skilled golfers may have greater core and hip 
coordination and core neuromuscular control com-
pared to lower skilled golfers.

There was an overall lack of difference between 
separate lower quarter dynamic balance skill levels. 
These findings are similar to previous research,14,17,18 
specifically for the PL and PM reaches. Bullock et 
al.18 found that PL, PM and composite scores of bas-
ketball players from HS, COL and PRO levels did not 
vary significantly. However, previous authors14,17,18 
have observed decreased anterior reach scores in 
higher field and court skill level athletes. These 
observations have been attributed to accumulated 
lower extremity injuries throughout an athlete’s 
career.14,17,18 Previous golf epidemiological studies 
have observed decreased lower extremity injuries 
in comparison to field and court sports.3,36 This may 
be due to the golf swing primarily being a station-
ary rotational sport movement,37,38 compared to the 
majority of movements in field and court sports 
require running, and multidirectional cutting.39 The 

only differences observed were decreased MS, PL 
and PM reaches compared to higher skill levels. Spe-
cifically, PRO golfers had substantially higher PM 
reaches than MS golfers, and PRO, COL, and HS ath-
letes had greater PL reaches than MS athletes. This 
may be due to incomplete physical development in 
MS athletes as compared to older athletes.40 The PM 
and PL reaches may require increased hip muscu-
lar strength due to the increased trunk lean and hip 
flexion due to the multi-planar diagonal reach pat-
tern in comparison to the anterior reach.41 McCann 
et al.42 observed that HS football players displayed 
decreased PL and PM reaches, compared to COL 
football players; but, there was no difference in ante-
rior reach. The posterior dynamic balance reaches 
have been shown to require increased strength,42,43 
compared to the anterior reach, which may be more 
affected by increased lower extremity injury.14,18 

PRO golfers showed significantly higher medial 
reach and composite scores than all other competi-
tion levels. Furthermore, the PRO golfers IL reach 
was higher than COL and HS golfers, and COL 
golfer’s medial reach was significantly higher than 
HS and MS. These results are consistent with the 
findings of previous research indicating that higher 
level athletes possess greater strength, balance and 
movement in the upper quarter.9,14,22 These dif-
ferences may be attributed to differences in core 
musculature strength and control. It has been sug-
gested that the key differences between professional 
and amateur golfers, regarding muscle activation 
throughout the golf swing, can be attributed to the 
trained state of the abdominal muscle group.44 While 
the YBT-UQ utilizes the upper extremities for upper 
limb stance and reach,25 the YBT-UQ is performed in 
a 3-point plank position,24 and thus the core muscu-
lature has a significant contribution regarding static 
and dynamic upper quarter movement.24,45 Pires 
and Comango46 observed that subjects with greater 
core and back strength displayed increased scapular 
muscle endurance during the YBT-UQ. In another 
study,47 scapular positioning during varying prone 
planks greatly affected core musculature activation, 
measured through electromyographic analyses. As a 
result, higher skilled golfers may have greater core 
musculature control, and the YBT-UQ could be uti-
lized as a dynamic core control test.
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The current study has multiple limitations. The gen-
eralizability may be limited due to the fact that only 
subjects from the Southeastern US were tested. The 
testing was done during the off-season which might 
have affected the scores as some golfers may have 
been involved in other sports, specifically with the 
non-collegiate athletes. Due to the smaller number 
of PRO and MS golfers than that of HS and COL, fur-
ther testing should strive to find equal group sizes 
to more accurately compare disparities and estab-
lish more robust normative data. Finally, subjects’ 
previous injury, balance training, and current train-
ing histories were not documented. These differ-
ences may have affected functional movement and 
dynamic balance outcomes.

CONCLUSIONS
The results of the current study indicate that there are 
differences in golfer’s fundamental movement pat-
terns in relationship to their skill level. There were 
few lower quarter dynamic differences in varying golf-
ing skill levels, except in MS posterior reach, which 
may be due to incomplete physical development in 
younger golfers.40 Finally, higher level skilled golfers 
displayed greater upper quarter dynamic balance. 
The collective findings highlight that skill level should 
be taken into consideration when interpreting test 
results and designing training programs for golfers. 
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ABSTRACT
Background: Restoring knee muscle strength after an anterior cruciate ligament (ACL) reconstruction remains challenging. 
Improvement of rehabilitation program specificity demands additional knowledge on knee muscle strength deficits associated 
with the graft used for ACL reconstruction.

Purpose: This study aimed to investigate the effects of graft used for ACL reconstruction on the knee muscle strength and balance 
assessed at six months postoperatively, based on comparisons of the isokinetic strength curves measured throughout knee 
extension.

Study design: Cross-sectional study

Methods: One-hundred-and-forty-four patients were assigned into three groups according to the graft used for a primary ACL 
reconstruction: semitendinosus (n=47), semitendinosus+gracilis (n= 75) and patellar (n=22) tendon graft. Normalized ham-
string eccentric and quadriceps concentric torques, and hamstrings-to-quadriceps torque ratio (defined as the dynamic functional 
ratio) were bilaterally assessed during knee extension. Statistical parametric mapping was used to compare the curves of torques 
and ratio from 90° to 30°of knee flexion between groups. 

Results: The uninvolved knees presented similar strength and ratio curves in the three groups. When compared involved to unin-
volved knees, hamstring strength deficit was found in hamstring tendon groups throughout knee extension (p<0.001), and quadri-
ceps strength deficit in the three groups throughout knee extension (p<0.001). Hamstrings-to-quadriceps torque ratio was unaltered 
when using hamstring tendon grafts, while increased ratio was observed up to knee mid-extension when using patellar tendon 
graft (p<0.001).

Conclusions: These findings suggest exercises with specific range of motion and contraction type in relation to graft may be con-
sidered for implementation into postoperative rehabilitation program in order to eliminate the regional strength deficits observed 
after ACL reconstruction.

Level of evidence: 3

Keywords: Dynamic functional ratio, hamstring eccentric strength, Movement system, quadriceps concentric strength, statistical 
parametric mapping
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INTRODUCTION
The anterior cruciate ligament (ACL) reconstruction 
aims at restoring the function of the native ACL in 
terms of knee stability and flexion-extension mobil-
ity.1 The most popular grafts for ACL reconstruction 
are those using patellar tendon (PT) or hamstring 
tendon (HT).2 The HT procedure presents differ-
ent graft possibilities, such as semitendinosus  ten-
don (ST) alone or in combination with the gracilis 
tendon (STG).1 Each type of graft presents specific 
functional drawbacks;3 however, regardless the graft, 
restoring knee muscle strength to return to sport 
remains challenging.

Isokinetic dynamometry is considered the gold 
standard to provide objective assessment of muscle 
strength.4 The quantification of a muscular strength 
deficit is mainly reported through two peak torques:2 
one when the quadriceps muscles act concentrically 
(Qconpeak) and one when the hamstrings act eccen-
trically (Heccpeak).

5,6 These peak torque values are 
used to calculate limb symmetry index between the 
involved (i.e. leg having undergone the surgery) and 
uninvolved (i.e. contralateral leg) legs to reflect mus-
cle strength deficit in the involved leg. Peak torques 
are also used to compute hamstrings-to-quadriceps 
strength ratio (Heccpeak/Qconpeak) to reflect knee ago-
nist-antagonist muscle strength balance. In this con-
text, trends for weakness in quadriceps when using 
PT graft and in hamstrings when using HT graft are 
reported.2 But the superiority of one surgical tech-
nique to the other one on the postoperative knee 
strength cannot be demonstrated.1 Although using 
peak values to assess muscle strength and deficits 
and balance after ACL reconstruction is a standard 
approach, reasoning using only peak values to reflect 
the knee muscle strength during the full knee exten-
sion remains questionable.

Alternatively, Heimstra et al.7 defined knee muscle 
strength maps, expressing the strength as a func-
tion of knee angle and motion velocity. Such an 
approach is based on isokinetic assessments at 10 
different velocities, eccentric and concentric con-
tractions, for a knee positioning between 5 and 95° 
of knee flexion. For one patient, the strength map 
is generated by 2500 torque values extracted from 
isokinetic recordings. Detailed information provided 
by strength map highlight a quadriceps strength 

deficit throughout the knee extension regardless the 
type of graft in comparison with controls, as well as 
regional strength deficits of the quadriceps and ham-
strings in relation with the autograft donor site. Such 
an approach points out the importance for taking 
into account muscle strength throughout the knee 
range of motion, but remains complex to be carried 
out for clinical assessment routinely.

A more comprehensive method than peak torques 
and an easier method than strength mapping may 
be explored to study the knee muscle strength defi-
cit regarding the graft used for ACL reconstruction 
in relation with the knee range of motion. This 
study, therefore, aimed at investigating the effects 
of graft used for ACL reconstruction on the knee 
muscle strength and balance, based on compari-
sons of the strength curves measured throughout 
the knee extension. It was hypothesized that, at six 
months postoperatively, a weakness in quadriceps 
would be observed whatever the graft used for ACL 
reconstruction, while a weakness in hamstrings 
would be reported only when using both hamstring 
tendon grafts. Such deficits may lead to knee muscle 
strength imbalance for all types of graft.

METHODS

Patients
Between  January 2011 and January 2014, 144 patients 
participated in this study, which was approved by 
the Ethical Committee ‘Sud-Est II” (IRB 00009118). 
Inclusion criteria were practicing physical activity at 
the time of ACL rupture (soccer, rugby, skiing, bas-
ketball, running, etc), having undergone a unilateral 
primary surgical ACL reconstruction using PT, ST or 
STG graft, having a contralateral knee with no his-
tory of injury, having performed 40 rehabilitative ses-
sions supervised by a physical therapist, and having 
performed the isokinetic assessments at six-month 
(± 20 days) postoperatively. Exclusion criteria were 
having undergone additional surgery, such as menis-
cus repair or lateral extra-articular reconstruction, 
or suffering from pain at the reconstructed knee, or 
graft harvested in the contralateral knee.

Procedures
The isok inetic dynamometer (Contrex MJ; Duben-
dorf, Switzerland; Sampling rate: 256 Hz) allowed 
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were applied on qualitative variable of surgical out-
come. For isokinetic outcomes, ANOVA SPM{F} for 
one factor (graft: PT vs. ST vs. STG) and two repeated 
measures (Laterality: involved vs. uninvolved knees) 
were applied on Hecc, Qcon and Hecc/Qcon.9 In 
case of significant effe ct, post hoc comparisons were 
made using independent and paired t SPM{F}tests, 
and Bonferroni correction. All statistical tests were 
performed using the open-source toolbox SPM-1D (© 
Todd Pataky, 2014, version M0.1) in Matlab 2016a. 
Significant difference was fixed at p≤0.05.

RESULTS
ANOVA revealed no significant differences between 
groups for descriptive characteristics (Table 2), while 
Chi² test reported a significant relationship between 
groups and surgeons (p<0.001). Surgeon 2 practiced 
more PT and less ST grafts than expected counts, while 
opposite distribution was observed for Surgeon 3.

ANOVA SPM{F} revealed a significant effect of inter-
action group*laterality on Hecc during knee exten-
sion between 90 and 37° of knee flexion (p<0.05). 
Post hoc tests for group comparisons (Figure 1) 
showed that no significant difference was found 
between the uninvolved knee of the three groups, 
and, for the involved knees, PT group displayed 
higher Hecc than hamstring groups (p<0.001 for 
STG and p=0.005 for ST). For bilateral comparisons, 
the involved knee with hamstring grafts presented 
significant lower Hecc strength than the uninvolved 
knee (Hecc deficit between 12.9 and 31.2 % with 
p<0.001 for STG, and Hecc deficit between 6.2 and 
27.7 % with p<0.001 for ST), while similar Hecc 
strength was found for both the knees in PT group.

ANOVA SPM{F} revealed no significant effect of the 
interaction group*laterality and of the group on Qcon. 
Significant effect of laterality on Qcon during knee 
extension between 90 and 30° of knee flexion was 
found (p<0.001). For the three groups (Figure 2), Qcon 

instantaneous torque recording with gravity correc-
tion and filtering (CON-TREX human kinetics soft-
ware). After a six-minute warm-up on stationary 
bicycle, the participant was sitting with 85° hip angle 
and with the knee joint rotation axis aligned on the 
dynamometer rotational axis. The participant was 
secured to the equipment with straps across their 
trunk and thighs, and instructed to push/pull as 
hard as possible against a pad attached to the distal 
tibia about 3 cm proximally to the lateral malleolus 
and to complete the full 0–118° range of motion (0° 
for knee fully extended). The participant was then 
instructed to complete two series of knee flexion/
extension under vocal encouragement. Each series 
was composed of repetitions for training and repeti-
tions for test (Table 1). The duration of the recov-
ery was set at 30 seconds between training and test 
repetitions, and at one minute between test and 
training repetitions. The uninvolved knee was the 
first assessed in order to make the patient confident 
when the involved knee was evaluated.

For each knee, the repetitions of hamstring eccentric 
contraction at 30°.s-1 (Hecc) and quadriceps concen-
tric contraction at 240.s-1 (Qcon) with the maximal 
torques were kept for the analysis.6,8 Preliminary 
analysis revealed that the common range of knee 
joint angle values for constant velocity was between 
90°-30° of knee flexion. Outcomes were then Hecc 
and Qcon values at each angle between 90°-30° 
knee flexion, and expressed in Nm.kg-1, i.e torque 
divided by body mass, and the dynamic functional 
ratio (Hecc/Qcon) by dividing Hecc by Qcon at each 
knee joint angle between 90°-30° knee flexion.

Statistical analysis
All the data a re presented by mean ± standard devi-
ation. ANOVA for one factor (graft: PT vs. ST vs. STG) 
were performed on quantitative variables of demo-
graphic and surgical outcomes. In case of significant 
effect, Tukey’s post hoc tests were made. Chi² tests 

Table 1. Chronological description of the isokinetic procedure to assess 
one leg during knee fl exion and extension.
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similar values (0.48 ± 0.22 and 0.51 ± 0.25 at 90° 
of knee flexion, respectively, and 1.32 ± 0.39 and 
1.39 ± 0.46 at 30° of knee flexion, respectively). PT 
group presented significantly higher ratio than ham-
string groups (+0.19 ± 0.01 between 90 and 50° of 
knee flexion when compared to STG with p=0.001 
and +0.16 ± 0.01 between 90 and 65° of knee flex-
ion when compared to ST with p=0.02. For bilat-
eral comparisons, similar ratios for both knees were 
observed in ST. PT group had a significantly higher 

was significantly lower in the involved knee than the 
uninvolved knee (mean deficit: 17.1 ± 2.7 %).

ANOVA SPM{F} revealed a significant effect of 
interaction group*laterality on Hecc/Qcon during 
knee extension between 90 and 51° of knee flexion 
(p<0.05). Post hoc tests for group comparisons (Fig-
ure 3) showed no significant differences between 
the uninvolved knee of the three groups. For the 
involved knees, STG and ST groups presented 

Table 2. Characteristics for the groups with semitendinosus+gracilis (STG), 
semitendinosus (ST) and patellar (PT) tendon grafts. Mean ± standard deviation 
[minimum and maximum in brackets] for quantitative variables and number 
for qualitative variable.

Figure 1. Mean (± standard deviation) hamstring eccentric normalized moments at 30°.s-1 between 90 and 30° of knee fl exion, 
with grey curve for involved knee, black curve for uninvolved knee, STG for semitendinosus+gracilis tendon graft, ST for semiten-
dinosus tendon graft and PT, for patellar tendon graft.  
*** indicates signifi cant difference between involved and uninvolved knees at p<0.001, ††† indicates signifi cant difference 
between STG and PT involved knees at p<0.001, and §§ indicates signifi cant difference between ST and PT involved knees at 
p<0.01. Arrows indicate the knee range of motion in which signifi cant differences were found.
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throughout knee extension. The main findings indi-
cate a hamstring eccentric strength deficit for ham-
string tendon grafts and a quadriceps concentric 
strength deficit independent of graft type through-
out knee extension at six months postoperatively. 
Dynamic functional ratio was unaltered when using 
hamstring tendon grafts, while an increase in this 
ratio was observed up to knee mid-extension when 
using patellar tendon graft.

Restoring muscle strength of the quadriceps and 
hamstrings is a key factor for rehabilitation after ACL 

ratio in the involved knee than the uninvolved knee 
(+0.12 ± 0.05 between 88 and 50° of knee flexion, 
p<0.001), and STG group presented a significantly 
lower ratio in the involved knee than the uninvolved 
knee (-0.08 ± 0.01 between 90 and 57° of knee flex-
ion, p<0.001).

DISCUSSION
This study investigated the effect of the graft used for 
ACL reconstruction on knee muscular strength and 
balance, by examining the strength curves measured 

Figure 2. Mean (± standard deviation) quadriceps concentric normalized moments at 240°.s-1 between 90 and 30° of knee 
fl exion., with grey curve for involved knee, black curve for uninvolved knee, STG for semitendinosus+gracilis tendon graft, ST for 
semitendinosus tendon graft and PT, for patellar tendon graft.  
*** indicates signifi cant difference between involved and uninvolved knees at p<0.001. Arrows indicate the knee range of motion 
in which signifi cant differences were found.

Figure 3. Mean (± standard deviation) ratio between 90 and 30° of knee fl exion, with grey curves for involved knees, black 
curves for uninvolved knees. STG for semitendinosus+gracilis tendon graft, ST for semitendinosus tendon graft and PT for patel-
lar tendon graft.  
*** indicates signifi cant difference between involved and uninvolved knees at p<0.001, ††† indicates signifi cant difference 
between STG and PT involved knees at p<0.001, and §§§ indicates signifi cant difference between ST and PT involved knees at 
p<0.001. Arrows indicate the knee range of motion in which signifi cant differences were found. 
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using hamstring tendon grafts. Indeed, hamstring 
tendon grafts were associated to a similar deficit in 
quadriceps concentric strength than patellar tendon 
graft (18.3 ± 1.5% for STG, and 16.0 ± 2.9% for ST). 
Such a low strength capability of the quadriceps after 
hamstring tendon grafts may have multifactorial 
causes, such as rehabilitation deficit or compensa-
tory mechanisms to protect the reconstructed knee 
joint.18 Consequently, due to deficits in both ham-
string and quadriceps strengths, hamstring tendon 
grafts may present with more functional drawbacks 
in terms of knee muscle strength levels than patellar 
tendon graft for ACL reconstruction.

The functional ratio, computed by dividing the peak 
value of hamstring eccentric strength by the peak 
value of quadriceps concentric strength, is believed 
to be an important factor for reflecting the dynamic 
stabilization of the knee joint.19 No consensus cur-
rently exists on the targeted value for this functional 
ratio. A ratio between 0.5 and 0.8 is reported as nor-
mal by Undheim et al.4 Ageberg et al.19 recommend 
a high value of this ratio after ACL reconstruction to 
protect the knee against re-injury, with no specific 
value offered. Coombs & Garbutt20 and Fousekis et 
al.21 suggest a value near 1.0 because this value would 
reflect the eccentric capacity of the hamstrings to 
counterbalance the concentric capacity of the quad-
riceps to stop the knee extension. However, when 
knee extends, agonist muscles, i.e. quadriceps, gen-
erate high strength at the beginning of the motion, 
while antagonist muscles, i.e. hamstrings, generate 
high strength at the end of the motion. The peak 
strength values involved in the ratio calculation then 
occur at different knee joint angles.5 Modelling the 
hamstrings-to-quadriceps strength ratio throughout 
knee extension may better reflect the knee strength 
balance during the achievement of functional 
motion. For our uninvolved knees, the mean func-
tional ratio at 90° of knee flexion was 0.56 ± 0.19 
and increased continuously during knee extension 
until 1.34 ± 0.45 at 30° of knee flexion, suggesting 
that only one value cannot be representative of knee 
muscular strength balance involved throughout knee 
extension. At six months postoperatively, patients 
with hamstring grafts for ACL reconstruction pre-
sented similar values and closed to those observed 
in uninvolved knees, while patients with patellar 
tendon graft presented higher values up to 50° of 

reconstruction,4 particularly regaining similar mus-
cle strength in the reconstructed knee than in the 
contralateral one.10 Using contralateral knee as refer-
ence requires that the level of strength for this knee 
corresponds to levels observed in healthy knees. 
In this study, the muscle strength at the contralat-
eral knee was similar for the three groups (1.58 ± 
0.24 N.kg-1 for peak quadriceps strength at 240°.s-1 
and 2.00 ± 0.24 N.kg-1 for peak hamstring strength at 
30°.s-1), but appeared slightly different than strength 
for control physically active participants reported 
in the literature (about 2.2 N.kg-1 for quadriceps at 
240°.s-1 and about 1.7 N.kg-1 for hamstrings at 30°.s-1).7 
When knowing that the contralateral knee also expe-
rienced strength impairment during the postopera-
tive period after ACL reconstruction,11,12 the authors 
considered that these differences remained mini-
mal and allowed us to use the contralateral knee as 
reference for the involved knee.13 Moreover, given 
that the three groups had similar demographic and 
surgical characteristics as well as similar uninvolved 
knee muscular strength and balance, the authors 
assumed that differences in strength observed at the 
involved knee may be in relation with the graft used 
for ACL reconstruction.

When focusing on limb symmetry strength between 
the involved and uninvolved knees, the current 
results confirmed partly that the strength deficit is 
in relation with the donor site morbidity.3,14 Indeed, 
hamstring eccentric strength deficit was associated 
to hamstring tendon grafts, while, quadriceps con-
centric strength deficit was related to patellar ten-
don graft (on average 16.7  ±  4.6%). Although the 
magnitude of these deficits was in line with those 
reported in the literature, the comparisons remains 
difficult because of differences in experimental 
set up (isokinetic device, velocity, knee range of 
motion). Nevertheless, the current study indicated 
that the deficits in strength existed throughout knee 
extension and not only for maximal strengths. Such 
limb asymmetry may be explained by the period of 
detraining associated with ACL rupture, which may 
induce muscle atrophy,15 alterations in muscle archi-
tecture,16 and the inability of the recovered tendon 
to transmit muscle force across the joint.17 However, 
the donor site morbidity cannot be the only cause 
of strength deficits because the quadriceps strength 
was also altered when the ACL was reconstructed 
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with both hamstring and quadriceps strength deficits 
throughout leg extension, while the patellar tendon 
graft was associated with quadriceps strength deficit 
only. Similar weakness in agonist and antagonist knee 
muscles after hamstring tendon grafts resulted in 
unaltered knee muscular strength balance throughout 
knee extension, whereas strength deficit in quadri-
ceps muscle with no alteration in hamstring strength 
generated knee muscular strength imbalance up to 
knee mid-extension in subjects with patellar tendon 
grafts. Analyzing knee muscle strength throughout leg 
extension provides information on regional strength 
deficit in relation with the graft used for ACL recon-
struction, which may help to adapt rehabilitation and 
return to sport programs to the type of graft used for 
ACL reconstruction, and then improve restoration of 
knee muscle strength to reduce the potential risk for 
knee re-injury. 
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ABSTRACT
Background: Performing physical activities on compliant surfaces alters joints kinematics by decreasing joint motions. However, the 
effect of administering a training program on a compliant surface on muscle activities after anterior cruciate ligament (ACL) injury is 
unknown.

Hypothesis/Purpose: To compare the effects of training on a compliant surface and manual perturbation training on individual muscle 
activation and muscle co-contraction indexes after an ACL injury. It was hypothesized that patients who received training on the compli-
ant surface would demonstrate higher individual and combined muscle activities compared to the manual group.

Method: Sixteen patients (participated in level I/II sports) who sustained an ACL injury and had not undergone reconstructive surgery 
participated in this preliminary study. Eight patients received training on a compliant surface (Compliant group) and data of eight patients 
matched by age and sex from a previous study who received manual perturbation training were used as a control group (Manual group). 
Patients in both groups completed standard three-dimensional gait motion analysis with surface electromyography (EMG) of several lower 
extremity muscles during gait. Muscle co-contraction index and individual muscle activations were computed during weight acceptance 
(WA) and mid-stance (MS) intervals. A 2x2 analysis of variance (ANOVA) was used with an alpha level of p<0.10 to account for the high 
EMG variability.

Results: The compliant group significantly increased muscle co-contraction of vastus lateralis-lateral hamstring (VL-LH), vastus medialis-
gastrocnemius medialis (VM-MG), and vastus lateralis (VL) muscle activity during WA (p ≤ 0.035) and manual group significantly decreased 
VM-MG muscle co-contraction during WA (p=0.099) after training. 

Conclusion: Administering training on a compliant surface provides different effects on muscle activation compared to manual perturba-
tion training after an ACL injury. Training on a compliant surface caused increased muscle co-contraction indexes and individual muscle 
activation, while manual perturbation training decreased the VM-MG muscle co-contraction index. 

Level of evidence: 2b

Keywords: ACL rehabilitation, compliant surface, EMG, Mechanical perturbation, Movement system, Muscle co-contraction.
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INTRODUCTION
An intact anterior cruciate ligament ACL works 
as a passive knee stabilizer, limiting tibiofemoral 
motions in the anterior-posterior and rotational 
directions.1,2 Rupturing the ACL is a common knee 
injury in sports activities among young athletes.3 
The hallmark symptom in patients with an ACL 
injury, who have not undergone reconstructive sur-
gery, is dynamic knee instability (inability to per-
form high-level activities without episodes of giving 
way while maintaining normal movement patterns)4 
that may limit the individuals’ ability to participate 
in activities of daily living and sport.5,6 Repetitive 
dynamic knee instability may negatively impact 
knee structures and lead to the development of knee 
osteoarthritis.7–10 The occurrence of dynamic knee 
instability might be attributed to the failure of the 
neuromuscular system to respond to destabilizing 
stimuli when attempting to maintain knee stabil-
ity. Therefore, implementing a rehabilitation pro-
gram that can improve the neuromuscular system’s 
ability to stabilize the knee by developing quick and 
sufficient muscular forces might be beneficial for 
patients with an ACL injury who opting non-opera-
tive managment.

Previous studies have revealed that athletes who 
perform hopping and running activities on com-
pliant surfaces alter joint kinematics by decreases 
in joint motion.11–14 Decreases in joint motion were 
attributed to the need to offset the increased compli-
ance of the surface and maintain similar locomotion 
of the body’s center of mass while on changing sur-
faces.12,14 A recent study also found that patients with 
an ACL injury who received training on a compliant 
surface walked with reduced joint motion.15 Patients 
in the aforementioned study received training on 
an automated mechanical device with an embedded 
plate that moved vertically, simulating a compliant 
surface.16 Ultimately, the training involved the per-
formance of high-demand physical activities, includ-
ing jumping, landing, pivoting, and hopping on the 
compliant surface. The protocol was designed to 
train patients with an ACL injury to trigger the neu-
romuscular system during a training program that 
included destabilizing stimuli and to actively control 
knee stability. However, the effects of administer-
ing the training program on a compliant surface on 
muscle activity have not yet been studied.

Treatment involving manual perturbation training 
augmented with progressive quadriceps strength-
ening is often chosen for non-operative manage-
ment of patients with an ACL injury.2,17 Manual 
perturbation training is a type of neuromuscular 
exercise that includes applying destabilizing transla-
tion and rotation of the support surfaces (using tilt-
ing and roller boards) underneath the patient’s feet 
while the patient attempts to respond to the trans-
lation.18–21 Manual perturbation training has been 
shown to be an effective intervention for improving 
dynamic knee stability and restoring knee motion 
during gait.18–21However, manual perturbation train-
ing is limited to a standing position and requires 
one-on-one treatment by the therapist during the 
training.22 The effects of administering a mechani-
cal perturbation training program with a compliant 
surface, on the neuromuscular activity after an ACL 
injury, remain unknown. Therefore, the purpose of 
this study was to compare the effects of training on a 
compliant surface and manual perturbation training 
on individual muscle activation and muscle co-con-
traction indexes in patients after an ACL injury. It 
was hypothesized that patients who received train-
ing on the compliant surface would demonstrate 
higher individual and combined muscle activities 
compared to the manual group.

METHODS
Eight patients with an isolated unilateral ACL rup-
ture (< seven months from initial injury) who had 
not undergone reconstruction surgery and were 
between the ages of 14-55 were enrolled in this pre-
liminary prospective study. Patients underwent 10 
training sessions on a compliant surface (Compliant 
group) using the Reactive Agility System (Simbex 
LLC, Lebanon, NH). Data of another eight patients, 
matched by age and sex, from a prior randomized 
controlled study who had received manual pertur-
bation training (Manual group) were used as a con-
trol group.23,24 Patients in both groups were regular 
participants in level I or II sports activities that 
included jumping, cutting, pivoting, and lateral 
maneuvers (e.g. soccer, basketball, football, baseball, 
and field hockey) for at least 50 hours per year prior 
to their ACL injury.25 For both groups, patients with 
serious lower limb injuries (e.g. fracture), concur-
rent ligamentous injury, repairable meniscus injury, 
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osteochondral defect more than 1 cm2, or less than 3 
mm side-to-side difference in passive anterior knee 
laxity measured with a KT-2000 arthrometer26 were 
excluded from this study. Complete ACL injury and 
concomitant knee injuries were confirmed using 
both physical examination and magnetic resonance 
imaging. The protocol of this study was approved by 
the Institutional Human Subjects Review Board at 
the University of Delaware. One patient was under 
the age of 18 years and therefore both parental con-
sent and patient assent was obtained. Patients were 
mainly recruited from the physical therapy clinic at 
the University of Delaware and local physician clin-
ics. All patients provided written informed consent 
for participation in this study.

Training program
Patients were enrolled in this study once they dem-
onstrated no knee pain, minimal knee joint effu-
sion as measured with the modified stroke test,27 
full knee joint range of motion, and ≥ 70% quad-
riceps index. The patients in the compliant group 
completed a training protocol on the Reactive Agil-
ity System device, which has an embedded plate. 
The embedded plate was controlled by software so 
that it was either locked (no motion) or moved in 
the vertical direction simulating a compliant sur-
face. The protocol included ten sessions of dynamic 
stabilization training and plyometric training. The 
complete training protocol for the compliant surface 
was previously described in detail by Nawasreh et 
al.16 The training program included ten training ses-
sions of 30 minutes that were administered three 
to five times per week. In short, the training pro-
gram was divided into three phases, with the first 
phase (sessions 1-3) included bilateral limb training 
and emphasized dynamic stabilization. The second 
phase (sessions 4-7) included unilateral limb train-
ing and emphasized dynamic stabilization and plyo-
metric exercises. The third phase (sessions 8-10) was 
similar to the second phase, except sports-specific 
activities were added. Patients were given instruc-
tion and information during the first session on how 
to perform the training, and verbal cues were pro-
vided to inform the patient on when the plate would 
change its status by dropping down. The training 
was progressed to be more random, with unantici-
pated dropdowns of the plate starting in the third 

session. The training program was completed on the 
mechanical device, with the changes to the state of 
the plate (dropping down) administered in an unan-
ticipated manner at different phases of the training 
activities (i.e. jumping up, landing, turning, squat-
ting, and standing up from squat). The magnitude 
and velocity of dropdowns were fixed throughout 
the program’s phases. The difficulty of the program 
was systematically progressed throughout the train-
ing, including increases in the difficulty of the activ-
ity, progressing from double limbs to a single limb, 
increasing the duration for each set and number of 
repetitions, and by integrating sport-specific skills. 
Patients were progressed throughout the program 
using a criterion similar to that used for the man-
ual perturbation training.18 Rest time was provided 
between sets to avoid fatigue, with soreness rules 
(Appendix A) implemented during sessions. The 
therapist monitored the patients’ responses to train-
ing and provided feedback to ensure that the activi-
ties were performed appropriately.

Data of eight patients from a previous study, matched 
by age and sex, were used as a control group.23,24 
These patients had received manual perturbation 
training that was previously described by Fitzger-
ald et al.18 These patients received purposeful man-
ual manipulation of the support surfaces that was 
administered by therapists. The manual perturba-
tion training included three conditions: rockerboard, 
rollerboard, and a combination of rollerboard and 
platform (Appendix B).19 The manual perturbation 
training and testing procedure were administered by 
well-trained and reliable therapists. 

In addition to the perturbation training, patients in 
both groups with quadriceps strength index <80% 
received supervised, progressive quadriceps strength 
training of the involved lower extremity, augmented 
with neuromuscular electrical stimulation (NMES) 
in order to improve quadriceps strength. Patients 
with quadriceps strength index between 80 and 
90% received supervised progressive strength train-
ing of the involved lower extremity without NMES. 
Patients with quadriceps strength index more than 
90% were instructed to start a strengthening pro-
gram to further improve their quadriceps strength 
of both lower extremities.28
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Testing
Patients completed standard three-dimensional 
(3-D) gait motion analysis testing within two weeks 
prior to (pre-test) and two weeks after the comple-
tion (post-test) of the training protocols. Motion anal-
ysis testing of walking was captured using 8-camera 
motion analysis system (VICON, Oxford Metrics 
Ltd, London, United Kingdom) at a sampling rate of 
120Hz. Twenty static retro-reflective markers were 
placed on specific boney landmarks of the foot, 
ankle, shank, thighs, and pelvis to locate joints’ cen-
ters and segments’ positions. Five rigid shell clusters 
were also placed on the patient’s pelvis and distal-
lateral aspects of the shanks and thighs to track seg-
ments motions during walking trials. An embedded 
6-component force plate (Bertec Corp, Worthington, 
Ohio) was simultaneously used to collect kinetic 
data at a sampling rate of 1080 Hz during walking. 
Eight walking trials were captured for each limb at 
a patient’s self-selected walking speed with ± 5% 
variability. Data from five good trials were then post-
processed using rigid body analyses and inverse 
dynamics in Visual3D software (C-Motion, Inc., Ger-
mantown, MD, USA) to build individual patient skel-
eton module. Joints kinematic and kinetic data were 
low pass filtered at 6 Hz and 40 Hz, respectively. 
Walking trials were normalized to 100% of the stance 
phase. Initial contact (IC) and toe-off (TO) of stance 
phase were determined using a 50 N force threshold 
of the vertical ground reaction force vector. 

Electromyography (EMG) data were also collected 
during walking trials using the MA-300 EMG System 
(Motion Lab Systems, Baton Rouge, LA). Pre-ampli-
fied, stainless steel, bipolar surface electrodes with 
a double differential configuration (38x19x8mm pre-
amp size, 2 X 12mm disk diameter with an 18mm 
inter-electrode spacing, and a 12x3 mm bar between 
the disks; input impedance >100mΩ, CMRR > 100 
dB at 65Hz). After cleaning the skin with isopropyl 
alcohol and non-sterile gauze pads, electrodes were 
placed at the mid-muscle belly and in parallel with 
the muscle fibers of the vastus lateralis, rectus fem-
oris, and vastus medialis (VL, RF, and VM), lateral 
and medial hamstrings (LH, MH), lateral and medial 
gastrocnemius (LG, MG), and soleus (SOL) muscles.

EMG data were collected at 1080 Hz. Prior to walking 
trials, muscle activity was collected while performing 

maximum voluntary isometric contractions (MVIC) 
that lasted four seconds for each muscle. Maximum 
muscle activity was used for normalization in post-
processing. The maximum muscles activities during 
MVICs were visually inspected to verify signal qual-
ity and gains were adjusted as necessary to avoid 
signal clipping. MVICs for gastrocnemii were tested 
while standing with the patient utilizing a counter-
top to provide a counter resistance while plantarflex-
ing their feet and rising up on their toes. Quadriceps 
muscles were tested in a seated position, with 
knees at 60° flexion, and ankles anchored to a table 
through chains and padded cuffs. Tibialis anterior 
muscles were tested in a long sitting position with 
patients’ knees extended and the ankles secured to a 
table. Hamstring muscles were tested while subjects 
laid prone and the knees in 30° flexion, with ankles 
anchored to a table through chains and padded cuffs. 
Finally, SOL muscles were tested while the patients 
on hands and knees position on a testing table, with 
both feet off the table and secured to the table in full 
dorsiflexion position. A resting trial that lasted for 
two seconds was collected to determine no muscle 
activity. EMG data hardware filtered the data with 
a bandpass from 20-2000 Hz and an anti-aliasing fil-
ter of 1000Hz; data were output at ± 5 volts. Analog 
EMG data was converted to digital data via a 16-bit 
A-to-D board. EMG data were time normalized and 
synced with gait data. 

Three-dimensional gait and EMG data were post-
processed using Visual 3D (C-Motion Inc., German-
town, Maryland). The EMG data were DC corrected, 
band-pass filtered at 30-350 Hz, and full-wave recti-
fied. A linear envelope was created with a 6 Hz low-
pass, second-order, phase-corrected, Butterworth 
filter. The linear envelope for each muscle was then 
normalized to the muscle’s maximum activity, iden-
tified as the maximum for each muscle from either 
the MVIC testing or the walking trails. 

Muscle co-contraction indexes, defined as the simul-
taneous activation of the agonist and anti-agonistic 
muscles (VL-LH, VM-MH, VL-LG, and VM-MG), 
were computed from the corresponding muscles’ 
linear envelope using the following formula:
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The average muscle activity was also computed 
for each muscle (VM, RF, VL, MH, LH, MG, LG, 
and SOL) from the corresponding muscles’ linear 
envelope. Individual muscle activity and muscle 
co-contraction indexes for muscle pairs were aver-
aged during two intervals of the stance phase of gait: 
weight acceptance (WA) and mid-stance (MS) inter-
vals. The WA interval was defined from 100ms prior 
to IC (to account for the electromechanical delay)30 
to peak knee flexion (PKF). The MS interval was 
defined from PKF to peak knee extension (PKE). 

Statistics 
Independent t-tests were used to determine signifi-
cant differences between groups (Compliant and 
Manual) for patients’ demographics, muscle co-
contraction index, and individual muscle activation 
measures at the pre-test session. A 2x2 analysis of 
variance (ANOVA) was used to evaluate differences 
between groups (Compliant and Manual), and over 
time (pre-test and post-test) for muscle co-contrac-
tion and individual muscle activation measures. The 
alpha level for comparisons of muscle activity and 
muscle co-contraction variables was conservatively 
set at p<0.10 to account for the high variability in the 
EMG data.31 The alpha level for comparison between 
subjects’ demographics was set at p<0.05. All statis-
tical analyses were performed using the SPSS 22.0 
(IBM Company, Chicago, Illinois, USA). Bonferroni 
corrections were used to adjust for multiple compar-
isons when necessary, and Eta squared were calcu-
lated as an indicator of effect size (ES). Univariate 
ANOVAs were used for measures that were signifi-
cantly different between groups at pre-testing with 
the corresponding values of the significantly differ-
ent measures entered as covariates.

RESULTS
Twelve patients were recruited to receive mechanical 
training on a compliant surface (compliant group), 
however, only eight of them completed the study. 
Reasons for the four patients who did not complete 
the study include one patient stopped participation 
in the study for inconvenience of commuting, one 
patient stopped participation in the study for aca-
demic purposes, one patient dropped and did not 
return to the follow-up, and one patient reported 
pain during pre-training testing and which excluded 

the patient from being able to continue participation 
in the study.

There were no differences between groups for the 
patients’ demographic and walking speed measures 
at pre-testing (p>0.122) (Table 1). Significant differ-
ences between groups, at pre-testing, were found for 
muscle co-contraction indexes of VM-MH during WA 
(Manual: 0.20±0.13, Compliant: 0.10±0.04, p=0.07) 
and for individual muscle activity of VM during 
MS (Manual: 0.07±0.03, Compliant: 0.10±0.03, 
p=0.065).

Individual muscle activity
A significant group-by-time interaction was found 
for the VL muscle activation during WA (p=0.037, 
ES: 0.28) (Table 2). Post hoc testing indicated that 
the compliant group significantly increased the 
VL muscle activity during WA (p=0.027). Signifi-
cant main effect of group was found for LH muscle 
activation during WA (p=0.075, ES: 0.209, Manual: 
0.158±0.10, Compliant: 0.229±0.10) and during MS 
(p=0.083, ES: 0.199, Manual: 0.077±0.13, Compli-
ant: 0.161±0.13). 

Muscle co-contraction
Significant group-by-time interactions were found 
for VL-LH (p=0.012, ES: 0.38) and VM-MG during 
WA (p=0.099, ES: 0.18) (Table 2). Post hoc testing 
indicated that the compliant group increased the 
muscle co-contraction indexes of VL-LH and VM-MG 
during WA significantly after training (p<0.035). 
Whereas, the manual group significantly decreased 
the muscle co-contraction index of VM-MG during 
WA after training (p=0.099). Significant main effect 
of time was observed for the VL-LG during WA (Pre-
testing: 0.09±0.04, Post-testing: 0.24±0.28, p=0.06, 
ES: 0.23) (Table 2)

DISCUSSION
The results of this study revealed that both train-
ing modes have an effect on muscle activation in 
patients with an ACL injury. A noteworthy finding of 
this study is that the training on a compliant surface 
appears to have induced a different effect on muscle 
activation compared to manual perturbation train-
ing. Moreover, the training on a compliant surface 
increased some of the muscle co-contraction indexes 
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and individual muscles’ activities in patients with an 
ACL injury in order to increase joint stiffness.

Both training modes altered the muscular activation 
patterns after an ACL injury, which might be due 
to the fact that perturbation training was designed 
to target the neuromuscular system. It worths to 
mention that the effect size of the changes to mus-
cle activation was small. However, the two forms of 
perturbation training induced differential effects on 
muscle co-contraction indexes and individual mus-
cle activation in patients with an ACL injury. This 
might be attributed to the differences in the train-
ing protocols between groups and the muscular 
demands that correspond with the respective train-
ing activities. The training program on a compliant 
surface may have led to increased muscle activity 
in order to stiffen the joints and compensate for the 
compliance of the surface. Further, the training pro-
gram on a compliant surface consisted of physical 
activities that required high muscle activation to 
generate the sufficient muscle forces required for 
jumping up, turning, and hopping to and from the 
compliant surface. In comparison, manual perturba-
tion training did not require high muscle activation 
as it was limited to a standing position.

The results of this study revealed that training on 
a compliant surface induced statistically significant 
changes in individual and gross muscle activation 
compared to the manual perturbation training. How-
ever, the effect size of this change is only considered 
small. It has been found previously that performing 
physical activities on compliant surfaces can lead to 
decreased joint motion and increased joint stiffness 

to offset the increase in compliance of the surfaces, 
and to maintain the locomotion of the body’s center of 
mass during walking on surfaces with different level 
of compliance.11–13,15 Therefore, the increased muscle 
co-contraction indexes may explain the decreased 
knee joint angles reported in previous studies.11–13 In 
this study, the training program on a compliant sur-
face included physical activities with emphasis on 
dynamic stabilization training and plyometric activi-
ties that typically require greater muscle force gen-
eration. While, in this study, the patients were tested 
using standard 3-D motion analysis of during gait, 
which did not include any compliant surfaces, the 
results suggest that the administering training on a 
compliant surface may have effects on the muscle 
activation that transfer to other activities. The trans-
fer of joint protective muscle activation patterns 
effects may be helpful for improving knee stability 
while performing dynamic physical activities. 

The results of this study also indicate that patients 
who received their training on a compliant surface 
increased the individual muscle activation of VL 
during WA. It has been previously reported that 
after ACL rehabilitation, the VL muscle contributes 
to constraining the internal rotation of the tibia as 
a protective mechanism.32 The increased VL mus-
cle activation during WA may indicate a successful 
adaptation to control knee stability in the sagit-
tal and frontal planes during the loading response. 
The compliant group demonstrated a higher LH 
muscle activation during WA and MS compared to 
the manual group at both pre- and post-testing ses-
sions. It is unclear why the compliant group had 

Table 1. Patient demographic measures for manual and compliant groups at 
pre-training testing reported as Mean (SD).
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higher LH muscle activity compared to the manual 
group. Higher LH muscle activity in the compli-
ant group might have resulted from the physical 
activity they engaged in prior to and after the ACL 
injury. Additionally, it might have resulted as a 
compensatory strategy to an ACL injury, knowing 

that not all patients respond similarly to the ACL 
injury.6,29 Numerous studies reported that patients 
after ACL injury demonstrate an increase in knee 
flexor muscles activation during the stance phase of 
gait cycle.33–35 This, in part, might help stabilize the 
knee joint, as the knee flexors work as an agonist for 

Table 2. Muscle co-contraction indexes and individual muscle activity of manual and 
 compliant groups at pre and post-testing, presented as mean (SD), statistical comparisions and 
effect sizes. 
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the ACL.4 The increase in LH muscle activity may 
counteract anterior tibial translation induced by the 
effect of eccentric and concentric contractions of 
the quadriceps during WA and MS respectively. 

The patients who received training on compli-
ant surface demonstrated an increased in muscle 
co-contraction indexes of the lateral (VL-LH and 
VL-LG) and medial (VM-MG) muscles that cross 
the knee joint during WA interval of the gait cycle. 
The overall increased of gross muscle co-contrac-
tion may help in stabilizing the knee joint agonist 
anterior tibial translation and internal knee rota-
tion and prevent shear forces between the joint 
surfaces during dynamic activities. Therefore, the 
increase in the muscle co-contraction indexes may 
help protect the knee joint integrity and prevent 
the development of knee osteoarthritis.36–38 The 
increased of VM-MG muscle co-contraction index 
may also control the knee valgus motion during the 
loading response of the gait cycle. As there is a lack 
of control data regarding levels of “normal” muscle 
co-contraction during walking in healthy athletes, 
it is hard to determine whether the increased in 
the muscle co-contraction indexes of the compli-
ant group is a positive compensatory strategy or 
not. However, previous work by Palmieri-Smith 
and colleagues revealed that healthy men and 
women both demonstrate an imbalance between 
the medial and lateral quadriceps-hamstring mus-
cle co-contraction, with women demonstrating 
higher medial-to-lateral differences.39 Letafatkar 
and colleagues reported increased co-contraction 
in healthy women who had neuromuscular deficits 
after perturbation training.40,41 As a response, the 
increased co-contraction indexes of this study may 
be a positive adaptation that contributes to knee 
joint stability.4 

The increased gross muscle co-contraction activity, 
from a clinical standpoint, may be concerning as it 
may cause knee stiffness that compromises normal 
knee mechanics during functional activities (i.e. 
reduced knee motion and moments).20,35,42,43Addition
ally, it has been advocated that long-lasting increases 
in muscle co-contraction along with decreases knee 
motion may have negative impacts on patient’s per-
formance during high demand activities.44,45 Further-
more, it may have a negative impact on knee joint 

integrity as it might increase the net compressive 
forces between the articular surfaces and cause an 
initiation or progression of knee osteoarthritis.44,46 
Therefore, further work is needed to investigate 
the impact of increased muscle co-contraction on 
knee joint health. In comparison, the results of this 
study also indicate that manual perturbation train-
ing decreased the muscle co-contraction for VM-MG 
during WA. This may support utilizing the manual 
perturbation training to improve the neuromuscular 
response without compromising knee joint motion. 
Therefore, it cannot be concluded, based on the 
findings of this study, that administering a training 
program on the compliant surface is superior to the 
manual perturbation training. Instead, both types of 
training might be integrated into the rehabilitation 
program after the ACL injury.

The limitations of this study include the small sam-
ple size; therefore, the results should be taken as pre-
liminary findings. Further work with a larger sample 
may be needed. The relational component of this 
study relied on data from a previous study for the 
manual group, however, the study was conducted 
with the same protocols, by well-trained investiga-
tors with similar requirements for reliability for the 
manual perturbation training, as well as during clin-
ical and motion analysis testing. Another limitation 
may be related to the differences in the two train-
ing protocols, in terms of the demand of tasks and 
the types and directions of the perturbation stimuli 
provided, on a compliant surface from that of man-
ual perturbation training. However, training on the 
compliant surface was used an alternative training 
while the manual perturbation training has been 
used as a standard treatment for non-operative ACL 
rehabilitation programs. Another limitation of this 
study is the usage of a large alpha value, chosen to 
account for the variability in the EMG data during 
walking trials. With a typical alpha value of p< 0.05 
small differences in muscle activation would not 
have been detected.

CONCLUSIONS
The results of this study indicate that administer-
ing training on a compliant surface induced effects 
different from that of the effects seen due to man-
ual perturbation training. Additionally, training 
on a compliant surface increased the gross muscle 
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co-contraction indexes and individual muscle acti-
vation during gait compared to the manual group. 
The increases seen in the muscle co-contraction 
and individual muscle activation in the compliant 
group may reflect the adaptations that take place in 
the neuromuscular system to provide dynamic knee 
stability.
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ABSTRACT
Background: The incidence of total hip arthroplasty (THA) has increased, due in part to younger individuals undergoing the 
procedure. Surgical techniques and biomaterials have improved, but rehabilitation has not kept pace with the needs of a changing 
demographic. 

Hypothesis/Purpose: The purpose of this study was to evaluate the feasibility and preliminary effectiveness of a progressive 
strengthening and functional retraining intervention after THA.

Study Design: Intervention study

Methods: Twenty patients participated in the control group (n=10) or experimental group (n=10). The experimental intervention 
had few supervised sessions in the early phase after THA (weeks 0-12), followed by supervised, progressive, and high-level activity 
retraining in the later phase (weeks 12-16). Training in the experimental group was tailored to individual patient goals, which included 
a variety of vocational and recreational activities. The control group participated in usual rehabilitation care as prescribed by their 
surgeon. Therefore, the duration and content of rehabilitation of the control group therapy was not constrained. Testing included 
three-dimensional motion analysis of gait and a clinical evaluation prior to surgery and 16 weeks post-surgery. Change scores were 
calculated for pain, the Timed Up and Go (TUG), the Stair Climb Test (SCT), the Six-minute Walk Test (6MWT), the Thirty Second 
Chair Rise Test (30-CRT), strength, the Hip Outcome Scale (HOS), the Hip Dysfunction and Osteoarthritis Outcome Score for Joint 
Replacement (HOOS Jr), ground reaction force during stance, hip abduction moment, sit to stand ground reaction force, and sym-
metry between limbs during stance and sit to stand and compared between groups. Patient satisfaction and number of rehabilitation 
visits were also compared. Safety and feasibility were assessed using descriptive analysis of the number adverse events. 

Results: One patient dropped from the control group prior to rehabilitation. The intervention group had a significantly greater 
improvement for the 6MWT than the control group (p=0.011), functional questionnaires (p=0.034), hip abduction strength on the 
non-surgical side (p=0.01) and greater satisfaction (96 vs 84 out of 100; p=0.03) at the conclusion of the intervention. The inter-
vention group demonstrated a significantly greater improvement in force symmetry during sit-to-stand (p=0.041) as compared to 
the control group. There were no other significant differences in change scores for functional measures or discrete biomechanical 
metrics. 

Conclusion: This physical therapy protocol, which focused on reducing supervised visits early after THA and retraining higher 
level activities later in the course of recovery, had a positive effect on biomechanics and functional outcomes without compromis-
ing safety. The effect of the experimental intervention was most appreciable for the 6MWT, non-surgical hip strength, satisfaction, 
and movement symmetry. 

Level of Evidence: 2B

Key Words: Total hip arthroplasty, biomechanics, functional Performance, physical Therapy, Movement System
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INTRODUCTION 
The incidence of total hip arthroplasty (THA) has 
increased and the median age of patients undergo-
ing this surgery has decreased.1–4 The percentage 
increase in TKA and THA utilization between 2001 
and 2007 was greatest for individuals between the 
ages of 20 and 49.4 Although surgical techniques 
and biomaterials have improved,5–7 traditional reha-
bilitation approaches after THA may not meet the 
needs of this changing demographic. As the median 
age decreases, a greater number of patients will 
be of working age. These younger individuals may 
require a different level of post-operative function 
and have greater higher-level social or vocational 
goals.8,4 While all post-operative rehabilitation pro-
grams should address common strength and range of 
motion impairments after surgery, individual patient 
needs should also be considered as this population 
becomes more heterogeneous. Current physical ther-
apy protocols after THA9 address the population as a 
whole, but do not target patients who have greater 
expectations and desires for recovery and function.8 

Patients who undergo THA and subsequent rehabili-
tation, have strength, function, and gait mechanics 
that remain below normative values from healthy 
age-matched individuals up to two years after sur-
gery.10–12 When evaluating participation, many 
patients only return to low and moderate level 
activities after THA and nearly 33% discontinue 
their sports/hobbies secondary to fear after their 
surgery.13 Many patients only return to physician 
“recommended” activities. However, Swanson et 
al. found that surgeon decisions regarding level of 
activity to return to were not based on scientific 
evidence.14 Residual impairments or fear of activity 
participation may be due in part to a lack of progres-
sive rehabilitation after THA. 

Many patients are restricted from participating 
in progressive strengthening, range or motion, or 
dynamic training exercises early after THA due 
to surgical precautions. Insurance limitations on 
extended physical therapy (on average over 28) vis-
its may prohibit participating in progressive retrain-
ing programs later in the course of recovery after 
THA when these interventions are both warranted 
and likely most beneficial. To address the limita-
tions of most post-THA rehabilitation protocols, an 

individualized patient-centered therapeutic protocol 
that was novel in both content and timing was devel-
oped and tested. The protocol was generally devel-
oped from previous high-intensity and progressive 
rehabilitation that have been used after total knee 
arthroplasty.15–17 The content and timing of the proto-
col was specific to deficits commonly seen after THA. 
It was developed with input from the clinic director, 
licensed therapists who treat patients after THA, 
clinical researchers, and the surgeon. This program 
reduced early post-operative supervised physical 
therapy visits when patients are often restricted from 
end-range motions and heavy lifting and introduced 
higher-level progressive exercises three months after 
THA. Given the nature of the protocol, many of the 
exercises and retraining interventions were sport-
specific, and included golf, basketball, jogging, and 
curling. Higher-level activities were cleared with the 
surgeon prior to participation. The purpose of this 
study was to evaluate the feasibility and preliminary 
effectiveness of a progressive strengthening and 
functional retraining intervention after THA. It was 
hypothesized that patients who participated in the 
experimental protocol would have better functional 
and biomechanical outcomes without any adverse 
events when compared to those in the control group. 

METHODS

Patients
Twenty patients were enrolled into this study and 
allocated to either a control group (n=10, mean 
age 66, 60% male) or experimental group (n=10, 
mean age 58, 70% male). All patients except for one 
patient in the intervention group who had an ante-
rior approach, received an anterolateral approach. 
Patients were recruited through a local hospital. All 
patients completed an informed consent that was 
approved by the University’s Institutional Review 
Board for Human Patient Research. Patients were 
excluded from the study if they had uncontrolled 
hypertension, a BMI score greater than 35, diagnosed 
neurological disorder including stroke, traumatic 
brain injury, or any other neurological condition that 
affected cognition or movement ability, history of 
angina, myocardial infarction, or heart failure, any 
condition that resulted in complete lack of sensation 
in the lower extremity, underwent a revision hip 
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A non-elastic belt was used as resistance. Using a 
hand-held dynamometer (HHD) (Lafayette Manual 
Muscle Test System, Lafayette, Indiana), the tester 
placed the device 2cm above the patient’s lateral 
femoral epicondyle and under the belt. The tested 
hip was positioned in neutral flexion/extension and 
neutral rotation with the strap tightened to allow 
abduction to neutral (0 degrees). The contraction 
lasted for three seconds. Three maximal contrac-
tions were performed and the maximum force of the 
three trials was recorded. This method has excellent 
reliability in older patients after knee replacement.26 

Biomechanical Testing
Lower extremity biomechanical measures were 
used to quantify movement patterns during walking 
and during a sit-stand transition. Kinematics (peak 
angles and joint excursions) as well as kinetics (peak 
ground reaction forces and joint moments) were 
calculated using three-dimensional instrumented 
motion analysis. Using a modified Cleveland Marker 
set twenty-two individual retro-reflective mark-
ers were applied to the patient boney landmarks 
along with segment tracking shells on the trunk, 
pelvis, thigh and shank. The markers were tracked 
by an eight-camera high speed motion capture sys-
tem by Vicon (Vicon Motion Systems, Oxford, UK) 
at 120 Hz. Lower extremity joint kinetics were 
derived from ground reaction force data collected 
from two force platforms embedded into the floor 
recording at 1080Hz (Bertec, Columbus, OH). Joint 
moments were calculated during walking and the 
sit-stand movement using standard inverse dynam-
ics approach integrating kinematic and kinetic data 
using Visual 3D software (C-Motion, Germantown, 
MD). All joint moments were normalized to the 
patient’s body mass in kilograms. Patients walked 
in their own footwear at a self-selected speed. First 
and second peak external hip abduction moment 
during stance, first and second peak Vertical Ground 
Reaction Force (vGRF) during stance and limb vGRF 
symmetry during stance were recorded for analy-
sis. From the sit to stand trial the average and peak 
vGRF symmetry between legs were recorded. 

Experimental Intervention Procedure
Group allocation was based on patient choice of ther-
apy location. Patients who chose to undergo therapy 

replacement, underwent hip replacement for a con-
dition other than osteoarthritis, had active cancer in 
the hip, leg or pelvis, or had any other cardiovascular 
or pulmonary condition that would affect their abil-
ity to climb a flight of stairs or walk for six minutes. 

Participant Testing
Patients completed a pre-operative assessment two 
to four weeks before THA by a licensed physical 
therapist that included functional and biomechani-
cal testing. Patients returned 16 weeks after surgery 
for follow-up testing. Functional testing was com-
prised of previously validated performance-based 
functional tests, self-reported questionnaires, and 
clinical measures. Performance-based tests included 
the Six Minute Walk Test (6MW),18 Timed Up and 
Go (TUG),19 Timed Stair Climb Test (SCT),20,21 and 
30-Second Repeated Chair Rise Test (30-CRT).22 Self-
report questionnaires completed included the Hip 
Disability and Osteoarthritis 

Outcome Score Short Form (HOOS JR.)23 and the 
Hip Outcome Survey (HOS).24 For both measures, a 
score of 0 represents complete disability and a score 
of 100 represents the level of hip function prior to 
onset of the patients’ symptoms. The Verbal Analog 
Scale (VAS) pain score used to ascertain average pain 
over the prior week for the surgical hip. Finally, a 
satisfaction score was completed in which patients 
were asked the following question “On a scale from 
0 to 10, how satisfied are you about your current 
outcome after you THA procedure?” Patients then 
marked their satisfaction along a 10cm line. The 
left side of the line was anchored with 0 “complete 
dissatisfaction” and the right was anchored with 
10 “complete satisfaction”. A tester then measured 
the distance of this mark relative to left side and 
recorded as a percentage of the total length (0-100 
possible score). 

Clinical measures included hip internal and exter-
nal active range of motion (AROM) performed by a 
licensed physical therapist using a goniometer with 
the patient seated, the axis at the patella, stationary 
arm perpendicular to the ground and moving arm 
along the midline of the tibia.25 Isometric hip abduc-
tion isometric strength was taken with the patient 
in side lying with their bottom knee bent and the 
top limb, being tested, aligned with their trunk. 
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also provided to each of the patients along with a 
tracking form (Appendix 2) so they could track and 
progress their physical activity in 20% increments 
every other week. At the supervised sessions, the 
HEP was assessed to ensure adequate progress and 
exercises were performed that focused on strength-
ening the lower extremity and performing daily 
activities (walking, climbing stairs, rising out of 
a chair) with symmetrical force and movement 
between the legs. Treatment during these sessions 
also included gait training on a treadmill that pro-
duced feedback on gait symmetry. 

After 12 post-operative weeks, movement precau-
tions (hip precautions) were lifted allowing for a vari-
ety of exercises and motions during the final phase 
(weeks 12-16). During this phase, patients com-
pleted four weeks of physical therapy at a frequency 
of three visits a week totaling 12 visits. During this 
time, treatment focused on progressive exercises and 
higher-level return to activity training. All exercises 
and training were tailored to the patient’s specific 
goals (Table 1), which were described at the initial 
physical therapy evaluation using the Patient Spe-
cific Functional Scale (PSFS). On the PSFS, patient’s 
list activities that are important to them, and quan-
tify their current ability to complete those activi-
ties. Some examples of sports and activities in this 
group of patients included basketball, running, 
golf, hiking, and curling. Training for return to 
basketball included drop jumps from a low height 

at the University of Delaware Physical Therapy 
Clinic were allocated to the experimental protocol. 
Patients treated outside of the University clinic were 
included as an active control comparator and the 
therapeutic protocol was not constrained. Patients in 
the control group received physical therapy care as 
recommended by their surgeon and the total number 
of visits were not constrained for this group. Patients 
were not informed about the specifics of the inter-
vention prior to choosing a location for post-opera-
tive therapy to reduce patient selection bias. 

The experimental group completed 18 sessions 
of physical therapy in total over 16 weeks. In the 
experimental arm, patients were treated in a super-
vised in-clinic session during the initial phase 
(weeks 0-12) once every other week for 12 weeks (6 
visits) after THA transitioning into the final phase 
(weeks 13-16) at three visits a week for 4 weeks 
(12 visits). During the initial phase, patients were 
prescribed a progressive home exercise program 
(HEP) that was advanced by the physical thera-
pist every other week at each supervised visit. The 
HEP protocol used by the therapist (Appendix 1 
and Appendix 3) and the patient instruction sheet 
(Appendix 2) can be found in the Appendices. Dur-
ing the initial phase, the HEP was designed within 
the constraints of the hip precautions, but was still 
progressive in nature. Patients were informed how 
to advance the resistance or frequency of their 
exercises at home. A pedometer (FitBit Zip™) was 

Table 1. Intervention Patient Rehabilitation Goals that guided the focus of the second half 
of the intervention during the last four weeks.



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 568

while also completing a structured running progres-
sion program. This program started with walking, pro-
gressed to fast walking, alternate walk-jogs, and slow 
jogging up to one mile on a treadmill. Those returning 

(Figure 1) and dynamic single leg balance exercises, such 
as single leg stance on foam while bouncing a weighted 
ball off of a trampoline (Figure 2). Agility training was 
also used and included grape vines, cone weaving (Fig-
ure 3), and high knees. Those returning to running per-
formed single leg stability and strengthening exercises 

Figure 1. Drop jump with second jump (Basketball).

Figure 2. Single leg ball throw (Basketball).

Figure 3. Cone agility and technique drill (in and out of cones).
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to golf practiced repeated stroking on uneven surfaces 
outside and swung a medicine ball like a club while on 
two foam balance mats (Figure 4). The patient return-
ing to curling did dynamic mobility exercises such as 
deep lunges on a sliding board and lateral slides in a 
slippery surface (Figure 5 and 6). The full protocol can 
be found in Appendix 3. 

Figure 4. Golf swing with medicine ball, requiring balance.

Figure 5. Lateral slides for stability for curling.

Figure 6. Sliding position for curling.
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of total visits between the control and intervention 
group was assessed using an independent t-test. 

RESULTS

Clinical Results
One patient dropped from the control group prior 
to the start of rehabilitation. At baseline, the experi-
mental group was eight years younger (p=0.013) 
and scored 12 points lower (worse) on the HOOS 
JR (p=0.025; Table 2). There was a significant dif-
ference in change scores between the intervention 
and control group for the 6MWT (p=0.011). The 
intervention group had a greater change in 6MWT 
distance by 23.4% vs the control which increased 
by only 9.4% (p=0.01). There were no other dif-
ferences in change score between groups for other 

Statistical Methods. Change scores were calculat-
ed for each variable of interest. One-way analysis of 
variance (ANOVA) tests were performed to compare 
between groups. Alpha levels were set at <0.05. De-
scriptive measures of means and direction of change 
were also reported. To assess differences in patient 
satisfaction 16 weeks after THA compared to indi-
viduals who underwent usual care, an independent 
t-test was used to compare self-reported satisfaction 
between the groups at the 16-week time point. 

To assess feasibility and safety, descriptive data were 
reported. Safety was measured by assessing the num-
ber and type of adverse events during the experimental 
treatment. Feasibility was assessed by calculating the 
number of patients who attended all 16 visits, as well as 
reviewing the reasons for missed visits. A comparison 

Table 2. Clinical Measures Pre- and Post-Intervention, presented as mean scores, 
change values, and confi dence intervals.
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performance-based tests of function. There was a 
significant difference in change scores for the HOOS 
Jr (p=0.034) with a 103% increase for the interven-
tion group and a 60% increase in the control group. 
There was also a statistically significant difference 
in satisfaction after treatment. The intervention 
group had greater average satisfaction (p=0.03) at 
the conclusion of the intervention. The intervention 
group had an average satisfaction of 96 out of 100 
while the control group average satisfaction was 84 
out of 100. Similar to the functional measures both 
groups had greater scores at 16-week follow-up for 
the remaining self-reported measures. 

There was a significant difference in change scores 
for the non-surgical side hip abduction strength 
(p=0.01) in which the intervention group increased 
hip strength (0.04 kg/BW, 26% increase), while the 
control group decreased (-0.02 kg/BW, 11% decrease). 
Although not significant (p=0.29) the hip abduction 
strength on the surgical side saw some improve-
ments for the intervention group and weakening for 
the control group. All values can be found in Table 2. 

Biomechanical Results
There were no significant differences in change 
scores for discrete biomechanical metrics between 
groups during gait (Figure 7A, 7B). There were sig-
nificant differences of average vertical ground reac-
tion force symmetry during sit-to-stand in which 
the intervention group became more symmetrical 

at follow-up, while the control group became more 
asymmetrical. (p=0.041) (Figure 8A, 8B). All values 
can be found in Table 3. 

Safety and Feasibility
There were no adverse events for the intervention 
group and there was no significant difference in the 
number of visits between groups (p=0.174). The 
intervention group completed an average of 15 vis-
its with a range of 14 to 18 visits. The control group 
completed an average of 19 visits, but the number of 
visits ranged from 11 to 36. 

DISCUSSION
This physical therapy protocol, which focused on 
reducing supervised visits early after THA and 
retraining higher level activities later in the course of 
recovery, had a positive effect on outcomes without 
compromising safety. The effect of the experimen-
tal intervention was most appreciable for the 6MWT, 
non-surgical hip strength, satisfaction, and movement 
symmetry. Although it needs to be substantiated in 
larger, randomized clinical studies, the progressive 
intervention may produce better outcomes across 
multiple domains recovery as compared to usual care. 

Overall, both groups had similar improvements in 
the TUG and SCT. The TUG was originally devel-
oped as a test for individuals with neurological dys-
function and may not be substantially challenging 
for patients after THA. In reviewing the outcomes 

Figure 7A and 7B. The fi rst and second peak vertical ground reaction force during stance are indicated by two black arrows 
on the graph. A dotted line indicates 100% of body weight. Figure 7A shows the control groups and fi gure 7B shows the interven-
tion group. The mean ground reaction forces during 100% of stance before surgery (black) and after surgery (red) are shown in 
both images. In fi gure 7A both peaks remain below the 100% dashed line.
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for this test, many patients in both groups preopera-
tive scores would already be considered normal for 
their age and remained so after surgery as well.27,28 
Scores for the SCT were quite variable in both groups 

before and after THA. The experimental group had 
a large mean improvement in the SCT (10 seconds) 
compared to the control group (2 seconds), even 
though there was no statistical difference between 

Figure 8A and 8B. The graph shows the average symmetry in the intervention group (8A) and in the control group (8B) during 
sit to stand before and after surgery. The dotted line shows perfect symmetry of 1 and the two solid lines on either side has been 
defi ned previously in the authors’ lab to be the acceptable range of “symmetrical” (0.9 to 1.1). In this table, the post intervention 
symmetry is closer to the symmetrical cut off then before surgery. 

Table 3. Biomechanical Measures Pre- and Post-Intervention, presented as mean 
scores, change values, and confi dence intervals. 
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these scores. It is likely that the study was under-
powered to detect a difference given the large vari-
ability of patients in both groups.

Even though there was no statistical difference 
between groups for change in surgical side hip 
abductor strength, the intervention group demon-
strated a mean increase in strength while the control 
group decreased on average. Previous work in this 
lab29 and others30,31 demonstrated that individuals 
after THA have residual weakness in the operated 
limb that does not improve with rehabilitation, even 
when measured one year post-surgery. It is possible 
that the progressive and higher-level training in the 
experimental group produced strength gains greater 
than what is typically seen in this patient popula-
tion. Given the clinically meaningful improvement 
in strength on surgical side, and statistically signifi-
cant improvement in strength on the non-surgical 
side, it is not surprising that there the intervention 
group had better outcomes with the 6MWT which 
exceeded the clinically minimal significant differ-
ence of 85m.18 This is a demanding test that is highly 
correlated to lower extremity strength.32 

Although both groups were “satisfied” at the end of 
the study, patients in the experimental group had 
12 points greater satisfaction on the 0-100 scale than 
the control group at the conclusion of the study. The 
satisfaction question pertained to how satisfied the 
patient was with the “outcome of their THA surgery”. 
The experimental protocol specifically targeted 
activities and goals most pertinent to the patient as 
were measured using the Patient Specific Functional 
Scale. For example, one patient was starting his own 
company for which he would be welding. This voca-
tion involved getting underneath trucks and climb-
ing into large vehicles. The outcomes of his recovery 
would directly affect his livelihood. Another patient 
sought out a surgeon that would allow him to return to 
running, and his rehabilitation program was tailored 
to include a progressive return to running protocol. 
By the end of treatment, he was able to run a mile 
without pain or noticeable deviation. Patient satisfac-
tion with surgery may be directly related to how well 
they can return to what their feeling of “normal” is 
when performing activities that are relevant to their 
vocational, recreational, or social goals. Often suc-
cessful outcomes from this musculoskeletal surgery 

is measured in terms of range of motion, strength, or 
scales that measure the ability to complete activities 
of daily living. Future research should explore mea-
suring and training individuals in tasks that are most 
relevant to their overall goals.

Although there were no significant differences in 
discrete measures of gait biomechanics, between-
limb force symmetry improved in the intervention 
group during a sit-to-stand task. This is a meaning-
ful result, as asymmetrical movement patterns that 
continually overload the non-operated limb are com-
mon after primary THA.33 This residual overloading 
of the non-operated limb may explain, in part, the 
high prevalence of contralateral arthroplasty after 
an index procedure. It is important that the integ-
rity of the operated limb, as well as the non-operated 
limb is maintained, particularly in a demographic 
that is getting younger and will have a longer post-
operative life expectancy. 

Although there were no significant differences in 
peak vertical ground reaction forces, which may be 
a consequence of the small sample size, the force 
did improve for the experimental group (Figure 1A, 
1B). Patients in the experimental group after THA 
had a first and second peak vGRF that were closer to 
established norms for gait as compared to both their 
pre-operative time point and the post-operative time 
point in the control group. Typically, peak values of 
vGRF during loading and pushoff are approximately 
110% of bodyweight.34 On average, Peak vGRF in the 
control group remained below 100% BW, whereas 
the average peak exceeded 100% in the experimental 
group (Table 3). While some of these improvements 
may be solely related to the surgery and lower pain, 
the trend towards a difference between groups in 
this small sample may warrant future investigation. 

While the tenets of this program would seem to be 
of benefit to most individuals with THA, this reha-
bilitation approach may be most appropriate for a 
select group of patients. This study was envisioned 
with timing and content of this protocol to best 
suit younger, active patients who are substantially 
motivated to return to high level physical activity 
or participation in a more demanding recreational 
and vocational activities. Because the initial phase 
required that patients perform and progress exer-
cises independently outside of the clinic, it may not 
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be suitable for patients who do not completely com-
prehend instructions for exercise and progression, 
individuals who have low-functional levels and poor 
mobility, or patients who are not motivated to per-
form exercises in their home environment. For suc-
cessful outcomes communication with the surgeon is 
critical for patients enrolled in this type of interven-
tion. Clearance from the surgeon was recieved before 
performing any dynamic training component with 
patients in this study that may be considered out-
side the scope of traditional rehabilitation after THA. 
All patients in the experimental group routinely fol-
lowed-up with their surgeons to ensure stability of 
the prosthesis and to obtain a prescription for contin-
ued enrollment in the rehabilitation program. A set 
of soreness rules35 were followed for all patients to 
make sure that exercise and training progression was 
not having negative consequences on the prosthesis 
or surrounding soft tissue. Even with these safety 
precautions, there are still potential risk associated 
with greater joint loading, from higher level activ-
ites, after THA include aseptic loosening, fractures, 
polyethylene wear, or joint revision.36–39 Although 
the anterior approach is becoming more common-
place with a desire for earlier return to higher level 
activities, early prosthetic failure is more common 
with this approach and physical therapists should 
be aware of this risk.40 There is a delicate balance 
between allowing participation and elevating qual-
ity of life and preserving the integrity of the prosthe-
sis for long-term orthopedic survivorship. Previous 
work has found that while perceived outcomes may 
be better in those who participate in higher-level 
activities, the rate of revision may be greater. 38 
Although current literature suggests these factors 
may not be as severe as in the past,13,38 it is essential 
that patients are informed of all risks associated with 
higher level activities after THA and do not partici-
pate in activities they are counseled to avoid by their 
treating surgeon. Although beyond the scope of this 
research, it is important to systematically address 
all potential risks, and the treating therapist must 
be aware of the current state of the literature/rec-
ommendations pertaining to the safety of activities 
after THA.41 Physical therapists should implement 
evidence-based protocols to help improve the quality 
of life for all individuals after THA. In order to make 
better informed decisions, future long-term outcome 

studies on prosthetic survivorship and activity-level 
are needed as the goals, needs, and activities evolve 
in this patient demographic.

Limitations 
Study enrollment was not randomized and patients 
had a choice in where they received treatment, which 
may have affected outcomes. Future studies evaluat-
ing this protocol should randomly allocate patient 
grouping to avoid bias in the patient sample or in 
the delivery of the intervention. The researcher was 
also not blinded to the groups and was the interven-
ing therapist. In this study, the experimental group 
was significantly younger (p=0.013) by eight years. 
Functional measures decline with advancing age and 
younger patients may have a better rehabilitation 
potential.27,42,43 However, the individuals in the exper-
imental group had worse self-reported functional 
scores before THA, despite being younger. Addition-
ally, other studies have shown that age is not a major 
contributing factor to functional recovery after joint 
arthroplasty.44 The lower scores on the HOOS JR in 
the experimental group may have allowed them to 
achieve greater gains by follow-up. Baseline differ-
ences may partially explain the difference between 
groups in change scores for this measure. Future 
studies that randomize treatment allocation would 
be beneficial to overcome this potential confound-
ing factor. Since this study evaluated feasibility and 
preliminary effectiveness, the sample size was small 
to allow for safe and direct evaluation of the novel 
protocol. Also, a pilot study in nature usually has a 
low sample size, therefore it is possible this study 
was underpowered to detect statistically significant 
differences in the biomechanics during gait. A larger 
sample size may find differences between groups for 
the first and second peak vGRF during stance phase. 
Also, there was a difference in groups with a greater 
number of males, however although raw clinical data 
is sometimes higher for males a study by Kostamo 
et al,45 found there was no effect for gender when 
assessing change scores after THA, along with sur-
vivorship and revision rates. Thus, the differences 
in gender distribution between the two groups (both 
with larger male counterpart) should not have had 
an impact when assessing change scores, however 
in a larger trial if raw clinic scores are assessed equal 
distribution of gender in groups would be needed. 
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Future Research
This feasibly study supports the notion that a pro-
gressive rehabilitation protocol that includes a 
period of home-based exercises, followed by super-
vised movement training may benefit individuals 
after THA. A larger sample size with randomization 
and a matched cohort would allow for a more robust 
analysis of this protocol to identify the strengths 
and weakness of the protocol as well as success in 
returning patients to higher-level goals. 

CONCLUSION
The results of this study indicate that a delayed treat-
ment timing and focus on return to high level activity 
results in improvements in function and biomechan-
ics after THA, and is feasible and safe to complete. 
This novel therapy protocol may be more appropriate 
and provide better clinical outcomes than traditional 
rehabilitation for younger and more active patients. It 
accounts for a variety of patient goals ranging in dif-
ferent levels and types of activity and sports. Use of 
this protocol could allow therapists a unique approach 
to patients, particularly those who have an interest in 
higher level activities or return to sports. 
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APPENDIX 1. THA Rehabilitation Study Home Exercise Program
Therapist Directions for HEP Creation
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APPENDIX 2. Instructions to Subject for Therapist
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APPENDIX 3. Research Practice Guidelines for: Total Hip Arthro-
plasty (THA) Rehabilitation Study
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APPENDIX 3. Research Practice Guidelines for: Total Hip Arthro-
plasty (THA) Rehabilitation Study (continued)
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APPENDIX 3. Research Practice Guidelines for: Total Hip Arthro-
plasty (THA) Rehabilitation Study (continued)



ABSTRACT
Background: Monitoring the volume of activity (i.e. pitch counts) and tracking upper extremity (UE) performance changes is com-
mon in overhead athletes; however, a lack of evidence exists for volleyball players.

Purpose: The purpose of this study was to investigate changes in shoulder mobility, strength, and pain, along with UE swing count 
volume in Division I collegiate female volleyball athletes over a competitive season.

Study Design: Observational, longitudinal study

Methods: Swing count data was collected during two separate days of practice during weeks 1, 7, and 14 of the competitive season. 
Perceived swing counts were collected after each practice from athletes and two coaches. Actual swing counts were tallied by retro-
spective viewing of video footage. Dominant shoulder internal (IR) and external rotation (ER) range of motion (ROM) and isometric 
strength, along with UE pain, were assessed on five occasions: baseline, in-season (weeks 1, 7, 14) and post-season (week 22).

Results: Five Division I female volleyball athletes participated. Perceived UE swing counts among coaching staff were significantly 
correlated with actual swing count (r = 0.93 - 0.98, p<.05), while athlete perceived swing count was moderately correlated and 
was not statistically significant (r = 0.64, p =.25). Shoulder IR ROM decreased from baseline to week 14 (-5.6 ± 10.6, 95% CI: 
-18.76, 7.6; p = .03), with a large effect size (d = 1.0). Large effect sizes were observed for increases in UE pain, shoulder ER ROM, 
and IR strength (d = 0.8 - 2.3). An increase in shoulder IR strength occurred from baseline to week 14 (p = .001), but decreased 
during the eight weeks of post-season relative rest (p =.02). 

Conclusions: UE swing count estimates by coaching staff demonstrated higher correlation with actual swing counts obtained 
through video recording, as compared to volleyball athlete self-report. This cohort experienced increased shoulder IR strength and 
ER ROM over a competitive season. Shoulder IR ROM decreased during the first 14 weeks with a large effect size. Monitoring UE 
performance changes and swing count volume may have implications for injury prevention and program development for vol-
leyball athletes. 

Level of Evidence: Level 2B

Key words: Female, range of motion, shoulder, strength, volleyball
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INTRODUCTION
Women’s collegiate volleyball participation has been 
rising in recent years, as over 17,000 athletes partici-
pated in 2017-2018 as reported by the National Col-
legiate Athletic Association (NCAA).1 This trend in 
increased popularity has also been observed at the 
high school level in the United States, where over 
400,000 high school girls participated in volleyball in 
2017-2018 – exceeding participation in other popu-
lar sports such as basketball.2 Common injuries in 
competitive volleyball participation include those 
to the ankle, knee, and shoulder, where shoulder 
strains were the third most common injury experi-
enced during NCAA women’s volleyball matches as 
reported from 1988-1989 through 2003-2004.3 Time 
loss from shoulder overuse injuries was the greatest, 
at an average of over six weeks, when compared to 
other body regions for Dutch second and third divi-
sion volleyball players.4

Excessive volume of overhead activity has been fre-
quently documented as an upper extremity (UE) 
injury risk factor in other sports, such as baseball,5,6 
tennis,7,8 and handball.9 Particularly with baseball, 
various governing bodies have put forth position 
statements to guide the volume of overhead activ-
ity in efforts to reduce injury, often referred to as 
‘pitch counts.’ The National Athletic Trainers’ Asso-
ciation has supported pitch count recommendations 
according to age, game/season, and type of pitch.10 
At the present time, similar workload guidelines do 
not exist for volleyball athletes of any age or ability 
level, in spite of the knowledge that a competitive 
volleyball athlete may perform upwards of 40,000 
attacks per year.11 It may prove beneficial to develop 
a ‘swing count’ to monitor UE workload in volleyball 
athletes to develop injury prevention strategies. 

Shoulder mobility and strength imbalances have 
also been identified as risk factors for UE injuries 
in several overhead sports. A substantial decrease in 
dominant shoulder IR ROM, as well as total shoulder 
ROM, were identified as UE injury risk factors in high 
school softball and baseball athletes.12 Further, these 
same softball and baseball athletes who displayed 
over 25° of IR ROM deficit on the dominant shoul-
der were at four times elevated risk of UE injury. 
The associated trend in glenohumeral internal rota-
tion deficiency, decreased total rotational motion, 

and shoulder injury has also been documented in 
professional baseball pitchers.13 Similarly, a prospec-
tive study of elite male handball athletes who were 
at elevated risk for shoulder injuries included those 
with reduced total rotational motion, external rota-
tion weakness, and scapular dyskinesis.14 A cohort 
study of high level male volleyball athletes demon-
strated a similar trend, with muscle imbalances of 
the dominant shoulder linked to increased injury 
risk.15 However, little is known about how shoul-
der mobility and strength imbalances fluctuate, or 
persist, over a competitive season in elite volleyball 
players. 

In efforts to identify those at risk for shoulder injury, 
preseason testing has been advocated for overhead 
athletes. External rotation and supraspinatus weak-
ness, as identified preseason, were significantly 
associated with a throwing-related injury and surgi-
cal intervention in professional baseball players.16 
Serial testing of shoulder strength in swimmers over 
a competitive season revealed increases in internal 
rotator:external rotator strength ratios, which may 
place athletes at elevated risk for shoulder injury.17 
Hence, rehabilitation professionals may be well posi-
tioned to participate in preseason, or serial, testing 
in efforts to design shoulder injury prevention pro-
grams for volleyball athletes, despite a current lack 
of evidence-based preventative intervention stud-
ies.18 The purpose of this study was to investigate 
changes in shoulder mobility, strength, and pain, 
along with UE swing count volume in Division I col-
legiate female volleyball athletes over a competitive 
season. A secondary purpose was to compare actual 
versus perceived UE swing counts among athletes 
and coaching staff. 

METHODS

Research Design
This study was approved by the University of South 
Dakota Institutional Review Board. All subjects 
signed an approved informed consent form prior 
to participation. This was a longitudinal research 
design. 

Participants
Division I female volleyball athletes were recruited 
from a Midwestern university. In order to participate, 
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ROM was performed similarly, and care was taken 
through manual stabilization of the scapula in order 
to isolate glenohumeral joint mobility. Total shoul-
der ROM was defined as the sum of IR and ER ROM. 

Strength
For purposes of torque calculation, forearm length 
was measured during baseline testing with the par-
ticipant in supine and recorded as the distance from 
the olecranon to the distal ulnar styloid process. A 
handheld dynamometer (HHD) (microFET2, Hog-
gan Scientific, LLC. Salt Lake City, UT, USA) was 
used to assess isometric strength. A chair was placed 
in two separate doorways, facing the door frame to 
measure shoulder ER and IR strength, respectively. 
The chair was then rotated 60° in the transverse 
plane to place the shoulder in the scapular plane, or 
30° from the coronal plane (Figure 2). The examiner 
placed the individual’s dominant shoulder in 90° of 
scaption and neutral rotation, 90° of elbow flexion, 
and the forearm in relative neutral pronation-supi-
nation to accommodate the HHD force pad. Test 
position was selected to replicate the sport-specific 
position of a volleyball hit. Participants were cued to 

athletes were required to be female, at least 18 
years of age, and active on the women’s volleyball 
team roster (non-redshirt). Subjects were excluded 
if they reported any previous injury to the back or 
upper extremities within the prior three months 
that caused them to miss an entire practice or game, 
previous surgery to the back or upper extremities 
within the prior six months, or were pregnant. Sub-
jects were removed from the study if, at any point 
during the season, injury caused them to miss any 
practice/game. Playing position was not specifically 
recorded in this study. 

PROCEDURES
UE performance testing began in pre-season and 
concluded roughly two months post-season, which 
consisted of dominant shoulder IR and ER ROM, iso-
metric strength, and UE pain level. UE performance 
measures were attained at baseline (week 0), in-sea-
son (weeks 1, 7, 14) and post-season (week 22). Swing 
count data was collected during two separate days of 
practice during weeks 1, 7, and 14 of the competitive 
season, which concluded at week 14. Demographic 
information collected at baseline included: height, 
body mass, and age. All testing was conducted in a 
controlled laboratory environment through a station-
based approach, where each participant completed 
tests in an identical order with the same examiner 
at each station. Participants were blinded to all UE 
performance measurements, as well as perceived 
and actual swing count values reported by other ath-
letes, coaches, and/or researchers. 

Range of Motion
Shoulder passive ROM procedures were adapted 
from a previous study.19 A towel roll was placed 
under the distal upper arm to position the fulcrum 
(elbow) in the coronal plane and in line with the 
acromion.20 The shoulder was first abducted 90° in 
neutral rotation, elbow positioned in 90° flexion, and 
forearm in neutral pronation-supination. ROM val-
ues were obtained using a standard universal goni-
ometer centered on the long axis of the humerus, 
with the stationary arm positioned vertically and 
moving arm along the lateral ulna. IR passive ROM 
was determined when a firm end-feel was noted by 
the examiner with anterior stabilization at the cora-
coid process of the scapula (Figure 1). ER passive 

Figure 1. Passive Internal Rotation Range of Motion.
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athletes throughout the season.24 Participants were 
asked if they were experiencing pain at any location 
in the dominant UE (including scapula, shoulder, 
elbow, wrist, or hand) and rated this pain on a 0-10 
NPRS, with 0 indicating no pain and 10 indicating 
the worst pain possible.

Upper Extremity Swing Count 
An educational session was provided to the coach-
ing staff and athletes prior to the first practice, and 
they were instructed to include all overhead hits, 
roll shots, and serves when reporting their perceived 
swing count. Coaching staff and athletes were blinded 
from each other’s perceived swing counts and were 
advised to not share this information. Perceived 
swing counts were recorded through paper surveys 
collected immediately after each practice from the 
athletes and two volleyball coaching staff members, 
who were present at all practice sessions. Two prac-
tice sessions each week of swing count data collection 
(weeks 1, 7, and 14) were selected based on team avail-
ability and travel schedules. Athletes were instructed 
to provide an estimated swing count for themselves, 
while coaching staff provided perceived swing counts 
for all athletes participating in the research protocol. 
Athlete and coaching staff self-reported swing counts 
were averaged according to each individual athlete 
during each week of data collection, while a season 
composite swing count was calculated from the mean 
of the weekly swing counts. 

Actual swing count data was collected by means of 
video recording and analysis. Practices were video 
recorded by team staff, and viewed by two research-
ers collaboratively in an environment with minimal 
distractions. An UE swing was tallied for a serve, 
attack, or roll shot. One researcher viewed the video 
footage and called out a swing along with the cor-
responding athlete’s jersey number, while the other 
researcher recorded the data. Playback speed was 
modified as needed by the researchers - depending 
on the intensity of the practice and changing for-
mations. At the conclusion of each viewing session, 
swing counts were tallied for each athlete. 

STATISTICAL METHODS
Statistical analyses were conducted using SPSS ver-
sion 24.0 (IBM Corp, Armonk, NY, USA). Descriptive 
statistics, Pearson correlations, and paired t-tests 

sit as erect as possible. The HHD was placed against 
the door frame for enhanced stability, as adding a 
stabilizing device has demonstrated excellent test-
retest reliability when assessing isometric shoul-
der strength21 along with eliminating the influence 
of examiner strength.22 The HHD was positioned at 
the dorsal aspect of the wrist, at level of the radial 
and ulnar styloid processes.23 Each participant was 
prompted to provide a gradual build up to maximum 
voluntary effort and hold for five seconds duration. 
During initial measurements, one practice trial was 
allowed to familiarize the participant with testing 
procedures. Participants were given a 20 second rest 
period between two test trials. Shoulder ER and IR 
torque values were calculated using the average of 
two test trials and forearm length measurements 
(distance from ulnar styloid to olecranon), then nor-
malized to body mass (Nm/kg). Shoulder strength 
ratios were expressed as shoulder ER: IR torque. 

Pain
A standard numeric pain rating scale (NPRS) was 
used to determine pain levels experienced by the 

Figure 2. Isometric External Rotation Strength Testing with 
Handheld Dynamometry in the Scapular Plane.
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season (d = 0.8 - 2.3). Total shoulder ROM remained 
relatively consistent from baseline to week 14 (0.0 ± 
10.2, 95% CI: -12.7, 12.7). An increase in shoulder IR 
strength was observed from baseline to week 14 (p = 
.001), but decreased during the eight weeks of post-
season relative rest (p =.02). Finally, ER ROM gains 
were significantly associated with ER strength loss (r 
= 0.96, p = .01). Figures 4 and 5 display chronologi-
cal ROM and strength changes over the competitive 
season. 

DISCUSSION
Subjective rating of workload, traditionally assessed 
through session rating of perceived exertion (sRPE), 
is regular practice in other sports such as soccer27,28 
and rugby.29 A previous investigation utilized sRPE 
of collegiate volleyball athletes and their coaches as 
a means to calculate training load, which revealed 
coaching staff were generally accurate in their per-
ception of sRPE and training load.30 This is consis-
tent with the results of the current study, where 
perceived swing count by coaching staff was highly 
correlated to actual swing count, not to mention the 

were utilized. Strength of correlation was determined 
based on the following guidelines: < 0.25 (weak or 
no relationship), 0.25 – 0.5 (fair), 0.5 – 0.75 (mod-
erate to good), > 0.75 (good to excellent).25 Paired 
t-tests were used to compare dominant shoulder 
torque, ROM, and pain measures at different points 
through the season with alpha level for significance 
set at p ≤ 0.05. Cohen’s d was used to examine effect 
size by dividing the difference of the means by the 
pooled standard deviation according to the following 
guidelines: < 0.2 (trivial), 0.2 – 0.49 (small), 0.5 – 
0.79 (medium), and ≥ 0.8 (large).26

RESULTS
Five healthy Division I female volleyball athletes 
completed the testing protocol (age: 19.6 ± 1.1 years, 
height: 1.8 ± 0.1 m, mass: 79.4 ± 6.6 kg). Mean 
perceived swing counts (season composite) among 
coaching staff were significantly associated with 
actual swing count (r = 0.93 - 0.98, p<.05), while 
athlete perceived swing count was moderately cor-
related but was not statistically significant (r = 0.64, 
p = 0.25). Swing count results are further outlined 
in Table 1, along with graphical depictions in Figure 
3 to describe trends of mean perceived and actual 
swing counts. Table 2 displays dominant UE pain, 
shoulder ROM, strength, and strength ratios over the 
course of the season, while Table 3 provides statisti-
cal comparisons including t score and effect sizes. 
Shoulder IR ROM decreased from baseline to week 
14 (-5.6 ± 10.6, 95% CI: -18.76, 7.6; p = .03), with 
a large effect size (d = 1.0). Large effect sizes were 
observed for increases in UE pain, shoulder ER ROM, 
and IR strength over the course of the competitive 

Figure 3. Actual versus Perceived Swing Count.

Table 1. Average Perceived vs. Actual Daily Upper Extremity Swing 
Count over a Competitive Season. Values expressed as mean ± 
standard deviation (95% confi dence interval) .
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to other sports, such as baseball. The mean actual 
swing counts varied between roughly 60-100 swings 
per practice. A separate study using NCAA Division 
I women’s volleyball data identified the combined 
number of attack and serve attempts for a single 
game may reach upwards of ten for an outside hit-
ter, so theoretically may require 30-40 per match in 
a best-of-five competition assuming an average of 3-4 

extraordinarily similar mean perceived swing counts 
between the two coaches. Recording perceived 
swing counts may be a viable, accessible means to 
track UE workload in volleyball athletes in order to 
appropriately monitor and adjust UE workload.

The volleyball swing counts obtained from the cur-
rent investigation also need to be discussed relative 

Table 2. Dominant Upper Extremity Pain, Shoulder Internal and External Rotation Range of 
Motion, Total Range of Motion, Shoulder Internal and External Rotation Strength, and External to 
Internal Rotation Strength Ratios. Values expressed as mean ± standard deviation (95% confi dence 
interval). 

Table 3. Paired t-tests comparing dominant shoulder pain, range of motion, and strength measurements 
across a competitive season. Change score values expressed as mean ± standard deviation (95% confi dence 
interval).
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during the acceleration and deceleration phases of 
arm motion.32 However, different volleyball swings 
produced various amounts of torque, with the spike 
producing nearly twice the amount of internal rota-
tion torque as a roll shot.33 The current study grouped 
spikes/attacks, roll shots, and serves into the overall 
swing count, which may be considered a limitation 
in reporting UE workload. Future investigations may 
wish to delineate UE workload according to the spe-
cific type of overhead activity performed in volleyball 
athletes. 

games per match.31 Pitch count recommendations for 
adolescent baseball athletes include throwing less 
than 80 pitches per game, and only 30-39 pitches on 
one day of rest.10 One may argue that the volleyball 
spike requires different demands placed upon the 
shoulder complex as compared to executing a baseball 
pitch; thus, requiring a different set of guidelines for 
UE workload. Electromyographic analysis revealed 
similar patterns of muscle activation in high level 
volleyball players for the spike and serve, which was 
also comparable to a baseball pitch and tennis serve 

Figure 4. Dominant Shoulder Range of Motion Measurements.
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Changes in shoulder mobility for volleyball ath-
letes were similar to those seen in other overhead 
sports with a trend toward decreased IR ROM, and 
increased ER ROM.34 The current study is unique, 
in that these changes are described chronologically. 
Shoulder mobility adaptations in IR and ER ROM 
continued throughout the competitive season, but 
total shoulder ROM remained relatively consistent 
over time. It was interesting to note that although 
not statistically significant, changes in IR and ER 
ROM had not returned to baseline levels after eight 
weeks of relative rest (self-selected level of activity). 

Activities performed during this eight-week period 
were not tracked as part of the study protocol, 
which may have offered additional insight into ROM 
changes. Rehabilitation professionals may wish to 
engage volleyball athletes in an active recovery pro-
cess to avoid shoulder mobility complications. 

Certain patterns have been described for dominant 
shoulder strength profiles of elite volleyball ath-
letes, which includes increased concentric/eccen-
tric strength of the internal rotators when compared 
to the nondominant UE.15 IR strength gains were 

Figure 5. Dominant Shoulder Strength Measurements.
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observed over the course of the competitive season, 
which was most likely a sport-specific adaptation. Of 
note, ER strength values did not follow a similar pat-
tern, which raises concern for maintaining appro-
priate ER:IR strength ratios throughout the season. 
It was reported that collegiate male baseball pitch-
ers demonstrated mean ER:IR isokinetic strength 
ratios of 0.7 in the dominant UE,35 with recommen-
dations for attaining at least a 0.65 ratio.36 Although 
the strength ratios reported in the current study 
were roughly 0.9 throughout the season, a notewor-
thy decrease in ER:IR strength ratios were observed 
after eight weeks of rest (0.7). Future research may 
wish to investigate the relationship between ER:IR 
strength ratios and UE injury in volleyball athletes. 
Further, it may be appropriate for rehabilitation pro-
fessionals to assess shoulder strength ratios upon 
return from offseason to address strength imbal-
ances in order to inform injury prevention. 

LIMITATIONS
The generalizability of the results is primarily lim-
ited due to a small sample recruited from a single 
Midwestern university. Additionally, it is common 
practice for attacking players to ‘fake’ a swing, 
while still carrying out the UE motion, which was 
not accounted for in this study; thereby, potentially 
underestimating the true workload for the UE. 

The reliability of actual swing count procedures 
was not determined for this study, which may have 
impacted perceived swing count accuracy. Wearable 
technology has recently been investigated for use in 
assessing jump performance in volleyball athletes,37 
as well as tracking competition load sustained to 
the lower extremities.38 Wearable devices may hold 
promise in tracking UE workload in volleyball ath-
letes with greater accuracy,39 and would be a logical 
direction for future research. 

CONCLUSIONS
The results of this study indicate that UE swing count 
estimates by coaching staff demonstrated higher cor-
relation with actual swing counts obtained through 
video recording as compared to volleyball athlete 
self-report. This cohort of collegiate volleyball ath-
letes experienced increased shoulder IR strength 
and ER ROM over a competitive season. Shoulder 
IR ROM decreased during the first 14 weeks with a 

large effect size. Some UE performance measures 
did not return to baseline values, even after an eight-
week period of relative rest. Monitoring the progres-
sion of UE performance measures and swing count 
volume may have implications for injury reduction 
and program development for volleyball athletes. 
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ABSTRACT
Background: Performance in the discus throw requires high forces and torques generated from the shoulder of the 
throwing arm, making shoulder muscles at risk of overuse injury. Little is known on muscle activation patterns in 
elite discus throw. 

Hypothesis/Purpose: The purpose of this study was to compare the body kinematics and muscle activation patterns 
of arm and shoulder muscles involved in discus throwing when using discs of different mass (1.7 kg vs 2.0 kg). It was 
hypothesized that the use of a lighter discus would modify the activation of the shoulder musculature compared to a 
standard discus. 

Study design: Case-control laboratory study

Methods: Seven male elite discus throwers performed five throws using a standard discus (STD, 2.0 kg) and five 
throws using a lighter weight discus (LGT, 1.7 kg). Surface EMG was recorded for the biceps brachii (BB), deltoideus 
anterior (DA), deltoideus medialis (DM), clavicular head of the pectoralis major (PM), latissimus dorsi (LD), and tra-
pezius medialis (TM). Three-dimensional high-speed video analysis was utilized to record discus speed and identify 
the different temporal phases of each throw from the preparation phase (P1) to the delivery phase (P5). 

Results: The EMG activation of LD lasted longer (p < 0.01) in P1 and was initiated later in P5 with the LGT discus 
compared to STD. In P5, the EMG intensity of BB decreased (p = 0.02) with LGT (%EMGmax = 50.4 ± 49.6%) com-
pared to STD (64.8 ± 77.9%) and the activation of PM increased (p < 0.01) with LGT (86.2 ± 40.3%) compared to STD 
(66.2 ± 26.9%). The discus speed at release was increased (p = 0.04) by using the LGT discus (20.62 ± 0.75m.s-1) 
compared to STD (19.61 ± 0.57m.s-1). The throwing distance was also increased (P < 0.01) with the LGT (43.1 ± 4.3m) 
discus compared to STD (39.4 ± 3.4m). 

Conclusion/Clinical relevance: A lighter discus could be used by elite athletes in training to add variability in muscle 
solicitation and thus limit the overload on certain muscles of the shoulder region. These results may have implica-
tions regarding lowering the risk of injury in discus throw.

Level of Evidence: Level 3

Keywords: biceps brachii, electromyography, discus throwing, performance, training, upper limb
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INTRODUCTION
The act of throwing a discus requires technical and 
physical skills to perform complex movements at 
high speed in a restricted area.1-3 Performance in the 
discus throw is measured by official distance and 
mainly depends on the maximum speed, optimum 
height and specific angle of the discus at release.1,4,5 
Detailed analysis of the discus throw is generally 
carried out by subdividing the motion into five con-
secutive phases (Figure 1): i) preparation, a double 
support phase starting from the change in discus 
direction at the end of its backward swing and end-
ing when the right foot breaks contact; ii) entry, a 
single support phase which ends with the left foot 
breaking contact; iii) airborne, which ends with the 
right foot re-contacting; iv) transition, a single sup-
port phase which ends as the left foot lands; v) deliv-
ery, which starts as a double support phase and ends 
at release of the discus.1-3 Each phase has a differ-
ent influence on the final throwing performance.2,5 
Angular momentum of the discus in horizontal and 
vertical components increases during the prepara-
tion and entry phases. The ground reaction forces 
applied on the subject’s feet during the entry phase 
increase the forward speed of the thrower-discus sys-
tem.2 The loss of discus speed needs to be reduced 
using an optimal duration of airborne phase.4 The 
ground reaction forces applied to the subject’s feet 
during the last two phases (transition and delivery) 
are also significantly correlated with the final per-
formance.2 Finally, the majority of horizontal and 

vertical velocities are increased by the thrower dur-
ing the delivery phase.4,6 According to Yu et al.,2 
the lower limbs support important loads during the 
different phases of entry, transition and delivery. 
Indeed, a positive correlation was found between the 
increase in vertical speed from the foot opposite to 
the throwing arm and the official distance. As such 
it is well known that performance in discus throw-
ing is strongly influenced by the activity of lower 
limbs. On the contrary little information is known 
on the physical load applied to upper limbs which 
serve to drive the discus during the entire duration 
of the throw.3,5

The influence of upper limbs on the discus throw-
er’s performance has only been observed through 
the study of body coordination (i.e. temporal acti-
vation of body segments and joints) during the 
throw, showing that the lowest variability in the 
arm-shoulder kinematic pattern generally leads 
to the best performance.3,5 However, it is reported 
that the shoulder region accounts for 70 % of upper 
limb injuries in elite throwers.7 Although a robust 
kinematic pattern would be required to perform at 
high level, repeating the exact same movement and 
mobilizing the same level of muscle activation over 
a long period of time could accentuate the physical 
load on muscles and joints involved in discus throw. 
Indeed, a low motor variability is commonly associ-
ated with a higher occurrence of physiological and 
musculoskeletal disorders, potentially increasing 

Figure 1. Discus throwing phases (P1 to P5) and critical transition points (a to f) preceding each phase for a right-handed athlete, 
adapted from Yu et al. 2 P1) Preparation, a double support phase starting from the change in discus direction at the end of its 
backward swing and ending when the right foot breaks contact. P2) Entry, a single support phase which fi nishes with the left foot 
breaking contact. P3) Airborne, which fi nishes with the right foot re-contacting; P4) Transition, a single support phase which ends 
as the left foot lands; P5) Delivery, which starts as a double support phase and which ends at the release of the discus. a) Start of 
discus trajectory, b) right foot takeoff, c) left foot takeoff, d) right foot touchdown, e) left foot touchdown, and f) discus release.
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Within this framework, the purpose of the present 
study was to compare the body kinematics and mus-
cle activation patterns of arm and shoulder muscles 
involved in discus throwing when using discs of dif-
ferent mass (1.7 kg vs 2.0 kg). It was hypothesized 
that when performing discus throws with a lighter 
discus, the activity of arm and shoulder muscles 
would be lower compared to throws with a standard 
discus. 

METHODS

Study design
The objective of the study was to examine the body 
kinetics and activation of selected shoulder muscles 
during a series of discus throws using discs of dif-
ferent mass (1.7 kg vs. 2.0 kg). During the throws, 
muscle activity was recorded by using surface elec-
tromyography (sEMG) on the following muscles: 
BB, the long head of the biceps brachii; DA, the del-
toideus anterior; DM, the deltoideus medialis; PM, 
the clavicular head of the pectoralis major; LD, the 
latissimus dorsi; and TM, the trapezius medialis. 
Descriptive statistics (mean ± standard deviation) 
were used to determine muscle activations by calcu-
lating normalized sEMG data as a percent of the par-
ticipant’s maximum voluntary isometric contraction 
(%MVIC). In addition to shoulder muscle activa-
tion, body kinetics and throwing performances were 
recorded for each throw to examine the influence of 
the discus mass. 

Participants
Seven volunteer right-handed discus throwers 
(mean ± standard deviation: age = 23.0 ± 3years; 
height = 1.90 ± 0.06m; body mass = 108.0 ± 19kg; 
personal best performance = 57.0 ± 3.0m) par-
ticipated in this study. The participants were the 
seven top discus throwers of the National team. 
This study was approved by the National athletics 
association (France) and the local ethics committee 
and carried out in accordance with the Declaration 
of Helsinki. All the athletes were informed of the 
objectives of the study and signed a consent form 
before participating.

Surface electromyography procedure
All testing was carried out in the outside throwing 
area that the athletes used to train on a daily basis. 

the risk of injury.8 Edouard et al.7 reported that 75% 
of national level throwers (including shot put, discus 
throw, hammer throw, javelin throw) had presented 
one or more injuries of the throwing arm during 
their career. In the same study, 40% of the injuries 
required an average 28-day break in training. The 
forces and torques required in discus throw are gen-
erated through the lower body and are progressively 
transferred to the arm throughout the whole move-
ment, from the entry to delivery phase. As such, 
throwers place axial, translational and distraction 
forces across the glenohumeral, acromioclavicular 
and sternoclavicular joints which can suffer from 
overuse injuries over time.9 In addition, carrying and 
stabilizing the discus throughout the throw would 
involve a high muscle activation of certain muscles 
of the shoulder-arm region.4,10 A sustained training 
load before competition is also reported as one of the 
main factors of injury.11 To date, little information is 
available on the activation of upper limb muscles in 
discus throw and additional research is warranted to 
determine ways of modifying the load applied to the 
throwing arm. 

As reported in other throwing sports such as hand-
ball12 and shot put,13 training with a lighter ball or 
weight could improve the athlete’s ability to throw at 
a faster arm speed. Similarly, it can be hypothesized 
that training with a lighter discus could be used as a 
training strategy to diminish the physical load during 
key periods of training, whilst acquiring new abili-
ties. Training with a lower discus mass of 1.7 kg is 
often used by lower level and young athletes in order 
to improve their throwing motion abilities. To the 
best of our knowledge, only one preliminary study 
focused on the utilization of different discus masses 
on the body kinematics of three male and two female 
elite discus throwers.14 Results suggested that only 
the discus speed at release time was influenced by 
the discus mass, with no alteration of body kinemat-
ics during the throw.14 However, potential changes 
in muscular patterns and coordination during each 
phase of the throw were not investigated. Improv-
ing the knowledge of muscle activation patterns dur-
ing the specific phases of discus throw would allow 
a more specific strength and conditioning prepara-
tion to help improve performance, reduce the risk of 
injury and optimise rehabilitation processes.



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 595

in the vertical axis. For DM, participant stood, arm 
extended and in 90° abduction in the frontal plane 
and with 30° of anterior flexion in the sagittal plane. 
The thumb was oriented upward. The investigators 
applied a backward resistance onto the wrist in the 
vertical axis. For TM, participant sat upright on a 
bench with a 90° knee flexion, arm extended along 
the body. The investigators applied a downward 
resistance onto the wrist, in the vertical axis. For LD, 
the participant was lying prone with the arms rest-
ing at the sides. The participant was asked to inter-
nally rotate the arm so that the thumb faced towards 
the ground and raise it up away from the table into 
extension. The investigators applied a force on the 
forearm in the direction of abduction and flexion. 
Participants rested for 1 min between each contrac-
tion.19,21,22 The best performance of the three trials 
determined the MVIC and was kept for the analysis. 

General procedures
After completing the discus throwing specific warm-
up and MVIC procedures, athletes went to the throw-
ing area and were instructed to perform twelve 
maximal discus throws according to the criteria of 
realization of the International Association of Athlet-
ics Federation (IAAF). Six throws were performed 
using a standard 2.0kg competition discus (STD dis-
cus). The six other throws were performed using a 
lighter 1.7kg discus (LGT discus). A passive three 
minute recovery period was set between each throw 
to avoid cumulative muscular fatigue. The order in 
which the discs were tested was randomized. The 
five best throws performed with the STD and LGT 
discus were retained for analysis, allowing one bad/
adjustment throw per condition. These throws were 
higher than 80% of the athletes’ personal best per-
formance distance. The measured distance of the 
discus throw was calculated by using the release 
speed, height and angle of the discus according to 
the method described by Chow and Mondock.23

Video recording and motion analysis
Each throw was recorded using three digitals camcord-
ers (Panasonic AG-455, 60 Hz). These camcorders were 
located behind the throwing area and on both sides of 
the discus release area with a 120° angle between each 
camcorder. The camcorders were placed 3m from the 
centre of the discus release area. A calibration frame 

The surface EMG (sEMG) activity was recorded 
using bipolar self-adhesive surface electrodes (Blue 
Sensor M-OO-S Medicotest, France). These pairs 
of 1g-AgCl pre-gelled electrodes (center-to-center 
inter-electrode distance of 2 cm) were applied on 
the palpated belly of the six muscles in parallel with 
the muscle fibres at the midportion of each muscle 
according to Seniam recommendations.15 In order to 
reduce impedance (<5kΩ) at the interface between 
the skin and the surface electrodes, the participant’s 
skin was prepared by removing hair from the tested 
area, followed by light skin abrasion and alcohol 
cleaning. The electrodes were secured with surgical 
tape and cloth wrap to minimize disruption during 
movement. 

Surface electromyography normalizing 
procedure
Prior to sEMG recordings, participants performed 
a 15min discus throwing specific warm-up under 
supervision of the national coach. sEMG signals 
during maximal voluntary isometric contractions 
(MVIC) were then collected as reference for normal-
ization procedure.16,17 To determine the maximum 
sEMG signal for the six muscles of the shoulder 
and arm regions, three isometric contractions were 
performed and maintained for three to five sec-
onds.18 Prior to the three maximal attempts, the 
athletes were familiarized with the procedure and 
asked to produce a series of submaximal and gradu-
ally increasing contractions. The MVIC were then 
performed according to the procedure described 
by Knudson and Blackwell19 and recently used by 
Henning et al. 20 in softball players. Two sport physi-
ologists administered the resistance by manual exer-
tion while a third assistant helped them by fixing 
the proximal body segment. Participants were then 
instructed to produce a maximal effort in opposition 
to the external resistance. Manual muscle testing 
was performed as follows: for DA and PM, partici-
pant stood, arm extended and in 90° abduction in 
the frontal plane and 30° anterior flexion in the sag-
ittal plane, thumb oriented upward. The investiga-
tors applied a backward force onto the wrist in the 
antero-posterior axis. For BB, participant stood, arm 
along the body with 60° of elbow flexion in the sagit-
tal plane with the forearm in supination. The investi-
gators applied a downward resistance onto the wrist 
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were then normalized by the duration (%EMGt) of 
each phase to analyze the temporal activation level 
between the different phases of the throw. Finally, 
the mean of the moving averaged envelope was nor-
malized by the sEMG value recorded during MVIC 
(%sEMGmax) in order to compare the activation 
level of the different muscles.19

Statistical analysis
For each phase of the discus throw, the distribution 
of each variable was tested using asymmetry and 
kurtosis coefficients. A two-way (discus mass x time) 
ANOVA test for repeated measurements was used 
to analyse the impact of the discus mass on EMG 
(%EMGt and %EMGmax), kinematic values (VCoM) 
and discus speed during the five phases of the discus 
throw. When a significant difference was observed, a 
Newman-Keuls post-hoc test was applied. The level 
of significance was set at p < 0.05.

RESULTS

Comparison of the temporal muscle 
activation between discs
The muscle activation patterns (EMGt) of the shoul-
der-arm region of the throwing arm are displayed 
in Figure 2. Overall, the temporal analysis of sEMG 
signals revealed a similar activation pattern with the 
STD and LGT discs during the discus throw. Three 
muscle activation periods were detected; the first at 
the initiation of the movement (phases P1-P2) dur-
ing which the trapezius medialis, deltoideus media-
lis and latissimus dorsi were activated; the second 
situated in the middle of the throw (P2-P3) with the 
activation of the latissimus dorsi; the third at the end 
of the throw (P4-P5) with the activation of the biceps 
brachii, deltoideus anterior, pectoralis major, trape-
zius medialis and latissimus dorsi. 

Only the latissimus dorsi presented a different (p 
<.01) temporal activation pattern between STD 
and LGT discs. The end of the first sEMG activation 
period during the first phases of the throw (P1-P2) 
occurred later with the LGT discus (36.5 ± 12.0% of 
the total duration of the entire throw) compared to 
STD (30.9 ± 6.6%). The initiation of the last sEMG 
activation period (in P4) occurred later with the 
LGT discus (80.0 ± 8.1%) compared to STD (72.3 ± 
6.1%). No difference was observed for the temporal 

(2m x 2.5m x 2m) with 12 calibration points was set 
out on the throwing area and used for spatial refer-
ence.24 Each throw was recorded from the instant the 
athlete began his double support phase starting from 
the change in discus direction at the end of its back-
ward swing until the end of the delivery phase. Addi-
tionally, as described and depicted in Figure 1, each 
throw was divided into five phases for a precise sEMG 
and motion analysis during the entire throw: P1: prep-
aration phase, P2: entry phase, P3: airborne phase, 
P4: transition phase, P5: delivery phase.2 Seventeen 
reflective markers were identified on the thrower’s 
right and left sides: the toes, the lateral malleolus, the 
lateral epicondyle, the iliac spine, the acromion, the 
radial epicondyle, the stylion, the 3rd metacarpal, the 
vertex of the head. One specific marker was placed 
on the discus geometrical centre. All markers were 
manually digitized using a video data acquisition sys-
tem (3D Vision, Biometrics SA, France®). Direct lin-
ear transformation method was used to calculate the 
markers’ position in space.25 Maximal error of the 
markers’ position,26 based on the length of the right 
forearm was 0.35cm. Data was filtered with a zero 
phase four-order Butterworth filter. Cut-off frequen-
cies were 12Hz.5 The marker’s positions associated 
with anthropometric data were used to determine the 
trajectory of the centre of mass (CoM) of the subject-
discus system. Each component of speed (VCoM) of 
the subject-discus system was computed. The discus 
absolute speed was computed during each phase and 
at release time according to Chow and Mondock.23 
The video data was synchronized with sEMG record-
ings during the entire protocol using the same A/D 
converter so that motion analysis, sEMG activity, dis-
cus speed and distance data were collected simultane-
ously during the entire protocol. 

Surface electromyography data processing
sEMG data was sampled at 1000Hz and stored on a 
wireless ME3000P8 muscle tester (Mega88 Electron-
ics Ltd, Kuopio, Finland). The data was band pass 
filtered (10-500Hz) before further analysis. The aver-
age envelope of rectified sEMG signal was computed 
with a 500ms moving windows for each phase of the 
entire throw. The onset and offset of muscle activa-
tion were detected by using a three standard devia-
tion (SD) threshold procedure.27 The mean sEMG 
value obtained from the moving averaged envelopes 
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delivery phase of throwing (Figure 3). The intensity 
of muscle activation was increased (p < .01) for the 
pectoralis major with the LGT discus (86.2 ± 40.3%) 
compared to STD (66.2 ± 26.9%). The intensity of 
muscle activation was reduced (p = .02) in P5 for 
the biceps brachii with LGT (50.4 ± 49.6%) com-
pared to STD (64.8 ± 77.9%). The intensity of acti-
vation of the deltoideus anterior, trapezius medialis, 
deltoideus medialis and latissimus dorsi was not sig-
nificantly altered between throwing conditions dur-
ing the whole movement.

Kinetic and performance variables
Mean discus speed (Figure 4) significantly increased 
(p = .04) only during the delivery phase (P5) and in 
greater proportion by using the LGT discus (20.62 
± 0.75 m.s-1) compared to STD (19.61 ± 0.57 m.s-1). 
The angle (36.4 ± 3.9 vs 36.0 ± 3.2° with STD and 
LGT respectively) and height (1.65 ± 1.2 vs 1.69 ± 
6.5 m with STD and LGT respectively) of the discus 
at release time were not impacted by the different 
discus masses (Table 1).

The mean distance covered by the discus after release 
(Table 1) was greater (p < .01) by using the LGT dis-
cus (43.1 ± 4.3 m) compared to STD (39.4 ± 3.4 m). 
The speed of the center of mass of the thrower-discus 
system was not significantly altered by the discus 
mass in all phases of the throw (Table 1).

DISCUSSION
The aim of the present study was to compare the 
EMG activation patterns of muscles from the arm-
shoulder region at different phases of the discus 
throw when using a STD and LGT discus. It was 
hypothesized that when performing throws with the 
LGT discus, the muscles of the throwing arm-shoul-
der region would display a lower EMG activation 
compared to throws performed with a STD discus. 
The study also aimed to investigate the potential 
alteration in motion kinetics of the discus-thrower 
system and performance variables. 

Differences in muscle temporal activation 
between discs 
The results from the current study indicate that the 
temporal activation pattern of muscles from the arm-
shoulder region were almost identical when using 

activation of the trapezius medialis, deltoideus 
medialis, latissimus dorsi, biceps brachii, pectoralis 
major and deltoideus anterior between both throw-
ing conditions (Figure 2). 

Comparison of the intensity of muscle 
activation between discs
Whatever the throwing condition (STD or LGT), the 
highest muscle activation (expressed as %EMGmax) 
was recorded for muscles mainly active at the end 
of the transition phase (P4) and during the deliv-
ery phase (P5). The biceps brachii displayed 92.9 ± 
27.1% of muscle activation in P4 and 64.8 ± 77.9% 
in P5, 84.6 ± 17.3% for the deltoideus anterior in P5 
and 66.2 ± 26.9% and 86.2 ± 40.3% for the pectora-
lis major in P4 and P5 respectively (Figure 3). The 
trapezius medialis, latissimus dorsi and deltoideus 
medialis were the most active muscles during the 
first phases (P1 to P3) of the throw. Maximal sEMG 
activation values were 53.8 ± 10.7% for the trapezius 
medialis, 42.0 ± 18.6% for the latissimus dorsi and 
35.8 ± 8.2% for the deltoideus medialis (Figure 3).

The intensity of muscle activation was differ-
ent between STD and LGT discs only during the 

Figure 2. Temporal muscle activation pattern (%EMGt) of 
muscles of the throwing arm-shoulder at different phases of 
the throw and with the different discs (STD vs LGT discus). 
Throwing phases are defi ned as: P1: preparation; P2: entry; 
P3: airborne; P4: transition; P5: delivery. Muscles are defi ned 
as: BB: biceps brachii; PM: pectoralis major; DA: deltoideus 
anterior; TM: trapezius medialis; DM: deltoideus medialis; 
LD: latissimus dorsi. The different discs are defi ned as: STD: 
standard discus; LGT, lighter discus. The yellow shapes indi-
cate a signifi cant difference (p<0.05) between throwing con-
ditions (STD vs LGT discus).
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phases of discus throwing was robust enough to 
resist to changes in discus mass in elite throwers, 
thus partly rejecting the initial hypothesis. Limit-
ing the variability of the kinematics and muscular 
pattern has been associated with a better efficiency 

the STD and LGT discus. Only the temporal activa-
tion of LD was significantly altered during the first 
(in P1-P2) and last activation periods (in P4-P5) with 
the LGT discus. This result suggests that the distri-
bution of muscle activation through the different 

Figure 3. Intensity of muscle activation (%EMGmax) during each throwing phase and for both conditions (STD vs LGT discus). 
P1: preparation phase, P2: entry phase, P3: airborne phase, P4: transition phase, P5: delivery phase. The different discs are 
defi ned as: STD: standard discus; LGT, lighter discus. * Signifi cant difference (p<0.05) between throwing conditions (STD vs LGT 
discus).
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in discus throw.5 The thrower may try to coordinate 
their own muscular contractions in order to use a 
motor program adapted to their skills.5,28 Besides, an 
understanding of muscles at work during the differ-
ent phases throughout the throwing cycle allows for 
a better assessment of the mechanical load imposed 
by the sport. As displayed in Figure 2, discus throw-
ing requires an almost constant muscle activation of 
stabilizer muscles (LD, DM, TM) during the whole 
movement. This specific muscle activation sequenc-
ing is suggested to be a prerequisite to stabilize and 
accompany the throwing arm towards the great-
est release speed with the optimal discus angle at 
release. It is also suggested that maintaining the 

discus height constant during the whole movement 
until the delivery phase reflects the ability of the 
best athletes to reproduce the same motor perfor-
mance to provide optimum conditions for delivery.4 
Because the current study is the first to report tem-
poral muscle activation in discus throwing, making 
comparisons with other studies is difficult, however, 
it is well known that the duration of the different 
throwing phases is very consistent at elite level.4,29 
The longest parts of the throw are reported to be the 
preparation phase (P1) and entry (P2) during which 
stabiliser muscles are the most activated. The entry 
phase is then followed by the airborne phase (P3) of 
very short duration in order to minimize the loss of 
discus speed (Figure 2). The goal of the thrower dur-
ing this phase is to initiate the separation of the hip 
axis over the shoulder axis and of the latter over the 
discus. As such, P3 marks the transition between the 
activation of stabiliser and effector muscles. This hip-
shoulder separation required to increase the discus 
speed is then mainly obtained during the transition 
phase (P4) during which the BB and PM muscles are 
activated. BB and PM muscles allow the horizontal 
adduction/forward swing of the throwing arm till the 
delivery phase (P5), while the DA and TM facilitate 
the opening of the release angle for delivery. 

Differences in intensity of muscle activation 
between discs 
The analysis of the intensity of muscle activation 
(expressed as percent of maximal activity during 
MVIC) provides more details on the understanding 
of the muscular solicitation required to perform in 
discus throw. The first finding is that using a lighter 
discus slightly modified the activity of PM and BB 
only during the delivery phase when they are the 
most activated to place the throwing arm in the best 
condition for discus release. The activity of PM was 
increased by 20% by using the LGT discus compared 
to STD, while the activity of BB was lowered by 15% 
with the LGT discus. Even though these results were 
significant it seems important to consider the large 
inter individual variability of EMG data (Figure 3). 
As such it can be hypothesised that the differences 
in EMG activity recorded between LGT and STD 
conditions might reflect normal muscular and bio-
mechanical adjustments of the athletes. This result 
is in agreement with Peng and Huang10 and the data 

Figure 4. Comparison of discus speeds between throwing 
conditions (STD vs LGT discus). P1: preparation phase, P2: 
entry phase, P3: airborne phase, P4: transition phase, P5: 
delivery phase. The different discs are defi ned as: STD: stan-
dard discus; LGT, lighter discus. * indicates a signifi cant dif-
ference (p <0.05) between throwing conditions (STD vs LGT 
discus).

Table 1. Comparison of kinetic and performance vari-
ables during the delivery phase (P5) of discus throws 
between the two throwing conditions (STD vs LGT discus).
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from Finanger’s doctoral thesis30 presented by Bar-
tlett4 where the variability of EMG activity was the 
greatest for the BB. 

Not surprisingly the highest muscle activity during 
the throw was recorded during the delivery phase 
which requires high forces and torques of muscles 
from the trunk and shoulder-arm region to propel 
and slightly open the arm forward. The PM, BB and 
DA all reached more than 80% of maximal EMG 
activity during the delivery phase with slight dif-
ferences between LGT and STD discs as discussed 
earlier. An increase in muscle activity during the 
delivery phase is paramount to accelerate the arm-
discus speed till delivery. As such, this phase could 
be described as an “acceleration phase” in reference 
to other throwing activities such as Javelin throw, 
volleyball serve, tennis serve, baseball batting, and 
softball pitching.17,31 In discus throwing, the PM, BB 
and DA can be considered as the most important 
“effector” muscles to help accelerate the arm and 
discus speed during this acceleration phase. Con-
sequently, even though these muscles are intermit-
tently active, their ballistic (forward swing) and high 
level of activation expose the throwing arm to a risk 
of overuse and injury. Muscle, tendon and ligamen-
tous injuries are the most common injuries with the 
shoulder being the most injured body part (70%) 
in athletic throwing activities including the discus 
throw, shot put, hammer throw and javelin throw.7 
In discus throw, high torques and axial loads placed 
across the glenohumeral joint can predispose to 
injury within the shoulder as well as further distal in 
the kinetic chain.9 The shoulder is also particularly 
placed in an “at risk” position during the delivery 
phase, that is, extreme horizontal abduction which 
may cause rupture or tears of tendons, ligaments 
and muscles of the rotator cuff.32 The pectoralis 
major can also be at risk of tears due to its hyperex-
tension during the delivery phase.33 

The LD, TM and DM presented a constant medium 
to high EMG intensity during the entire throw con-
firming their role of stabilizer muscles. More spe-
cifically, the LD presented the highest activity with 
EMG values ranging from 35 to 60% of EMGmax 
during the entire throw. These data show the great 
stress placed on the active stabilisation and control 
of body kinematics during the entire throw. As such, 

stabilizer muscles could also be exposed to exces-
sive fatigue and even overuse in discus throwing. 
In addition, weaker stabiliser muscles may fail to 
contain the shoulder joint and position of the throw-
ing arm, thus exposing the rotator cuff to excessive 
mechanical load to compensate for this. Conse-
quently, overuse, fatigue tendinitis, rotator cuff tear 
or impingement may occur.32 

Differences in motion kinetics and 
performance between discs
In addition to muscle activation levels, this study 
also investigated the motion kinetics and perfor-
mance variables between the discs tested. The 
results of the study confirm that the discus speed 
significantly increases during the delivery phase 
(P5) and in greater proportion when using the LGT 
discus. As demonstrated in previous publications, 
the majority of the horizontal and vertical speeds 
are obtained during the delivery phase.1,4 Between 
62% and 73% of the release speed of the discus 
could be generated during the delivery phase.4 
Better performances are also commonly associ-
ated with higher release speeds. Release speed is 
reported to be the most influential determinant of 
the distance of the throw and the emphasis in train-
ing should be brought on the attainment of a high 
discus speed at release. As suggested by the current 
results, using a lighter discus during training could 
serve this purpose by allowing for a greater accel-
eration of the throwing arm from the second dou-
ble support phase initiated at the beginning of P5 
(Figure 4). While non-significant, the speed of the 
center of mass in P5 was reduced by using the LGT 
discus which could contribute to the attainment of 
a greater acceleration of the throwing arm. Indeed, 
according to Susanka et al.,29 a rapid achievement of 
the double support position with a stable and open 
delivery stance would represent optimal conditions 
to reach maximal acceleration. Contrary to discus 
speed, the angle and height of the discus at release 
were not modified by the discus mass difference 
between throws. The majority of the studies have 
reported large variations in discus height between 
throwers which is largely dependent on the throw-
er’s height. With regards to the angle of the discus at 
release, optimal angles range from 35 to 44° which 
is in agreement with the current results.4 However 
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the release angle may be influenced by the physical 
and technical characteristics of the thrower and the 
wind conditions, head winds forcing the athletes to 
reduce the release angle whereas tails winds could 
increase the angle.4,6 In the end, discus speed, height 
and angle at release, should be optimized to maxi-
mize the discus spin and provide sufficient gyro-
scopic stability for a long trajectory. In the current 
study, the mean distance covered by the discus after 
release was greater by using the LGT discus (43.1 ± 
4.3 m) compared to STD (39.4 ± 3.4 m) confirming 
that increasing the release speed is likely the most 
important parameter for high performance in discus 
throw. 

Practical applications and limitations
These data provide new evidence of the sustained 
mechanical load applied on both stabilizer and 
effector muscles of the arm-shoulder region in dis-
cus throw. Using a lighter discus can add some vari-
ability in the sequencing and intensity of muscular 
activation mainly during the delivery phase, which 
is the most physically demanding phase for upper 
limbs. Whether this variability is sufficient to reduce 
the physical load on muscles and joints thus limiting 
the occurrence of injury remains to be confirmed 
with longitudinal intervention studies. Coaches and 
practitioners can use these data to enhance their 
knowledge of the discipline and implement more 
specificity in training for their athletes. These data 
can also help physicians and physiotherapists opti-
mize their rehabilitation protocols for injured ath-
letes. Injury prevention programs should also focus 
on the throwing phases with highest muscle activ-
ity. Although valuable sEMG and kinetic data were 
obtained during several discus throws performed 
by elite athletes in ecologically consistent condi-
tions, it is important to consider the limitations of 
the present results. MVIC of each muscle considered 
for analysis was obtained by using manual muscle 
testing. Although this method was chosen for its 
practicality in the context of elite sport, it might not 
reflect the exact maximal isometric force production 
capacity compared with an isometric ergometer. 
Recording sEMG data during a dynamic movement 
can generate artifacts in the signal due to high speed 
movements and movements between the muscles 
and the electrodes. Another limitation of the study 

is that the sEMG analysis was restricted to the main 
muscles of the shoulder-arm region activated dur-
ing the throw and deemed the most susceptible to 
injury.7 Future research should extend the analysis 
to more muscles (mainly of the rotator cuff region) 
and an examination of the mechanical load applied 
to the tendons during the throw. 

CONCLUSIONS
The results of the current study indicate differences 
in muscle activation of the arm-shoulder region 
between discus throws performed with a standard 
(2.0kg) and lighter (1.7kg) discus in elite throwers 
in ecologically consistent conditions. These changes 
in muscle activation likely reflect a higher variabil-
ity in muscle activation pattern of the throwing arm 
by using a lighter discus as no marked increase or 
decrease in muscle activation was noticed. Throw-
ing kinetics and performance were also altered by 
using a lighter discus as the discus speed increased 
at release as well as the throwing distance, confirm-
ing the importance of a high discus speed at release 
to attain high performance. The results also suggest 
that a lighter discus could be used during pre-com-
petitive training to add variability in muscle activa-
tion and thus limit the overload on certain muscles 
of the arm-shoulder region. Further research should 
focus on the potential of using lighter discs to reduce 
the mechanical load applied on the tendons of the 
shoulder-arm region and the potential relationship 
to injury prevention. 
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ABSTRACT
Background: Neural mobilization has been used to treat individuals with musculoskeletal and neuromuscular pathol-
ogies, but research on neural mobilization in sports rehabilitation is scarce. Furthermore, there have been no studies 
investigating the effects of neural gliding on sport performance.

Purpose/Hypothesis: The purpose of this study was to examine the differences between the acute effects of sciatic 
nerve gliding and lower extremity dynamic stretching exercises on hamstring flexibility and athletic performance. 

Study Design: A cross-sectional, quasi-experimental design with block assignment was used.

Methods: Twenty-seven (16 males, 11 females, age: 23.6 ± 2.65, height (m): 1.74 ± 0.12, weight (kg): 73.73 ± 16.09) 
healthy college students volunteered for the study. The neural gliding group had 14 subjects and the dynamic stretch-
ing group had 13 subjects. Participants performed a jogging or walking up stairs warm up at a self-selected pace prior 
to testing. Baseline data was obtained for each of the following measurements: bilateral hamstring flexibility using the 
active straight leg raise test measured by a digital inclinometer, vertical jump height, 20-yard shuttle run and 10 and 
20-yard dash sprint. The participants then performed one of the assigned five-minute stretching protocol, bilateral 
sciatic neural gliding or dynamic stretching of the lower extremities, followed by the post-test data collection of the 
same measures.

Results: There were no significant group by time interaction for any of the six measurements (2 x 2 repeated mea-
sures ANOVA). However, significant time differences, pre-test vs post-test for all participants as one group, for right 
hamstring length (p = .001), left hamstring length (p = .002) and vertical jump (p = .028) were observed. Post hoc 
paired t-tests found a significant increase between the pre and post-tests in right hamstring flexibility, (p = .011) in 
the dynamic stretching group and left hamstring flexibility of participants in the neural gliding condition, (p = .004). 
When analyzing the groups individually, pre-test vs post-test, a significant difference in vertical jump was not observed 
in either group. 

Conclusion: Similar improvement in hamstring flexibility with both dynamic stretching and neural gliding exercises 
without a negative effect on three sports performance tests was demonstrated. Therefore, athletic performance will 
not be negatively affected by a pre-participation warm-up which includes neural gliding, but more research is needed. 

Level Of Evidence: Level 3

Key Words: Athletic performance, dynamic stretching, Hamstring flexibility, movement system, neural gliding, 
stretching
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INTRODUCTION
Over the past decade, it has become evident that a 
pre-activity warm-up can directly influence perfor-
mance.1,2 Traditionally, a pre-activity warm-up has 
included low intensity aerobic exercise and some 
form of stretching, such as static or dynamic stretch-
ing.1 Warming up may affect muscle strength and 
power, athletic performance, joint range of motion 
(ROM), muscle flexibility, and likelihood of injury. 
Although results are mixed, the warm-up may 
improve joint ROM and muscle flexibility while hav-
ing a non-significant effect or a reduction in muscle 
strength and athletic performance.1 Furthermore, 
the effect of a warm-up on injury reduction is incon-
clusive.1 Therefore, it is crucial to implement effec-
tive methods of warming up to achieve the most 
desirable results and to prevent injuries. 

There is great inconsistency with regard to current 
warm-up routine parameters and accepted methods. 
Static stretching has been shown to produce acute 
effects resulting in either impaired performance or 
no change in performance at all.3,4 On the contrary, 
few negative effects of acute dynamic stretching 
on performance have been reported and dynamic 
stretching may in fact improve performance.3,4 
Hough et al. found a significant increase in vertical 
jump height following a dynamic stretching program 
as compared to static stretching in competitively 
active college-aged males.5 Similarly, military cadets 
who performed a dynamic warm-up performed sig-
nificantly better on agility and functional power 
assessments than cadets who performed static 
stretching or no warm-up at all.6 In a study specific 
to semi-professional male soccer players, Fletcher 
and Monte-Colombo found when players warmed 
up with dynamic stretching they had significantly 
better sprinting and agility times and higher vertical 
jump heights than when they performed a warm-up 
utilizing static stretching.7

Despite evidence on the potential detriments of 
acute static stretching, it is still a common practice 
for athletes to participate in a static stretching pro-
gram as a part of a warm-up on days of competi-
tion.6 In a study to determine the effects of a regular 
stretching program on lower extremity performance, 
Ross found that participating in a daily stretching 
routine and having a brief 10-minute delay between 

stretching and performance may reduce the negative 
effects of static stretching on performance.8 While 
the results of the study illustrate how to decrease 
the negative effects of static stretching, there was 
no definitive answer on whether long-term static 
stretching would enhance performance.

The volume of stretching prior to athletic perfor-
mance has not been well defined either, but it has been 
shown that there is a negative correlation between 
volume and performance with high volumes of static 
and dynamic stretching reducing performance.9,10,11 
Specifically, stretching durations of 60-90 seconds 
have been found to impair performance, while 30 
seconds of static stretching does not appear to influ-
ence performance.3 Performing static stretching 
for two minutes or longer has consistently showed 
a decrease in performance. Recent recommenda-
tions include limiting the amount of static stretch-
ing to less than one and a half minutes per session 
and to participate in long-term flexibility programs.3 
Furthermore, the evidence demonstrating stretching 
can aid in injury prevention is inconclusive or is not 
benefitial.12,13 However, there may be an alternative 
method of warming up, that does not include static 
or dynamic stretching, that can improve flexibility, 
performance, and decrease injury.

Over the past few decades, neural mobilization has 
been an emerging technique in the field of physical 
therapy as a treatment for musculoskeletal disorders 
with neural involvement.14,15,16 Neural mobilization 
is defined as manual therapy techniques or exercises 
that are utilized by healthcare professionals with the 
goal of affecting neural structures or their surround-
ing tissue.12,13 It has been proposed that neural mobi-
lization affects the movement of the nerve and the 
connective tissue that surrounds it, axoplasmic flow, 
and the vascular circulation of the nerve.14,15

Currently, two primary types of neural mobiliza-
tions are being empirically examined. These neural 
mobilizations are called neural gliding and neural 
tensioning. It has been proposed that the primary 
mechanism by which neural gliding acts is by pro-
moting excursion of peripheral nerves from increas-
ing the length of the nerve at one end of the nerve 
bed and increasing tension of the nerve at the other 
end of the nerve bed.16,17,18,19,20,21 On the other hand, 
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period of time.26 In addition, a case study examined 
the effects of neural mobilizations on an elite base-
ball player with posterior interosseous neuropathy. 
The researchers successfully used nerve glides to 
improve nerve mobility, in conjunction with other 
conservative interventions, and the patient demon-
strated a pain-free pitching motion 38 days following 
the initial visit.27 Last, Cox et al. described the used 
of nerve gliding and tensioning as part of a home 
exercise program to improve lower extremity neuro-
pathic pain and function in a collegiate long jumper 
after progress with a traditional rehabilitation pro-
gram including therapeutic ultrasound, stretching 
and strengthening exercises had plateaued.28 Further 
investigation is needed to compare neural mobiliza-
tions to other stretching techniques in order to deter-
mine whether neural mobility can directly improve 
sport performance while preventing injuries.

Currently, to the authors’ knowledge, no studies 
examining the acute effects of neural mobilization 
on athletic performance and injury prevention have 
been performed. Positive findings related to neural 
mobilization and flexibility validate the need for 
further research in this area.23,26 It has been shown 
that neural gliding and tensioning combined with 
static stretching is superior to static stretching alone 
in increasing knee extension angle.23 Other authors 
have reported similar results, finding increased 
hamstring flexibility in subjects receiving addi-
tional neural mobilization.25 Therefore, the pur-
pose of this study was to examine the differences 
between the acute effects of sciatic nerve gliding 
and lower extremity dynamic stretching exercises 
on hamstring flexibility and athletic performance. 
The hypothesis is that neural gliding will improve 
hamstring flexibility more than dynamic stretching, 
while not significantly affecting sport performance. 
If neural gliding can improve hamstring flexibility 
without negatively effecting performance, then fur-
ther investigation of the use of neural gliding as part 
of a dynamic warm-up to prevent athletic injures is 
warranted. 

METHODS
A 2 x 2 (treatment x time) quasi-experimental 
design with block assignment was used to compare 
the effects of neural mobilizations and dynamic 

it is hypothesized that neural tensioning produce 
excursion of peripheral nerves by the combination 
of joint movements that lengthen the nerve bed 
from not just one, but both ends of the nerve.16,17,20,21 
Though the exact underlying mechanism of the 
effects of neural mobilization has yet to be targeted, 
these techniques have potential to cause improve-
ments in ROM and flexibility in pathological and 
health populations. 

Neural mobilization can effectively increase flex-
ibility and function in the lower extremities.22,23,24,25 
A study by Hyun-Kyu et al. involving patients with 
post-stroke hemiparesis compared the outcomes of a 
group receiving only conventional physical therapy 
to a group receiving the same conventional methods 
coupled with sciatic nerve mobilization. The nerve 
mobilization group showed a significant increase in 
knee ROM and functional balance test scores com-
pared to the control group.22 Sharma et al. examined 
whether neural gliding or tensioning techniques as 
an adjunct to static stretching were more effective 
than static stretching alone in increasing hamstring 
flexibility in a healthy population.23 The results 
yielded greater improvements in flexibility of the 
groups receiving the additional neural mobiliza-
tion techniques.23 Furthermore, neural gliding was 
found superior to passive static hamstring stretch-
ing in improving acute hamstring flexibility in 
individuals with short hamstring syndrome.24 Castel-
lote-Caballero et al. measured the effects of neuro-
dynamic gliding techniques on hamstring flexibility 
in healthy male soccer players, ranging in age from 
19-22.25 Subjects were randomly assigned to neuro-
dynamic gliding or no intervention control groups. 
The neurodynamic intervention group showed sig-
nificant increases in hamstring flexibility compared 
to the control group after one week.25

The literature examining the effects of neural mobi-
lization on sports performance is lacking. However, 
some studies have investigated the use of neural 
mobilization following sports injuries. One com-
parative study examined the effect of the slump 
stretch on rehabilitation time in Australian football 
players who had sustained a grade one hamstring 
strain.26 The study found that athletes who com-
pleted the traditional treatment in conjunction with 
neural mobilizations returned to play in a shorter 
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been shown to have excellent intra-rater reliability.29 
Each leg was tested three times and the average of 
the three trials was used in the analysis. 

The countermovement vertical jump test was 
employed to estimate lower limb power. In this 
study, force plates (AMTI, Watertown, MA USA) 
were used to determine the flight time during a 
jump and the equation 1/8(g*t2) where g is grav-
ity (9.81 m*sec-2) and t is flight time was utilized.9 
Participants were instructed to complete a counter-
movement jump while using their arms. They were 
told to begin the jump with their arms at their side. 
Participants then prepared for the jump by bending 
their knees, which was followed by swinging their 
arms to generate energy and momentum.30 Each 
participant completed three jumps with a 30 second 
recovery between trials and the average was used 
for analysis. This protocol was selected because it 
has been successfully implemented in previous 
studies and has been proposed to isolate the lower 
extremity power musculature.30,31

The 20-yard shuttle run (5-10-5 yards) tested the par-
ticipant’s speed and ability to quickly change direc-
tions. The method used in this study was similar to 
the protocol listed by Nikolenko et al.32 To begin, 
participants stated in a three-point stance and ran 
toward a marker five yards to their left. After reach-
ing this marker, they ran to the other maker that was 
10 yards to their right. Finally, they then ran back to 
the starting point. The time was initiated with the 
first movement and ended when the starting line 
was crossed. Time was measured by a handheld 
stopwatch (Cronus, San Jose, CA) and the fastest of 
two trials was used for analysis. Excellent inter-rater 
and test-retest reliability has been found when using 
a handheld stopwatch to measure the 20-yard shut-
tle run.33 Participants had a two-minute rest between 
each trial. 

The 10- and 20-yard dash tests were used as a mea-
sure of speed and the protocol was similar to the 
40-yard sprint test described by Nikolenko et al.32 To 
reduce the effect of climatic conditions, the sprints 
were performed indoors on a concrete surface. Par-
ticipants in each group performed two timed 20-yard 
sprints with the best time being used for analysis. A 
laser timing system (Zybek Sports, Broomfield, CO 

stretching on flexibility and sports performance. 
The independent variables included a treatment 
condition (neural gliding versus dynamic stretching) 
and test condition (pre-test or post-test). The depen-
dent variables were: 1) bilateral hamstring flexibility 
2) vertical jump height 3) 20 yd (18.29 m) shuttle 
run 4) 10 yd (9.15 m) sprint time 4) 20 yd (18.29 m) 
sprint time.

Twenty-seven healthy volunteers (16 males, 11 
females, age 23.6 ± 2.65, height (m): 1.74 ± 0.12, 
weight (kg): 73.7 ± 16.1) were recruited from the 
University of South Alabama and provided informed 
consent prior to their participation in the study. The 
participants were assigned into the two different 
groups, dynamic stretching or neural gliding. Volun-
teers who had sustained an injury in the prior six 
months to the lumbar region or either lower extrem-
ity, which required medical attention or limited 
their activity level for more than three days, were 
excluded from this study. Participants included in 
this study regularly exercised at least once a week 
for 30 minutes.

Procedures
After having completed the orientation process and 
providing informed consent, the participants began 
with a two to five-minute submaximal warm-up 
where they ascended and descended stairs at their 
preferred pace, and either jogging or walking. Next, 
the baseline data (pre-test), hamstring flexibility, 
vertical jump height, shuttle run, and 10 and 20-yd 
sprint times were measured. The order of the pre-
tests was randomized and the same order was used 
for the post-tests. 

To assess hamstring flexibility an active straight leg 
raise test was performed using a protocol similar to 
the protocol described by Davis et al.29 While lying 
supine, the participant was instructed to flex the hip 
as far as possible with the knee in full extension. 
The opposite hip remained in a neutral position rest-
ing on the plinth for the duration of the assessment. 
A digital inclinometer (Saunders, Elmira, NY) was 
placed at the distal end of the tibia, and the angle of 
the tibia in relation to the vertical was measured.29 
The test was stopped and repeated if the testing 
knee flexed or the opposite hip flexed, internally or 
externally rotated more than 5°. This method has 
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stretches preformed were previously described 
by Yamaguchi and Ishii.34 The participants per-
formed the stretch while standing and contracted 
and relaxed the antagonist muscle every two sec-
onds, and as a result, stretched the targeted muscle. 
The participants were instructed to perform each 
dynamic stretch five times slowly, and then 10 times 
as quickly as possible without bouncing. Partici-
pants performed the stretch on the opposite lower 
extremity and then continued with the next stretch. 
Participants were allowed to breaks as needed. Mus-
cles were stretched in this order: plantar flexors, 
hip extensors, hamstrings, hip flexors, quadriceps 
femoris.1,5,34 Procedures for dynamic stretches are 
described in Table 1 and shown in Figure 2. 

Following the exercises and after a two-minute break, 
both test groups performed a final assessment to 
assess bilateral hamstring flexibility, vertical jump, 
10 and 20-yd sprint times, and 20-yard shuttle run 
using the same protocol performed in the pre-test. 

Statistical Analysis 
A two-by-two (treatment x time) repeated measures 
analysis of variance was used to determine if signifi-
cant interactions or main effect were present. Sig-
nificant main effects were analyzed using post-hoc 
t-tests with Bonferroini adjustments. The level of 
significance was set at p ≤ 0.05.

USA) was used to measure sprint time at 10 and 20 
yards. The participants had a two-minute recovery 
between trials. 

Following the pre-test and following five-minutes of 
rest which included verbal instructions and demon-
stration of the intervention they would perform, par-
ticipants performed specific exercises, either neural 
gliding of the sciatic nerve or dynamic stretches, 
based on their assigned group. 

Participants in the neural gliding group were 
instructed to sit on the edge of the plinth and main-
tain their spine in thoracic flexion, or a slumped 
position. Each person began the neural gliding tech-
nique with the cervical spine and knee in a flexed 
position, and the ankle in plantar flexion (Figure 
1a). The participant would then extend the knee 
while moving into cervical extension and ankle dor-
siflexion (Figure 1b). These active movements were 
alternated for a duration of 60 seconds with the end 
of motions held for two seconds. Two repetitions 
were performed on each leg. Breaks were observed 
as needed between repetitions. Afterwards, the par-
ticipant performed the same protocol with the oppo-
site lower extremity. 

For the dynamic stretching protocol, the subjects 
contracted the antagonist of the targeted muscle 
in order to stretch the muscle.1,5,34 The dynamic 

Figure 1. Sciatic Neural Gliding Technique. 1a. Starting position 1b. Ending position.
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Although significant interactions were not identified, 
significant time main effects for right hamstring length, 
Table 3, F (1, 13.0), p = .001, left hamstring length F (1, 
12.2), p = .002, and vertical jump F (1, 5.46), p = .028 

RESULTS
Descriptive data are displayed in Table 2. There were 
no significant group by test interactions in any of the 
athletic performance tests, as displayed in Table 3. 

Table 1. Description of Dynamic Stretches.

Figure 2. Dynamic Stretches
A. Starting positions B. Ending positions for each: 1. Plantar Flexors 2. Gluteus Maximus 3. Hamstrings 4. Hip fl exors 5. Quad-
riceps
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purpose of the study was to compare the acute 
effects of sciatic nerve gliding and dynamic stretch-
ing on hamstring flexibility and measures related 
to athletic performance. Although there were not 
any significant differences in outcomes between 
groups, the results partially supported the hypoth-
esis as sciatic neural gliding did not have a negative 
acute effect on the performance of the athletic mea-
surements. Furthermore, left hamstring flexibility 
measured by the active SLR test improved by 3.3° 
and right hamstring flexibility increased by 2.3°in 
the neural dynamic group which was similar to the 
dynamic stretching group.

 The change in hamstring flexibility observed in 
these participants in the neural gliding group was 
less than other studies that performed the interven-
tion for a longer period of time.23,24,25 Castellote-Cabal-
lero et al. found a significantly improved hamstring 
flexibility, compared to a control group, following 
three treatments of sciatic neural stretching over a 

were observed. There was not a significant time main 
effects for the shuttle run, 10-yard or the 20-yard sprint. 

Post hoc paired t-tests found that the significant 
increase in right hamstring flexibility, t (12) = -3.023, 
p = .011 occurred in participants in the dynamic 
stretching condition and left hamstring flexibility 
of participants occurred in the neural gliding condi-
tion, t (13) = -3.434, p = .004. However, a significant 
change in left hamstring length of the participants in 
the dynamic stretching condition was not observed, 
t (12) = -1.75, p = 106, or right hamstring flexibil-
ity of the neural gliding group, t (13) = -2.071, p = 
.059. There was no significant change in the vertical 
jump between the pre and post-tests for either the 
dynamic stretching group, t (12) = 1.621, p = .131, 
or the neural gliding group, t (13) = 1.847, p = .088. 

DISCUSSION 
Little to no research exists on the effects of neu-
ral gliding on athletic performance. Therefore, the 

Table 2. Descriptives (Mean ± SD) and comparisons between groups for pre- and 
post-test variables.

Table 3. Time/Group Interactions and Time Main Effects for Each Test. 
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one week period in health young male soccer play-
ers.25 The neural gliding group increased their pas-
sive SLR test by an average of 9.3°, which is much 
greater than the findings of this study. A subsequent 
larger study also performed by Castellote-Caballero 
et al. found that neurodynamic gliding was superior 
to static stretching in increasing hamstring flexibil-
ity by 9.86° compared to by 5.50°, in subjects with 
short hamstring syndrome.24 The differences in 
results between studies may be due to the increase 
in frequency of the intervention, active versus pas-
sive SLR measurements and testing a specific group 
of participants, male soccer players and individuals 
with short hamstring syndrome. 

The results of this study revealed similar findings 
between the neural gilding and dynamic stretching 
group when measuring hamstring flexibility, even 
with several factors considered unique to the neural 
gliding protocol. Compared to the dynamic stretch-
ing protocol which targeted several muscle of the 
lower extremity, neural gliding more specifically tar-
geted the posterior lower extremity muscles and as 
well as the neural structures of the lower quarter.23 

This study did not find a significant change in per-
formance of the vertical jump, the 10- and 20-yard 
sprints or the shuttle run immediately following 
dynamic stretching or the neural gliding exercises. 
Although previous studies have found that a dynamic 
stretching warm-up can significantly improve ath-
letic performance compared to static stretching 
and no stretching at all,5,6,7 this study found a slight 
decrease in vertical jump height and non-significant 
improvements in 10 and 20-yard sprint times and 
the shuttle run in the dynamic stretching group. 
The neural gliding group demonstrated a slight non-
significant decline in vertical jump height, 10- and 
20-yard sprint times and a small improvement in 
the shuttle run, but all were not clinically meaning-
ful. Physiological factors related to muscle fibers 
and motor units could be partly responsible for why 
there was no significant in athletic performance in 
the neural gliding group, which has been a hypoth-
esized when athletic performance was improved 
with dynamic stretching.10,11 Neural gliding may not 
have an effect on the number and order of motor 
units recruited for a particular task. It also may not 
have a direct influence on the amplitude of muscle 

contraction, which is an indicator of performance 
levels.

There are a few limitations to the study, including 
performing pre and post-test measurements on the 
same day. Lack of significant improvements in per-
formance could have been due to fatigue following 
the completion of several bouts of near maximal 
activity during testing for 30 or more minutes. Rest 
breaks were provided, testing order was randomized 
and participants were given the option to begin test-
ing when they were ready and felt fully recovered. 
There were occasions when participants were not 
tested in pairs; thus, decreased performance may 
have been caused by lack of motivation, since they 
did not have a testing companion. The study was 
conducted indoors on concrete flooring, with the 
exception of the vertical jump, in order to account 
for any weather changes including windy condi-
tions. The location allowed for consistent environ-
mental factors, and easy transitions from test to test. 
This insured that the acute effects were not lost 
due to time gaps. However, lack of friction of the 
floors could have negatively impacted performance 
on 10-yard sprint, 20-yard sprint, and shuttle run. 
Lack of friction was especially noted in the shuttle 
run test, but all participants were tested on the same 
surface. To accommodate for this issue, a wet towel 
was used to clean the floor and the bottoms of the 
participants’ shoes to remove dirt and other debris 
which may decrease friction. This is similar to what 
is performed during breaks of volleyball and basket-
ball games. Therefore, the best score, rather than the 
average, was used for analysis of the shuttle run and 
the sprints. For future studies, testing subjects on a 
track or court with proper footwear may improve 
friction. For this study, healthy college students were 
recruited; therefore, these results can only be appli-
cable to a young, healthy population. Last, there was 
not a standard movement speed in which the neural 
gliding exercise was performed, future studies could 
use a metronome to help decrease variability when 
performing the intervention. 

There are several future studies that could be con-
ducted to fully understand the effect of neural glid-
ing. A future study could compare neural gliding 
to neural tensioning and their subsequent effects 
on hamstring flexibility and athletic performance. 
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Neural tensioning is a more intense intervention 
that could potentially provide larger changes in 
hamstring length, but could also have a negative 
effect on performance if the nerve is irritated. Fur-
thermore, a study investigating the effects of neural 
mobilization on specific athletes using sport specific 
tests and measures would be beneficial to determin-
ing if neural mobilizations should be incorporated 
into a team’s warm up. If neural mobilization tech-
niques are included in a pre-event warm-up then 
eventually studies should be performed to deter-
mine if neural mobilization can decrease athletic 
injuries, such as hamstring strains. 

CONCLUSIONS 
The purpose of this study was to determine the dif-
ferences between neural gliding of the sciatic nerve 
and dynamic stretching of the lower extremities on 
hamstring flexibility and athletic performance in 
healthy, physically active, college aged males and 
females. The results of the study indicate that nei-
ther neural gliding or dynamic stretching had a sig-
nificant effect on hamstring flexibility or athletic 
performance. Therefore, acute neural gliding did 
not impair athletic performance and  it may be ben-
eficial to utilize neural gliding of the sciatic nerve 
as part of a pre-event warm-up, but much more 
research is needed.
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ABSTRACT
Purpose/Background: There is little information to support the use of clinical tests to assess for microinstability of 
the hip joint. The purpose of this study was to use a string model to describe and compare length changes of the 
iliofemoral ligament in the test positions commonly used to assess hip ligament laxity.

Methods: Twelve hip joints from nine cadavers (4 male; 5 female) with lifespans of 57-84 years of age were studied. 
A string model representing the medial and lateral arms of the iliofemoral ligament was secured to the proximal and 
distal attachment points. The amount of length change of the string model was compared in four test positions: 
1) external rotation, 2) hyperextension-external rotation 3) abduction-extension-external rotation, and 4) adduction- 
extension-external rotation.

Results: For the medial arm, the greatest change occurred in the adduction-extension-external rotation position 
(12.7mm). This was significantly greater than the external rotation (5.1mm; p=0.002) and abduction-extension-exter-
nal rotation position (1.9mm; p<0.001). The lateral arm also had the greatest excursion in the adduction-extension-
external rotation position (16.6mm). This length change was significantly greater than the external rotation position 
(8.6mm; p=0.002), the hyperextension-external rotation (11.1mm; p=0.047), and the abduction-extension-external 
rotation position (5.6mm; p<0.001). 

Conclusions: Tests used for hip instability cause various levels of tension through the iliofemoral ligament. The com-
bination of hip extension and external rotation increased the length change of string model and was maximized with 
hip adduction. The least amount of change occurred with the addition of hip abduction to extension and external 
rotation. 

Clinical Relevance: Clinicians may use the information to help interpret tests for instability of the hip and may con-
sider the combined position of hip extension, external rotation, and adduction to elucidate involvement of the ilio-
femoral femoral ligament. 

Level of Evidence: 2b; Exploratory cohort study with good reference standards

Key words: hip, instability, ligament, special tests, validity
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INTRODUCTION
Hip microinstability is defined as extra-physiologic 
motion between the femoral head and acetabulum that 
may cause pain originating from labral and cartilage 
damage, with or without symptoms of instability.1-4 
The cause of microinstability can be multifactorial 
and often results from a contribution of boney abnor-
malities such as dysplasia,5 poor muscle function, 
and/or laxity of the ligaments and capsule.2,4,6-8 Laxity 
of the capsuloligamentous structures can be part of 
a genetic disorder such as Ehlers-Danlos Syndrome9 
or may be acquired through repetitive motions of the 
hip joint. The most common mechanism of injury 
is forced external rotation with axial loading that 
causes atraumatic anterior focal rotational microin-
stability.10-12 Microinstability is a recognized source 
of hip pain and disability in athletes that participate 
in sports that require repetitive and forceful move-
ments beyond their available range of motion.1-4 This 
injury pattern most commonly occurs in sports such 
as ballet, skating, gymnastics, baseball, and golf.10,12,13 

The importance of a thorough clinical examination 
in the diagnostic process of those with non-arthritic 

hip pain, including microinstability has been empha-
sized.14-18 The diagnosis of hip microinstability is typi-
cally based on patient history, physical examination 
and radiographic evaluation.1,3,4,10 However, there is 
little information to support the use of clinical tests 
to assess for microinstability, specifically for patients 
with suspected anterior focal rotational microinsta-
bility from iliofemoral ligament laxity.1 Since forced 
repetitive external rotation is known to cause injury 
to the iliofemoral ligament,6,11 most tests for micro-
instability of the hip joint stress the hip in positions 
of end range external rotation. These include the 
following special tests to assess anterior hip liga-
mentous laxity: 1) log roll/dial test (external rota-
tion in neutral),1,3 2) prone instability test (external 
rotation in neutral),3,19,20 3) anterior apprehension/
hyperextension-external rotation (HEER) test,3,20 and 
4) abduction-extension-external rotation (AB-HEER) 
test.3,20 Table 1 and Figures 1-4 describe these tests. 
Hoppe at el.20 found the prone instability, HEER, and 
AB-HEER to be valuable in diagnosing hip micro-
instability using arthroscopy as the gold standard. 
The authors noted that further studies are needed to 
validate these clinical tests.20 Because of the limited 

Table 1. Test positions for anterior focal rotational microinstability.
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information available on the tests used to diagnose 
microinstability, there is a need to validate the best 
test position to assess for iliofemoral ligament laxity. 

The iliofemoral ligament is shaped like an inverted 
Y and distally splits into medial and lateral arms. 
The medial arm passes downward in a near vertical 
direction to insert on the anterior femur at the level 
of the lesser trochanter. The lateral arm crosses the 
joint obliquely with a horizontal orientation and 
inserts on the crest of the greater trochanteric, just 
above the intertrochanteric line.10 The iliofemoral 
ligament is felt to limit external rotation in flexion 
and both internal and external rotation in exten-
sion.10 A study of intact ligaments found increased 
strain on the lateral arm with maximal external rota-
tion in adduction and increased strain on the medial 
arm with external rotation in extension.21 The posi-
tions to assess for ligament laxity have included hip 
extension and external rotation with and without 

Figure 1. Log Roll/Dial test. Supine; Passive hip external 
rotation to end range with over pressure.

Figure 2. Prone Instability test. Prone; passive external rota-
tion while the examiner applies an anteriorly directed force 
on the trochanter.

Figure 3. Hyperextension external rotation (HEER)/Ante-
rior Apprehension test. Supine at the end of table with affected 
leg hanging off and unaffected knee toward chest; passive hip 
extension and external rotation.
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12 hip joints from nine embalmed cadavers (4 male; 
5 female) with lifespans of 57-84 years of age were 
studied for the purpose of this study. Complete dis-
section of the cadavers was performed to remove all 
muscular and soft tissue attachments on the femur, 
leaving only the capsule and capsular ligaments 
intact. Fibers of the iliofemoral ligament were iden-
tified and dissected to isolate the proximal attach-
ment point of the ligament, inferior to the anterior 
inferior iliac spine, and the distal attachments of the 
medial and lateral arms of the iliofemoral ligament 
along the intertrochanteric line. The mid-point 
of the proximal and distal attachments of the ilio-
femoral ligament the were marked with an 1/8 inch 
eyelet screw. Once the markings of the iliofemo-
ral ligament were complete and the eyelet screws 
placed, the capsule was vented in a vertical direc-
tion for about 1 cm and spaced 1 cm apart along the 
periphery of the femoral neck.

abduction.1,3,19,20 However, considering the orienta-
tion of the iliofemoral ligament fibers in relation 
to hip joint axis, a position with extension, external 
rotation and adduction may be the best position to 
asses for iliofemoral ligament laxity (Figure 5). 

The purpose of this study was to use a string model 
to describe and compare length changes of the ilio-
femoral ligament in the test positions commonly 
used to assess hip ligament laxity. It was hypothe-
sized that the combined position of hip external rota-
tion, extension, and adduction would produce the 
greatest length change of the medial and the lateral 
arms of the iliofemoral ligament when compared to 
the following hip positions: 1) external rotation, 2) 
external rotation and extension, and 3) external rota-
tion, extension, and abduction. 

METHODS

Cadaver Preparation
An ethics board for the study of human cadavers 
granted permission to perform the study. A total of 

Figure 4. Abduction hyperextension external rotation (AB-
HEER) test. Side lying on unaffected hip; Passive hip abduc-
tion to 30°, extension 10° and external rotation to end range 
while an anteriorly directed force applied to trochanter. Figure 5. Adduction hyperextension external rotation (AD-

HEER) test. Side lying on unaffected hip;Passive hip adduc-
tion to 20°, extension 10° and external rotation to end range.
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secured perpendicular to the edge of table edge with 
two large C-clamps as shown in Figure 7.

The hip joint was then positioned in neutral align-
ment in all the cardinal planes. This was confirmed 
using a bubble inclinometer and a standard goniom-
eter. A long clamp that extended from the board was 
used to maintain the hip in neutral alignment of the 
sagittal plane during testing.

Test Positions
Four distinct test positions were analyzed for this 
study. The first position reproduced the position 
for the prone instability, dial, and log roll tests.1,3,19,20 
The hip was held in neutral abduction/adduction 
and flexion/extension and then laterally rotated to 
45°. The second position recreated the hyperexten-
sion external rotation test (HEER test).3,20 The HEER 
test placed the hip joint in 10° of hip extension (con-
firmed with the goniometer), neutral abduction/
adduction and lateral rotation to 45° (confirmed with 

String Model Set-up
A string model was then constructed that connected 
the medial and lateral distal attachment points to 
the eyelet screw at the proximal attachment point 
(Figure 6). The pelvis was then secured to a 2x10x24 
inch board with two 6-inch lag screws so that the 
face of the board rested snuggly against the ante-
rior superior iliac spines. This provided a reference 
from which the pelvis was securely affixed in a neu-
tral position (neutral pelvic tilt, obliquity, and rota-
tion). Additional eyelet screws were added to the 
end of the board so that the remaining length of the 
strings could freely move through the opening of the 
screws. To allow for consistent tension on the string 
when moving the hip joint, two 6-inch hemostats, 
weighing 11g each, were hung from the ends of the 
strings (Figure 7).

The specimen was then placed in a sidelying posi-
tion with the side to be tested closest to the ceiling. 
The board that was affixed to the pelvis was then 

Figure 6. Set-up of the string model following the arms of 
the iliofemoral ligament.

Figure 7. The specimen is placed in a side lying position, 
secured to a wood plank that is attached to the table.



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 618

extension and the bubble inclinometer for rotation 
and adduction/abduction. A third investigator used 
an electronic caliper to measure the amount of dis-
tance the string moved of through the proximal eye-
let screw. The distance from initial marking to the 
finished test position was recorded. Each test posi-
tion was repeated a total of three times. Between 
each trial, the hip was returned to the neutral posi-
tion for 20 seconds before returning to the test posi-
tion. The average of the three trials was used to 
determine the change in length from neutral to each 
test position for each respective test. 

Measures of boney morphology that included femo-
ral version, acetabular version, and femoral inclina-
tion were recorded for each specimen. The version 
and inclination angles were measured using a stan-
dard 12-inch goniometer (Baseline® Goniometer, 
Fabrication Enterprises Inc., White Plains, NY) to 
describe the orientation of the acetabulum and prox-
imal aspect of the femur. Acetabular version was 
determined by the angle formed by the sagittal plane 
and a line formed by connecting the midpoint of the 
anterior and the posterior acetabular rim. Femoral 
version was determined as the angle formed by a 
line bisecting the femoral head/neck and a line par-
allel to the posterior aspect of the femoral condyles. 
Femoral inclination was determined as the angle 
between a line bisecting the femoral neck relative to 
a line bisecting the femoral shaft. 

Statistical Methods
All data were analyzed using SPSS 24 (IBM, Chicago). 
Descriptive statistics (mean, standard deviation, and 
range) of the age of the cadaver, femoral version, 
acetabular version, and femoral inclination were 
computed. An intraclass correlation coefficient (ICC) 
was performed to determine the retest reliability of 
the length change of the string model between trials. 
A one-way analysis of variance (ANOVA) with an a 
priori alpha set at 0.05 compared change of length of 
the string model in the four respective test positions 
for each arm of the iliofemoral ligament. Tukey’s poc 
hoc analysis was performed to determine the indi-
vidual differences between the test positions. 

RESULTS
Descriptive statistics of the version and inclination 
angles of the femur and acetabulum are presented 

bubble inclinometer). The third position recreated 
the abduction hyperextension external rotation (AB-
HEER) test.3,20 This test position (Figure 8) combined 
10° of extension, 45° external rotation and 30° of hip 
abduction (confirmed with bubble inclinometer). 
The final test position of hip extension, external rota-
tion, and adduction was chosen to recreate a posi-
tion previously reported to increase tension on the 
iliofemoral ligament.21 This position combined 10° 
extension, 45° external rotation, and 20° adduction. 

Data Collection 
The strings representing the iliofemoral ligament 
were marked while the cadaver was maintained in 
neutral alignment in all three cardinal planes. This 
served as the reference point from which a change 
in length could be determined. The hip was then 
moved into the first test position by one of the 
researchers. A second researcher confirmed the hip 
position with the standard goniometer for flexion/

Figure 8. Positioning of the cadaver for the abduction hyper-
extension external rotation (AB-HEER) test.
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adduction, as with the AD-HEER test, produced the 
greatest length change in both medial and lateral 
arms of the iliofemoral ligament when compared to 
the position of the hip joint when performing the 
prone instability, dial, log roll, HEER, or AB-HEER 
tests.1,3,19,20 

in Table 2. The ICC performed to assess test-retest 
reliability of the length change computed for each 
of the positions used in the current study was excel-
lent, r=0.96; p<0.01.

The results of the one-way ANOVA demonstrated a 
significant effect for the test position on the change 
in length of the string model for the medial arm, 
F(3,47)=11.7, p<0.001, as well as the lateral arm, 
F(3,47)=15.7, p<0.001, as shown in Table 3. For the 
medial arm, the greatest change occurred in the AD-
HEER position with an average of 12.7mm of length 
change in the string model (Figure 9). This was 
significantly greater than the ER position (5.1mm; 
p=0.002) and the AB-HEER position (1.9mm; 
p<0.001). The lateral arm also had the greatest excur-
sion in the AD-HEER position with a length change 
of 16.6mm. This length change was significantly 
greater than the ER position (8.6mm;p=0.002), the 
HEER (11.1mm;p=0.047), and the AB-HEER posi-
tion (5.6mm;p<0.001). 

DISCUSSION
The most important finding of this study was that 
a position of hip external rotation, extension, and 

Table 2. Descriptive statistics of the version and inclination angles 
of the femur and acetabulum. 

Table 3. Descriptive statistics of the length change of the medial and lateral arms 
of the iliofemoral ligament in each test position.

Figure 9. Length Change of the Medial and Lateral Arms of 
the Iliofemoral Ligament
HEER= hyperextension external rotation; AB-HEER= abduction hyper-
extension external rotation; 
AD-HEER= adduction hyperextension external rotation.  Bars represent 
standard error. 
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The diagnostic accuracy to identify those with 
anterior focal rotational microinstability may be 
improved if a position that best stresses the iliofemo-
ral ligament is used. The AD-HEER test position had 
nearly six times greater length change of the iliofem-
oral ligament than the AB-HEER test position. This 
is consistent with previous studies that showed the 
greatest strain of the iliofemoral ligament occurred 
when the hip was externally rotated from a position 
of adduction and extension.21,22 The addition of hip 
adduction with hip extension and external rotation 
caused the maximum length change of the string 
model of the iliofemoral ligament (Figure 5) and 
helps to validate this test position for stability test-
ing of the hip joint.

The results of the current study compliment previ-
ous works on the function of the iliofemoral liga-
ment.21,23,24 Martin et al.24 individually released the 
medial and lateral arms of the iliofemoral ligament 
and found an increase in external rotation range 
of motion when each arm was released. However, 
release of the lateral arm provided a greater increase 
in external rotation range of motion in flexion and in 
a neutral position compared to medial arm release. 
The lateral arm release also showed an increase of 
internal rotation range of motion when the hip was 
in an extended position.24 A study of intact ligaments 
found increased strain on the lateral arm with maxi-
mal external rotation in adduction and increased 
strain on the medial arm with external rotation in 
extension.21 Using magnetic resonance arthrography 
the medial arm tightened in extension and the lat-
eral arm tightened with external rotation.23 Fuss and 
Bacher22 performed one of the most extensive evalu-
ations of the hip joint ligaments. A total of 60 differ-
ent combinations of multi-planar positions of the hip 
joint were examined to determine specific positions 
that maximized tension of the ligaments. Among the 
many combinations of joint positions that tensioned 
the iliofemoral ligament, both the medial and lateral 
arms were lengthened in positions that included 
extension, adduction, and external rotation.22 The 
results of the current study confer the findings from 
these previous studies that show that individual and 
combined movements of hip extension, adduction, 
and external rotation can result in increased ten-
sion of both arms of the iliofemoral ligament. In the 

current study, greater changes were seen in the lat-
eral arm versus the medial arm of the iliofemoral 
ligament suggesting the proposed tests for microin-
stability may be more biased toward tensioning of 
the lateral arm of the iliofemoral ligament. 

While the AD-HEER was shown to have the greatest 
change in length of the string model, the diagnostic 
accuracy of this test has not been reported on living 
subjects. The diagnostic accuracy of the prone insta-
bility, HEER, and AB-HEER tests, however, have 
been studied.20 Hoppe et al.20 found the AB-HEER 
test to be most accurate in predicting hip instabil-
ity followed by the HEER and the prone instability 
tests. The AB-HEER test had a sensitivity of 80.6 and 
specificity of 89.4 and the HEER test had a sensitiv-
ity of 71.0 and specificity of 85.1.20 The prone insta-
bility test had a low value of sensitivity at 33.9 but a 
high specificity of 97.9.20 Despite showing the great-
est combined sensitivity and specificity in detect-
ing hip instability, the AB-HEER demonstrated the 
smallest length change in the string model used in 
this current study. The AB-HEER test increased the 
length of the medial arm by only 1.9mm and 2.7mm 
for the lateral arm. These results support findings by 
Hidaki et al.25 that demonstrated no increase of strain 
to the iliofemoral ligament when the hip was posi-
tioned in abduction. The work of Fuss and Bacher21,22 
suggest that the AB-HEER test lengthens structures 
other than the iliofemoral ligament, specifically the 
pubofemoral ligament. Other studies have shown 
that the ligamentum teres tightens in combined 
positions of hip flexion and rotation.26-28 These find-
ings illustrate the unique function of each structure 
and the importance of triplanar joint position in 
determining which ligament may be lengthened or 
stressed.22,24,29 Although it is beyond the scope of the 
current study, future research may investigate how 
specific test positions test can discriminate iliofem-
oral, ligamentum teres, and pubofemoral ligament 
dysfunction in symptomatic patients. 

Limitations 
While this study provides useful information on 
clinical tests for hip instability, there are a number 
of limitations that must be recognized. First, the 
use of cadaveric models limits the generalizability 
of the results to living subjects. The cadavers were 
embalmed and the surrounding soft tissue structures 
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of the pelvis were removed. This may have changed 
the native mechanics of the hip joint and influenced 
the findings of the study. 

Secondly, the morphologic characteristics of the 
specimens must be considered when interpreting 
the results of the study.2,4,6-8 Specimen measures of 
hip morphology showed that the average femoral 
anteversion (21o) and acetabular anteversion (20o) 
in the study population was greater than normal 
population averages of 10°30 and 17°,31 respectively. 
Conversely, the average femoral inclination of 124° 
in the current study was less than the normal popu-
lation average of 129°.30 To help mitigate the influ-
ence of boney morphology, the test positions were 
standardized with specific multiplanar positions for 
each specimen. However, it remains unclear how 
the morphologic characteristics of the specimens 
may have impacted the results of this study. A simi-
lar study with a larger sample size that categorizes 
specimens according to version angles may be of 
interest for future investigation. 

Third, the string model does not account for the elas-
ticity of the native ligamentous tissue but is a mea-
sure of a change in distance of a non-elastic string. 
While length change string may relate to the poten-
tial of strain across the ligament, it does not account 
for the elasticity of the tissue that may otherwise 
influence loading of the tissue. Future studies may 
be performed that test the tensile properties of the 
iliofemoral ligament in the common test positions 
used for evaluation of hip instability. 

Another factor is that the age of the specimens that 
were used in the current study are much older than 
the population of patients generally diagnosed with 
microinstability of the hip. Therefore, the quality 
and integrity of the bony, cartilaginous, and capsu-
lar tissues may be different than patients generally 
treated for microinstability of the hip. Finally, the 
sample size for this project was limited by the num-
ber of available specimens. A larger and more diverse 
sample population may offer greater projection of the 
findings of the study to a general patient population.

CONCLUSIONS
The results of this study showed that common test 
positions used for evaluating hip instability may 

cause various levels of tension through the iliofemo-
ral ligament based on the length changes observed 
in an anatomic string model of the iliofemoral liga-
ment. The combination of hip extension and exter-
nal rotation increased the length change of the string 
model and was maximized with the addition of hip 
adduction. The least amount of change occurred 
with the addition of hip abduction to extension and 
external rotation. Clinicians may find the informa-
tion useful when interpreting tests for instability of 
the hip and may consider assessing the hip in the 
combined position of hip extension, external rota-
tion, and adduction to elucidate potential involve-
ment of the iliofemoral femoral ligament. 
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ABSTRACT
Background: Many human beings are strongly influenced by right-sided dominance. This may cause potentially pathologic 
or dysfunctional asymmetries within the innominates of the pelvis, which in turn influences movement throughout the 
body including the glenohumeral (GH), vertebral, femoral acetabular (FA), sacroiliac, and costovertebral joints. Techniques 
based upon the science of Postural Restoration® may help correct these asymmetries and improve multiple physiological 
and mechanical aspects of sports performance. 

P urpose: To examine difference between non-manual, Postural Restoration® exercises and traditional postural interventions 
on anatomical alignment, available range of motion and symmetry, and speed and power in active college-aged males.

Stu dy Design: Randomized control trial, pretest-posttest control group design

Met hods: 25 male collegiate students (age = 21± 3 years) who met the ACSM guidelines to be considered physically active 
were chosen to participate. Participants completed a vertical jump test using a power analyzer (Tendo Sport, Lexington, SC, 
USA) and the pro agility test. Anatomical alignment was assessed through an adduction drop test, extension drop test, and 
standard goniometric measurements including femoral acetabular external rotation (ER), internal rotation (IR), flexion, and 
abduction, and glenohumeral internal rotation. Participants were randomly assigned to either non-manual, Postural Resto-
ration® techniques or traditional posture improvement exercises. Following a four-week intervention period, participants 
were reassessed using the same aforementioned outcomes completed pre-intervention. 

Result s: Participants who completed the non-manual, Postural Restoration® techniques demonstrated significant improve-
ments in pro-agility scores (-0.03 ± 0.10 seconds; p=0.0005). Neither set of interventions improved vertical jump scores 
(Treatment: +35.7 ± 288.02 W, p=0.1000; Control: -10.08 ± 301.04 W, p=0.381). Areas of anatomical alignment that dem-
onstrated significant change included the treatment group for FA IR (p=0.010) and FA abduction (p=0.035) symmetry and 
the left adduction drop test (p=0.039). 

Conclus ion: Non-manual exercise techniques based upon the science of Postural Restoration® may equalize asymmetries 
present in FA internal rotation and hip abduction. Improvements in symmetry of joint motion may indicate a restoration of 
neutrality of the pelvis and femoroacetabular joints. By improving anatomical alignment, through establishing a neutral 
pelvis, athletes may demonstrate improved neuromechanical efficiency, and kinesthetic control of multi-directional 
motions required for enhanced sports performance markers.

Level of  Evidence: 1b

Key Word s: Adduction drop test, asymmetry, compensatory movements, Postural Restoration® 
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INTRODUCT ION
Human beings can be strongly influenced by their 
asymmetrical organ distribution, skeletal alignment, 
and neurological preferences. Examples of these 
characteristics include an asymmetrical number 
and size of lobes in the lungs, greater diaphragmatic 
mobility restrictions on the right, a non-centered 
location of the heart, liver and spleen, upper left 
rotation and lower right rotation of the thoracic 
spinal regions, and asymmetrical functions of the 
cerebral hemispheres that influence an increase 
in right-sided movement for non-verbal communi-
cation.1,2,3,4 To counter the asymmetries present in 
multiple body systems, it could be hypothesized that 
humans may be biased to shift their center of grav-
ity to the right, leading to increased weight bearing 
on the right hemi-pelvis and lower extremity.1 Over 
time, sustained right biased positioning may alter 
the rotational position of the innominates of the pel-
vis. The rotational changes in the pelvis could then 
influence joint movement and position throughout 
the kinetic chain. Impacted joint structures above 
and below the innominates include the glenohu-
meral (GH), vertebral, femoral acetabular (FA), sac-
roiliac, and costovertebral joints.1,4 If not addressed, 
these repeated or sustained positional asymmetries 
may lead to movement dysfunctions, tissue struc-
tural changes due to overload principles, ineffec-
tive or altered muscle contractions, and altered 
neuromechanical and biomechanical execution of 
movement.5,6 The resulting structural alignment 
characteristics have the potential to create patho-
logical or dysfunctional positioning that may then 
lead to potential decline in daily living activities and 
athletic performances.3,4 

The professionals at the Postural Restoration Insti-
tute® recognize the asymmetries noted within the 
anatomy of the human being and have identified 
numerous corresponding right- and left-sided chains 
(functional and linked groupings of muscles).4 
These chains include the Anterior Interior Chain, 
the Brachial Chain, the Posterior Exterior Chain, 
and the Temporal-Mandibular-Cervical Chain.1 A 
person’s tendency to neuromechanically follow or 
be positioned in one of these chains is considered to 
be on a continuum and referred to as a pattern.1 One 
of the more commonly seen patterns, or positional 
malalignments, is referred to as the left anterior 

interior chain (AIC) pattern. The left AIC pattern 
may even be considered inherent and underlie or 
pair with other patterns, such as a posterior exte-
rior chain pattern, because of the natural aforemen-
tioned asymmetries in the human body.1 Because of 
this perspective, and the sampling of convenience of 
subjects being a predominately lower extremity ath-
letic population, the investigators focused the devel-
opment, discussion and application of this research 
on the left AIC pattern. The left AIC pattern is 
characterized by asymmetries within specific mus-
cles such as the left hemisphere of the diaphragm, 
psoas, vastus lateralis, medial hamstring, and associ-
ated ligaments and tendons, creating positional and 
compensatory myokinematic relationships in one 
or more areas of the trunk, upper extremities, and 
lower extremities.4 The primary pelvic girdle osteo-
kinematic position of a left AIC pattern includes an 
anteriorly and externally rotated (ER) left innomi-
nate, a posteriorly rotated right innominate, an 
externally rotated and abducted left hip, and an 
internally rotated and adducted right hip. It has been 
noted that changes in pelvic position (anterior/pos-
terior rotation) and functional positioning (supine/
standing) can alter the available range of motion of 
the femoroacetabular joint, acetabular coverage of 
the femoral head, and potential arthrokinematics 
and create a functional impingement due to the ori-
entation of the acetabular surface.7,8,9 Objective find-
ings observed by the Postural Restoration Institute 
® of the left AIC pattern can include greater range 
of motion in FA internal rotation (IR) on the right 
and greater range of motion in FA abduction on the 
left due to the orientation of the innomoinates and 
therefore the acetabulum.4

One potential functional advantage of the ante-
rior interior chain (AIC) pattern is to facilitate the 
progression of gait. When activated, the left AIC 
advances an individual from left stance phase to 
right stance and the right AIC facilitates progression 
of right stance to left stance.4 Though no formal gait 
analysis studies have been completed to best of the 
investigators’ knowledge, it may be inferred that the 
fluidity and efficiency of gait is dependent upon the 
coordinated and reciprocal facilitation and inhibition 
of the right and left AIC patterns. Irregularities in 
gait may then arise when an individual is unable to 
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transition fluidly between the right and left patterns; 
either one pattern is over facilitated and is unable to 
be inhibited, or the other pattern is strongly inhib-
ited and unable to be facilitated.4

Athletes and other active populations require a 
unique assortment of movements as they transition 
between sagittal, frontal and transverse planes. The 
extent to which an individual requires control within 
and between these planes of motion is dependent 
upon the activity or sport-specific movement. Ade-
quate and symmetrical range of motion for involved 
joints, along with the efficiency of sequential tim-
ing of muscle activation, is necessary for optimal 
mobility and performance.10, 11, 12, 13 By improving FA, 
sacroiliac, pelvic innominate, GH and vertebral posi-
tioning using a variety of alignment and non-man-
ual repositioning techniques and exercises, the body 
may be able to move with improved symmetry and 
efficiency between myokinematic chain patterns 
(for example, the right and left AIC patterns) result-
ing in enhanced athletic performance. The purpose 
behind Postural Restoration® techniques is to aid in 
correcting these asymmetries and achieve a posi-
tion of neutrality by inhibiting or facilitating specific 
muscles on either side of the body in order to create 
more reciprocal, symmetric, and integrated func-
tion.4 Postural Restoration® techniques may help 
correct positional or compensatory asymmetries to 
improve mechanical efficiency and ease of recip-
rocal movement. The purpose of this study was to 
examine difference between non-manual, Postural 
Restoration® exercises and traditional postural inter-
ventions on anatomical alignment, available range 
of motion and symmetry, and speed and power in 
active college-aged males. The hypothesis was that 
Postural Restoration® techniques would improve 
anatomical alignment, range of motion, and joint 
symmetry to achieve a position of neutrality of an 
active male collegiate population to a greater degree 
than traditional postural correction exercises, that 
in turn would lead to improvements in speed and 
power performance.

METHODS
In ord e r to be included in the study, participants had 
to be male, between the ages of 18 and 24 years, cur-
rently competing in NCAA division III athletics, be 
able to complete an off-ice agility test, and defined 

as active per ACSM standards. A sampling of conve-
nience of twenty-five male collegiate students (age 
= 21± 3 years) who met the ACSM guidelines and 
recommendations of a physically active individual 
were chosen to participate (22 hockey players, two 
football players, one golfer). ACSM guidelines clas-
sify an individual as active if they accrue 150 minutes 
of moderate physical activity per week for the prior 
three months.14 Participants were excluded from the 
study if they had a history of cardiovascular disease 
or injury to the sacroiliac, lumbosacral, or lumbar 
spine regions within three months prior to testing. 
After approval from the undergraduate institutional 
review board (IRB), an informed consent document 
from each participant was obtained and pre-inter-
vention assessments were completed. These objec-
tive assessments included a vertical jump test, a pro 
agility test, and a series of goniometric measures. 
All testing took place at the undergraduate institu-
tion’s fitness center. 

Participants completed a vertical jump test using a 
power analyzer (Tendo Sport, Lexington, SC, USA). 
Hands were positioned on hips to ensure an analy-
sis of lower extremity power without the influence 
of upper extremity momentum and to control for 
variations in jumping technique. The maximum 
power output of three trials was recorded for anal-
ysis (watts). Following the vertical jump, partici-
pants then completed an agility assessment called 
the pro agility test. The pro agility test is an anaero-
bic test emphasizing change of direction dynam-
ics over a course of 15-yards.15 The pro agility test 
has demonstrated a mild learning effect in previ-
ous studies, and therefore it is recommended that 
at least one additional trial be completed to obtain 
maximal performance.16 Participants run five yards 
in one direction, stop, run ten yards in the oppo-
site direction, stop, and then run a final five yards 
forward to where they began the test. Participants 
remained facing the same way through all direction 
changes for the duration of the test to ensure consis-
tency. Total time to complete the pro agility test was 
recorded in seconds. The fastest of three trials was 
recorded for analysis. 

Participant’s anatomical alignment and position-
ing was assessed through an adduction drop test, 
an extension drop test, and standard goniometric 
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measurements including femoroacetabular (FA) 
external rotation (ER), FA internal rotation (IR), 
FA flexion, FA abduction and glenohumeral (GH) 
IR. The goniometric measurements followed stan-
dard goniometric measurement protocols, includ-
ing test positions, as described in Measurement of 
Joint Motion: A Guide to Goniometry 4th ed.17 The 
range of the aforementioned motions was recorded 
for data analysis in degrees for both the right and 
left extremities. Range of motion asymmetry was 
recorded for data analysis by calculating the abso-
lute difference between right and left extremities, 
greater difference between right and left measures 
indicated greater asymmetry.

The adduction drop test, traditionally referred to as 
an Ober’s Test, consisted of the participant lying on 
their side with the lower extremities positioned at 
90 degrees of hip and knee flexion. The examiner 
passively flexes, abducts, and extends the top hip to 
neutral while maintaining 90 degrees of knee flex-
ion and a vertically stacked pelvis. The examiner 
maintains the top innominate aligned over the bot-
tom innominate, allowing pelvic stabilization for a 
clear analysis of the moving limb’s FA arthrokine-
matics. A positive test is indicated by the limb’s 
inability to adduct beyond the midline. A negative 
test results in the full adduction of the tested limb, 
lowering until the knee rests on the table or dropped 
below the midline while maintaining a vertically 
stacked pelvis. A positive adduction drop test is tra-
ditionally believed to indicate limited extensibility 
of the iliotibial band (ITB). However, cadaver studies 
refute this hypothesis by noting that the length of 
the ITB does not appear to influence femoroacetab-
ular adduction.18 Although diagnostic metrics have 
not been completed for the Ober’s Test related to 
arthrokinematics, per the investigators’ knowledge, 
the Postural Restoration Institute® utilizes this test 
to investigate limited FA adduction arthrokinemat-
ics with the belief that a positive test indicates the 
impingement of the posterior inferior femoral neck 
on the rim of acetabulum rather than as a soft tis-
sue extensibility assessment.1,4 A negative test would 
then indicate a neutrally positioned innominate and 
corresponding acetabulum.4 The adduction drop test 
was recorded as either positive or negative for both 
right and left sides and utilized for data analysis.

The extension drop test, similar to the traditionally 
known Thomas Test, places the participant in short 
sitting on the edge of a plinth resting on their ischial 
tuberosities. The participant grasps one knee pulling 
it to their chest while the examiner assists them onto 
their back into a modified supine position, keeping 
their lumbar spine in contact with the table and leav-
ing the free lower extremity hanging over the edge of 
the table. A positive test is indicated by the inability 
of the tested extremity (free extremity) to extend at 
the hip to neutral so the thigh rests on the table. A 
negative test results in achieving neutral FA position 
with the thigh resting on the table surface. This test, 
like the adduction drop test, has not been formally 
validated to the best of the investigators’ knowledge. 
The extension drop test has also been utilized by the 
Postural Restoration Institute® and assists the investi-
gators in determining FA femoral head position and 
orientation in the acetabulum along with ligamentous 
and capsular integrity and stability of the FA joint.1,4 
A positive test implies a non-neutral pelvis, limiting 
full hip extension, and intact ligamentous stability. A 
negative test is suggested to indicate either a neutral 
pelvis that allows for full range of FA joint motion or 
a non-neutral pelvis and potentially compromised 
ligamentous stability to compensate for the lack of 
neutrality and allow for full range of motion. It is 
suggested, by the Postural Restoration Institute®, that 
ligamentous stability may have the potential to be 
compromised if an individual has a positive adduc-
tion drop test and a negative extension drop test. A 
positive adduction drop test would indicate a non-
neutral pelvis. If the pelvis is not in a neutral position, 
then this individual should also have a positive exten-
sion drop test, unless laxity exists in the ligaments 
and joint capsule to allow the arthrokinemetic glide 
of the femoral head anteriorly and subsequent roll of 
the femur into extension, leading to a false negative 
of the extension drop test.4 The extension drop test 
was recorded as either positive or negative for both 
right and left sides and was utilized for data analysis.

This study was a randomized control trial using a par-
allel, two-group pretest-posttest control group design 
(Figure 1). Participants were randomly assigned into 
either a treatment or control group utilizing a 1:1 
allocation ratio. Random assignment was generated 
through a table of numbers as each participant was 
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labelled as a specific number (1-25) with equal possi-
bility of being assigned to either intervention group. 

Participants were randomly assigned to either non-
manual, Postural Restoration® technique exercises 
(treatment group, n=13) or traditional posture 
improvement exercises (control group, n=12). Both 
groups of participants met with an investigator, 
either individually or in small groups, based upon 
collegiate scheduling availability. The investigators 
demonstrated each exercise technique and answered 
all questions regarding each technique. In addition to 
the hands-on instruction, each participant was given 
written and illustrated instructions. After the exer-
cise instruction session was complete, each partici-
pant individually and independently demonstrated 
their understanding by completing the exercises one 
on one with the teaching investigator. If improper 
form was noted, exercise instruction was reviewed, 
and the technique was reassessed. This cycle was 
repeated until all individuals could demonstrate 
complete understanding of their given exercises. 

The Postural Restoration® techniques included the 
90/90 Hip Lift to facilitate hamstrings, glutes, internal 
obliques and transversus abdominis in order to pos-
teriorly rotate the pelvis back into a neutral position; 
the Supine Hooklying Adductor Magnus Inhibition to 
inhibit the right adductor magnus by placing into a 
lengthened position and activating the left hamstrings 
and left ischiocondylar adductor to posteriorly rotate 
the left hemi-pelvis; and All Four Left Posterior Medi-
astinum Expansion in Left AFIR to facilitate internal 
obliques and transversus abdominis to achieve pelvic 

neutrality and to passively place the participant into 
left acetabular femoral internal rotation. All three 
techniques were implemented using typical Postural 
Restoration® instructions and completed in the afore-
mentioned order. (Figures 2, 3 and 4) These techniques 

Figure 1. Study design.

Figure 2. Treatment Group Exercise #1, 90-90 Hip Lift

1.  Lie on the back with feet fl at on a wall and knees and hips 
bent at a 90-degree angle.

2.  Place a 4-6 inch ball between the knees. 
3.  Inhale through the nose and exhale through the mouth, 

performing a pelvic tilt so that the tailbone is raised slightly 
off the mat. Keep the back fl at on the mat. Do not press the 
feet into the wall, instead dig down with the heels. You 
should feel the muscles on the back of your thighs engage.

4.  Hold this position while taking 4-5 deep breaths, in through 
the nose and out through the mouth.

5.  Relax and repeat 4 more times. 
Copyright © Postural Restoration Institute® used with permis-
sion, www.posturalrestoration.com
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were selected and ordered to reflect a sequential com-
bination of repositioning exercises utilizing inhibition 
and facilitation techniques commonly implemented 
in early rehab and repositioning stages in a clinic set-
ting. These techniques were focused on targeting a 
left AIC pattern but are also utilized initially to target 
similar muscles noted in other lower quarter patterns 
as well such as a Posterior Exterior Chain pattern, 
thought to be noted in hockey athletes. Recall that 
it is thought that a left AIC can underlie other pat-
terns, such a posterior exterior chain pattern, thereby 
allowing the investigators to target multiple patterns 
utilizing the same group of exercises. Each repetition 
for these exercises is marked by a round of four or 
five breaths while completing a given movement or 
holding a position. Participants were instructed to 
complete four repetitions of each exercise once a day 
during the four-week intervention period.

The control group was instructed in three tradi-
tional posture improvement exercises. The three 
techniques are believed to be utilized by the gen-
eral public to address global postural concerns seen 

in forward and rounded-shoulder posture such as 
shortened anterior chest musculature and weak-
ened posterior musculature through both stretching 
and strengthening. No specific protocol was utilized 
in the selection process. The three control exercises 
included the superman stretch to improve lumbar 
spine and paraspinal strength; a scapular retraction 
doorway stretch to improve mobility of the anterior 
chest wall and scapular stabilization; and a push-up 
back extension stretch to improve lumbar and hip 
extension mobility. (Figures 5, 6, and 7) Participants 
were instructed to complete ten repetitions of the 
superman stretch and three repetitions of a 30-sec-
ond hold for both the scapular retraction doorway 
stretch and the push-up back extension stretch. All 
exercises were to be completed daily over the four-
week intervention period. 

Participants were asked to complete their daily pos-
ture exercises independently at a location of their 
convenience over a four-week intervention period, 
completing their corresponding programs a total of 
28 times. Participants recorded their activity in daily 

Figure 3. Treatment Group Exercise #2, Supine Hooklying Adductor Magnus Inhibition

1.  Lie on the back with the feet on a 2-inch block. 
2.  Place a bolster or an appropriate size pillow on the right side.
3.  Inhale through the nose and exhale through the mouth, performing a pelvic tilt so that the tailbone is raised slightly off the mat. 

Keep the back fl at on the mat. You should feel the muscles on the back of your thighs engage. 
4.  Maintaining a pelvic tilt, let the right knee lower to the side until it reaches the bolster or pillows. You should feel a stretch across 

your right inner thigh. 
5.  Hold this position while taking 4-5 deep breaths, in through the nose and out through the mouth. 
6.  Let your left knee drop down to meet your right. 
7.  Keeping both legs together, slowly bring them upright as one unit. 
8.  Relax and repeat 4 more times.
Copyright © Postural Restoration Institute® used with permission, www.posturalrestoration.com
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journals and submitted them to the investigators 
weekly to ensure adherence to their respective pro-
grams. Following the four-week intervention period, 
participants were once again assessed with the verti-
cal jump test, pro-agility test, and goniometric and 
alignment tests.

 RESULTS
 Pre- and post-test measurements for ROM outcomes 
for both groups are presented in Tables 1 and 2. There 
were no significant differences between the treat-
ment and control groups prior to the intervention 
period (homogeneity of variance test, Levene’s test). 

No statistically significant differences were noted for 
either group on all measures of range of motion pre- 
to post- intervention (Tables 1 and 2).

Descriptive outcomes for both groups regarding 
symmetry in goniometric measures are presented in 
Table 3. Statistically significant differences in abso-
lute range of motion asymmetry (right to left differ-
ences) from pre- to post-intervention goniometric 
measurements were determined for the treatment 
group in FA internal rotation (p=0.010) and hip 
abduction (p=0.035). (Table 3) There were no statis-
tically significant changes in treatment group abso-
lute asymmetry pre- and post-intervention between 
right and left extremities for FA external rotation, 
hip flexion, or GH internal rotation (p=0.054, 0.739, 
0.753, respectively). Changes in pre- and post-inter-
vention absolute asymmetry in the control group 
were not statistically significantly different for 
FA IR, FA ER, FA flexion, FA abduction and GH IR 
(p=0.118, 0.064, 0.862, 0.232, and 1.00 respectively). 

Figure 4. Treatment Group Exercise #3, All Four Left Posterior Mediastinum Expansion in Left AF IR

1.  Position yourself on your hands and knees with a 1-inch towel under the left knee.
2.  Maximally round the spine by arching your back upward, as you roll your pelvis back so that your bottom tucks under you.
3.  As you inhale through the nose, gently press down with both arms as while attempting to “fi ll” the left side of the upper back 

with air. 
4.  Exhale and maintain this position. 
5.  Hold this position while taking 4-5 deep breaths, in through the nose and out through the mouth, attempting to “fi ll” or expand 

the left side of the upper back with air upon each inhalation. 
6.  Relax and repeat 4 more times. 
Copyright © Postural Restoration Institute® used with permission, www.posturalrestoration.com
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Table 4 presents the descriptive outcomes for the 
adduction and extension drop tests as categorical 
variables. The options for determining significant 
change in categorical data for the adduction and 
extension drop test is limited. The investigators 

converted the adduction and extension drop test 
scores to numerical values (positive = 1, negative = 
0). The mean change was determined for each sub-
ject and a series of t-tests was completed. Each limb, 
pre- to post-intervention, was compared to a hypo-
thetical mean of zero, indicating an individual who 
scored negative on these tests, or was in alignment 
and a pelvic neutral position. A statistically signifi-
cant difference was found for the left lower extrem-
ity of the treatment group for the adduction drop test 
(p=0.039). A paired sample t-test was used to com-
pare the mean changes of pre- to post-intervention 
scores between groups for both tests. Of these com-
parisons, the left adduction drop test and the right 
extension drop test were found to be statistically sig-
nificantly different between groups (p=0.0369 and 
0.0477 respectively) (Table 5). In terms of number 
of subjects and percentages of individuals who dem-
onstrated improvement in the adduction drop and 
extension drop test, the treatment group demon-
strated a greater number of subjects changing their 
scores from positive to negative for both drop tests. 

Outcomes in the vertical jump and pro agility test 
scores are presented in Tables 6 and 7 respectively. 

Figure 5. Control Group Exercise #1, Superman Stretch

1.  Lie face down on the ground with the feet outstretched and 
arms fully extended overhead.

2.  Raise the arms and legs off the ground while maintaining 
contact between the stomach and the ground.

3.  Hold this position for 1-second. Return to original starting 
position. 

4.  Continue this sequence for 10 repetitions. 

Figure 6. Control Group Exercise #2, Scapular Retraction 
Doorway Stretch

1.  Start by standing upright between a hallway and doorway.
2.  Grabbing each side of the doorframe, step through the door-

way so that the upper torso is advanced through the door 
and the arms end up outstretched and extended behind 
you. 

3.  To add to this stretch, squeeze the shoulder blades together.
4.  Hold this position for 30-seconds. Repeat for 3 repetitions.

Figure 7. Control Group Exercise #3, Push Up Back Exten-
sion Stretch

1.  Lie face down on the fl oor with the arms in push-up posi-
tion and legs extended. 

2.  Using the arms, push the upper torso up from the ground, 
keeping the pelvis and legs on the ground and extending the 
back. 

3.  Hold this position for 30-seconds. Complete 3 repetitions.
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Paired sample t-tests and a one-way ANOVA were 
completed to compare the vertical jump (Table 6) 
and pro agility test scores pre- and post-intervention 
(Table 7). 

A significant difference was found in the treatment 
group in the pre- to post-intervention pro-agility test 
times (p=0.005), with eight of the 13 participants 
reducing their time and an overall group average 

Table 1. Treatment group pre- and post-intervention goniometric mean 
measurements and p-values. All are reported in degrees.

Table 2. Control group pre- and post-intervention goniometric mean 
measurements and p-values. All are reported in degrees.

Table 3. Pre- and post-intervention measures of absolute asymmetry, reported 
in degrees, for goniometric measures between right and left lower extremities, 
with p-value shown.
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reduction of 0.03 seconds (Table 6). No significant 
difference was found for the control group in the 
pro-agility test (p=0.210) as only three of the 12 par-
ticipants reduced their time and the group had an 
overall group average increase in test time of 0.07 
seconds. No significant differences were found in 
pre- and post-intervention vertical jump scores in the 
control (p=0.381) or treatment groups (p=0.100).

After the four-week intervention period was com-
pleted, the percentage of exercise completion 
per group was calculated. The treatment group 

completed 72% of the twenty-eight exercise sets 
requested, while the control group completed 79% 
of the twenty-eight requested exercise sets.

 DISCUSSION
 According, to Postural Restoration® theory, individu-
als who are neuromechanically oriented or biased 
to a left AIC pattern tend to be in a state of right FA 
IR and adduction and left FA ER and abduction in 
response to the anteriorly and externally rotated left 
innominate. Therefore, in order to achieve a posi-
tion of neutrality, this positional pattern of the left 
AIC should be addressed by posteriorly and inter-
nally rotating the left innominate. According to Pos-
tural Restoration Institute’s® theory, upon achieving 
neutrality, the individual will regain efficient fem-
oroacetabular arthrokinematics, demonstrated by 
a negative adduction drop test and improved FA 
adduction and internal rotation of the left hip and 
FA ER and abduction of right hip. The goal of the 

Table 4. Percentage of subjects scoring a negative test for adduction and 
extension drop testing pre- to post- intervention. Data reported as the number of 
subjects who scored a negative test and corresponding percentage.

Table 5. Statistical comparisons of the adduction 
and extension drop tests. All data are reported as 
the p-value for each condition.

Table 6. Vertical jump pre- and post-intervention 
mean change and standard deviations, recorded in 
watts (W).

Table 7. Pro-agility pre- and post- intervention 
mean scores (seconds), p-values, and one-way 
ANOVA results.
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techniques selected for the intervention group 
in this study was to utilize the science of Postural 
Restoration® to facilitate or inhibit the appropriate 
muscles to correct for a potential malalignment and 
achieve a position of neutrality. The repetition of 
these exercises over the course of four weeks could 
facilitate the potentiation of new neural pathways 
responsible for the neuromechanic and propriocep-
tive awareness required to maintain this position of 
neutrality. This process is consistent with current 
clinical practices of facilitating motor control and 
kinesthetic awareness in clients who have experi-
enced improvements in available range of motion 
after an orthopedic or neurological injury or medical 
procedure. Taking the time to teach clients to how to 
utilize the new available range with fluid, or graded, 
muscle contractions and establish motor control and 
proprioceptive awareness through neuromuscular 
training, o r in this case with Postural Restoration® 
techniques.

The treatment and control groups, as a whole, did 
not reveal any statistically significant differences 
in right or left goniometric measures of joint range 
of motion. The treatment group findings for abso-
lute asymmetry for FA IR and FA abduction were 
the only motions (out of five motions measured) to 
demonstrate statistically significant improvements 
in asymmetry between pre- and post-interven-
tion measurements. In other words, the right and 
left sides of FA joint motions of internal rotation 
and abduction measured had fewer degrees differ-
ence, indicating an in increase in symmetry post-
intervention for the treatment group. These results 
suggest that the non-manual techniques utilized in 
the treatment group effectively targeted the appro-
priate muscles responsible for the repositioning of 
the femoral head within the pelvic acetabulum lead-
ing to improved arthrokinematics. The improved 
arthrokinematics of the treatment group are may be 
associated with the statistically significant findings 
of the adduction drop test, demonstrating increased 
FA adduction. These improvements in mobility sug-
gest that repositioning of the pelvis may have taken 
place, as intended by the given Postural Restoration® 
techniques.

Per  Postural Restoration® theories, the aforemen-
tioned positional malalignments of a left AIC 

pattern influence lumbo-pelvic-femoral resting mus-
cle length. Consider the resting muscle length and 
force production relationship. The resting length of 
the actin and myosin filaments and cross-bridge for-
mation become altered with changes in joint angle 
or location of muscle attachment sites that in turn 
influences the mechanical properties and force 
production capabilities of muscular contractions.19 
The active component of isometric force produc-
tion in the length-tension relationship of a muscle 
will diminish as cross-bridges are over-lengthened 
or over-shortened.20 Because each hemi-pelvis is 
placed in opposite positions in a Left AIC pattern, 
the muscles that attach onto or cross one half of the 
pelvis will present in opposite pairings – muscles 
will be lengthened on an ipsilateral hemi-pelvis and 
shortened on the contralateral hemi-pelvis and vice 
versa. An example of altered resting muscle length 
discussed by the Postural Restoration Institute® in a 
left AIC pattern includes the left hip flexors, external 
rotators, iliacus, psoas and rectus femoris becoming 
shortened and tight, or the anatomical attachments 
are brought closer in proximity.4 The reduced dis-
tance between proximal and distal muscular attach-
ments may lead to inefficient active force production 
or a potential compensatory state of over-activity in 
a means to create stability, appearing as increased 
strength.4 (Discussion of all muscles effected by posi-
tional patterns are beyond the scope of this investiga-
tion) By correcting asymmetry through repositioning 
activities of the pelvis, the actin-myosin contractile 
efficiency and activation of the stretch-shorten cycle 
may improve.21 If this is the case, the restored con-
tractile strength and neuromechanical properties of 
muscles from achieving a neutral pelvis may impact 
foundational aspects of athletic performance, such as 
speed and power.

Walking requires reciprocal and coordinated facilita-
tion and inhibition of opposing poly-articular chains 
in the lower extremities through multiple planes of 
motion. The AIC chain functions to facilitate the tran-
sition between stance phases of the lower extremities. 
Running holds the same use of these alternating poly-
articular chains at a faster cadence between facilita-
tion and inhibition. The pro agility test gauges the 
running speed of an individual with abrupt changes 
in direction, a fundamental characteristic that can 
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impact an athlete’s performance. Only the treatment 
group demonstrated a statistically significant reduc-
tion in time in the pro agility test, compared to the 
non-statistically significant observed increase in time 
of the control group. Three repetitions of the pro agil-
ity test were completed to minimize the potential of 
a learning effect. The small changes (mean of -0.03s 
and +0.07s in the treatment and control groups, 
respectively) observed and the standard deviations 
noted for the change in scores for both groups raises 
the question to the magnitude of clinical significance. 
The breadth of overlap in the distribution for the 
mean change in time for the two groups could suggest 
a potential opposite effect to what was found to be 
statistically significant – that the Postural Restoration® 
techniques may have increased the time of some par-
ticipants while the control interventions may have 
decreased the time of some participants, despite the 
findings of statistical differences by group. 

It is unknown as to how the non-manual Postural 
Restoration® techniques could have led to an increase 
in speed observed through a reduction in time of pro 
agility test scores. The investigators suggest that the 
decrease in time noted may reflect upon potential 
neurological improvements and enhanced kines-
thetic awareness and motor control of the polyartic-
ular muscle chains. Postural Restoration® techniques 
require an individual to have increased kinesthetic 
awareness and attention to body placement and posi-
tion in order to complete them correctly. Thereby, a 
forced practice that can facilitate an improved kines-
thetic control would allow a subject to have greater 
position sense of their body during a test and poten-
tially reduce reaction time, achieve desired positions 
more quickly and accurately, and link sequential 
motions more efficiently, as would be required in 
the abrupt changes of direction during the pro agil-
ity test. Another related hypothesized neurologi-
cal idea is through an increased potentiation, or up 
regulation of neural programming. Increased facili-
tation and inhibition of chains through increased 
frequency of activation of motor neural pathways 
would lessen the time required to alternate between 
the right and left anterior interior chains, or shorten 
the time an individual remains in stance phase. A 
reduction in stance phase implies an increase in 
cadence and therefore an increase in speed.

Another f oundational characteristic that contributes 
to athletic performance is power, analyzed in this 
study by the vertical jump. The lack of statistically 
significant change in both the treatment and con-
trol group suggests that both protocols created do 
not have an influence on power. The vertical jump 
is a movement primarily contained in one plane of 
motion and requires a substantial amount of lower 
extremity explosiveness and coordination of reflex-
ive and passive structures. Improvements in power 
are not achieved through Postural Restoration® or 
traditional posture improvement exercises. Dur-
ing the development of the methods, the investiga-
tors were uncertain if significant changes in power 
would be seen in either group as the prescription 
parameters of the interventions were not to train 
power and explosiveness, but rather influence posi-
tions of neutrality. 

The investigators acknowledge the existence of 
potential limitations and confounding variables to 
this study. First, many of the participants were either 
in their pre-, in-, or post-season trainings for their 
given sport, with twenty-two of the twenty-five par-
ticipants being in the same sport (hockey) and many 
being on the same team. The investigators acknowl-
edge that utilizing current in-season athletes had 
the potential to create a limitation in obtaining an 
accurate picture of the post-intervention measures. 
Postural Restoration® techniques require a repro-
gramming of neural pathways. Participants may 
have experienced limitations in motor learning and 
limited carryover of new motor pathways if they con-
tinued to move within their old habitual patterns dur-
ing training and competition. The investigators were 
unable to control participants’ exposure to other test 
subjects who were on the same team. It is possible 
that teammates from either group may have taught 
other test participants their respective exercise pro-
gram. A second limitation was the absence of contin-
uous evaluation by a clinician or study investigator 
in order to modify and progress the interventions to 
meet the positional alignment changes of the par-
ticipants throughout the study. Individualized pro-
grams may have continued to train the athlete in an 
increasingly neutral position and facilitate a greater 
magnitude in changes for all study measures. Third, 
a limitation does exist in how the investigators chose 
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to determine significance in a categorical measure 
(adduction and extension drop tests). A categorical 
measure may present challenges in determining sta-
tistically significant changes pre- to post-interven-
tion compared to a continuous measure. Due to the 
aforementioned limitations, in addition to the lack 
of significant changes in range of motion and power, 
the investigators question if the participants truly 
reached a complete position of neutrality or if the 
strength of the relationship of anatomical neutral-
ity and performance is not as strong as originally 
hypothesized. 

The investi gators would like to see future research 
integrating a form of progression of interventions, 
even if not fully customized to the participants. Sub-
sequent variations of this current study may include 
isolating the type of sport observed and identifying 
initial positional pattern biases that would influ-
ence the effectiveness of the selected interventions. 
Finally, further research should expand to include 
imaging or other studies and measures to support or 
reject the hypothesis, validity, and reliability of the 
supposition that the adduction and extension drop 
tests can be interpreted as arthrokinematic mea-
sures of the FA joint in order to truly define a posi-
tion of neutrality.

With mixed results, limited quality of researched 
explanations for relevant findings, and areas to fur-
ther investigate, the clinical application of these 
results is challenging. The breadth of the field 
of physical therapy is expanding through direct 
access efforts and the public’s support of cash-pay 
clinics with the drive to find a means to improve 
performance (such as running analysis, sport spe-
cific performance, injury prevention, and return 
to play programs). As a profession, physical thera-
pists pride themselves on being movement experts, 
and as such, they need to be knowledgeable in the 
content and integration of all aspects of the neu-
romusculoskeletal systems through the lens of 
movement efficiency. Clinicians need to be able 
to optimize movement in both the performance-
oriented, healthy and active individuals as well as 
the clients with identified pathological impairments. 
Addressing the optimization of an individual’s move-
ment may need to be done through several styles 
of treatment techniques, educational perspectives, 

or intervention theories. Postural Restoration® is one 
relatively new but not overtly common approach. 
With a potential concern on finding cost-saving mea-
sures and growing the sales and marketing side of 
movement performance, specialty clinics may even 
need to consider consulting on a team (large group) 
basis, where customized prescription may be lim-
ited. This study demonstrates the potential applica-
tion of utilizing a non-traditional method of assessing 
alignment and prescribing interventions to an entire 
team that facilitate training from a position of neu-
trality that may lead to improvements in athletic 
performance and optimization of movement. Based 
on the execution of this study, the treatment group 
techniques are easily integrated into current fitness 
and sports training programs, allowing clinicians to 
find an increase in support (and possibly demand) 
from coaching and training staff.

CONCLUSION
Th  e purpose o f this study was to examine the differ-
ence between a non-manual, Postural Restoration® 
intervention on athletic performance markers such 
as speed and power, along with joint range of motion 
and symmetry. No statistically significant differ-
ences were found in changes of joint range of motion 
or power assessments (vertical jump) between pre- 
and post-interventions of both the treatment and 
control groups. Limited improvements in joint sym-
metry were noted in the treatment group, including 
improvement in the adduction and extension drop 
tests. Statistically significant improvement occurred 
in the performance of the pro agility test in the treat-
ment group, however, the clinical significance of the 
change in this score remains uncertain. Postural 
Restoration® is a safe, minimally taxing, technique 
that can be applied in a number of different settings 
including physical therapy or rehab clinics, strength 
and conditioning centers with athletes, or for every-
day at home to impact motion and performance.
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ABSTRACT
Background: Physical therapy interventions of exercise and manual therapy provide benefit in treatment of subacromial 
pain syndrome (SAPS). Dry needling is an emerging technique for treating musculoskeletal conditions; however, conflicting 
investigative evidence exists regarding the use of dry needling for SAPS. 

Purpose: The purpose of this case series was to describe the use of dry needling, in conjunction with exercise, as a manage-
ment strategy for patients meeting clinical diagnostic criteria of SAPS and to observe the short- and intermediate-term 
effects of dry needling with therapeutic exercise in this population. A secondary purpose was to describe a framework of 
clinical reasoning to guide the pragmatic application of dry needling and exercise in clinical practice. 

Study Design: Case series. 

Methods: Twenty-five patients met criteria for SAPS and provided informed consent. Patients received examination-based 
dry needling for the first two visits with exercises added beginning at the third treatment session to help distinguish treat-
ment effects. The primary outcome measure used in this study was the Quick Disabilities of the Arm, Shoulder, and Hand 
(Q-DASH) survey assessed at their third clinical visit, at four-weeks after starting intervention and again at a three-month 
follow up visit. 

Results: On the Q-DASH survey 21 of 24 patients reported improvement at the third visit (range 4.5 to 38.6 points) and 19 
of 22 reported improvement at the 3-month follow-up (range 0.1-54.5 points) relative to baseline. Sixteen of 24 patients at 
the third visit and 19 of 22 patients at the 3-month follow-up reported Global Rating of Changes scores of +3 or greater. 

Conclusion: This case series provides insight to the observed short- and intermediate-term effects of dry needling combined 
with exercise for SAPS. Additionally, it discusses the framework of clinical reasoning when applying this intervention. The 
results are encouraging for dry needling as an adjunct to exercise for treating patients with SAPS. 

Level of Evidence: Therapy, level 4

Key Words: Movement system, shoulder, trigger point, subacromial pain syndrome, 
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INTRODUCTION
Shoulder pain accounts for 14-21% of all primary care 
musculoskeletal complaints with an estimated direct 
cost of $7 billion per year in the United States.1-4 Sub-
acromial pain syndrome (SAPS) involves a spectrum 
of subacromial space pathologies, including partial 
thickness rotator cuff tears, rotator cuff tendinosis, 
calcific tendinitis, and subacromial bursitis.5  Com-
mon interventions for SAPS include medication,6,7 
exercise,8 manual physical therapy,9-11 injections and 
surgery.7,12-14 Surgery and injections may not pro-
vide any additional benefit over lower risk physi-
cal therapy strategies.9,11-13 Exercise programs aim to 
improve shoulder motion, scapular and rotator cuff 
muscle strength, and shoulder function, in order to 
reduce pain in patients with SAPS.8,10 The addition of 
manual physical therapy to a comprehensive exer-
cise program results in greater reduction in pain and 
improvement in function as well as greater improve-
ments in strength compared to exercise alone.8-10 
Recent guidelines also recommend considering the 
treatment of myofascial trigger points in the man-
agement of SAPS,5 which have been identified as a 
common source of symptoms in patients with unilat-
eral, non-traumatic shoulder pain.15 

Dry needling is an emerging treatment technique in 
which a monofilament needle is inserted in areas of 
trigger points resulting in a local twitch response (con-
traction of the muscle). Several systematic reviews 
suggest measured benefits related to dry needling 
in multiple body areas in order to reduce pain and 
improve function.24-26 A 2015 systematic review spe-
cifically of dry needling for neck and shoulder pain 
recommended dry needling for treating trigger point 
pain in the short- and intermediate-term effects.27 
More recent evidence on the effectiveness of dry nee-
dling for SAPS is mixed.  A 2017 randomized clinical 
trial found large between group effect sizes in shoul-
der disability favoring the addition of dry needling to 
a therapeutic exercise program at 3-month, 6-month, 
and 12-month follow-up.28 However another 2017 
trial found no intermediate- or long-term differences 
in pain or function between groups that receive indi-
vidualized physical therapy compared to individual-
ized physical therapy with dry needling.29 

Currently there is minimal information regard-
ing the process of utilizing dry needling as well 

as a lack of discussion regarding the framework 
of clinical reasoning in the application of dry nee-
dling throughout an episode of care for patients with 
SAPS. Moreover, it is possible that differences in the 
dry needling treatment parameters could explain 
the different outcomes between the two previ-
ously mentioned 2017 clinical trials.28,29 Studies are 
needed that specifically document the details of dry 
needling utilization including specific examination 
findings, treatment parameters, and individualized 
patient responses. Therefore, the purpose of this 
case series was to describe the use of dry needling, 
in conjunction with exercise, as a management strat-
egy for patients meeting clinical diagnostic criteria 
of SAPS and to observe the short and intermediate 
term effects of dry needling with therapeutic exer-
cise in this population. Additionally the authors dis-
cuss how a framework of clinical reasoning may be 
applied in the utilization of dry needling and exer-
cise in an examination-based pragmatic approach to 
treating patients with SAPS. 

METHODS

Patients
Twenty-five patients referred to physical therapy for 
shoulder pain met the inclusion and exclusion criteria 
(Table 1) and agreed to participate in this study after a 
formal informed consent process. Patients in this study 
received treatment between March and November of 
2014.  Patients were informed that the data collected 
during this study would be submitted for publication 
and that their information would be protected in accor-
dance with the U.S. HIPPA provisions. This study was 
approved by the IRB of Brooke Army Medical Center, 
Fort Sam Houston, Texas. 

Outcome Measures
The primary outcome measure used in this study 
was the Quick Disabilities of the Arm, Shoulder, and 
Hand (Q-DASH) survey which is reliable (Cronbach’s 
α .92-.95) and valid (Pearson’s correlation to Shoul-
der Pain and Disability Index .84), and is responsive 
to symptom and functional change across a num-
ber of shoulder pathologies.32 The Q-DASH includes 
eleven items scored on a 1-5 scale resulting in a 
value that is transformed to a 100-point scale. Higher 
scores on the Q-DASH indicate greater disability. 
The reported normative value of the Q-DASH in 
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the general population is 10.1 (SD 14.7)33 and the 
minimal clinically important difference (MCID) is a 
change of 15.9 points on the 100-point scale.34

Secondary outcome measures included the Numeric 
Pain Rating Scale (NPRS), shoulder abduction active 
range of motion (AROM), and the Global Rating 
of Change (GROC) scale. The NPRS is an 11-point 
numeric scale on which patients rate their worst level 
of pain in the last 24 hours, best level of pain in the 
last 24 hours, and their current level of pain. In this 
study, an average of these three reported values was 
used to represent a patient’s pain level as described by 
Michener.35 The reported MCID for the NPRS ranges 
from a 1.1-2.17 point change on the 11-point scale.35,36 
A change value of two points on the NPRS was used 
for the MCID. With the identified contributing factors 
in this patient population of working overhead and 
throwing,37,38 shoulder abduction AROM was selected 
as an objective measurement because it is a physi-
ological movement frequently required to get into the 
functional overhead position. We measured abduction 
AROM in standing as described by Muir et al.39 While 
supine AROM is reported to have greater reliability,39 
measuring in standing and rounding to the nearest 
5 degrees is more consistent with examination in 

clinical practice due to it being more functionally rel-
evant and clinically expedient. A Minimum Clinical 
Difference (MCD) of 11 degrees was used for stand-
ing shoulder abduction when performed by a single 
rater in this study.39 The GROC is a 15-point Likert 
scale whereby patients rate their perceived change 
in their condition.40 The scale ranges from -7 (“a very 
great deal worse”) to zero (“about the same”) to +7 (“a 
very great deal better”).  In this study, GROC scores of 
+3 (“somewhat better”) or greater were determined 
to represent clinically meaningful improvement.40 

Patients completed the Q-DASH and NPRS and the 
treating therapist measured shoulder abduction AROM 
at baseline and at the second and third treatment ses-
sions, then again at the four-week and three-month 
follow-up appointments. Patients provided their GROC 
at the second and third treatment sessions and at the 
four-week and three-month follow-up appointments. 
Outcome measures were assessed prior to additional 
intervention at each measurement interval. (Table 2)

Examination
After completing the baseline self-report question-
naires, patients participated in a comprehensive 
patient-focused interview and an appropriately 

Table 1. Inclusion and Exclusion Criteria.

Table 2. Outcome Measure Data Collection Timeline.
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tailored physical examination at a vigor based on the 
severity and irritability of symptoms.41,42 Clinical rea-
soning is required to prioritize diagnostic hypotheses, 
determine structures to be examined, choose the cor-
responding examination procedures and discern how 
interventions will be used to address findings from 
the examination. The initial physical examination 
included manual examination of physiologic active 
and passive shoulder range of motion (ROM), manual 
muscle testing (MMT) of the shoulder, impingement 
provocation tests,43 and careful palpation of soft tis-
sue structures including muscles and tendons in the 
shoulder region. Shoulder AROM, MMT, and impinge-
ment provocation tests were performed with the 
patient in standing, while passive shoulder ROM was 
evaluated with the patient lying supine on an exami-
nation table with the examining therapist observing 
and documenting changes in symptoms with each 
examined motion. Palpation of anterior musculature 
performed with the patient lying in supine included 
the pectoralis major and minor, anterior and middle 
deltoid, coracobrachialis, and biceps muscles. Palpa-
tion of posterior musculature performed with the 
patient lying in prone included the supraspinatus, 
infraspinatus, teres minor and major, posterior del-
toid, latissimus dorsi, rhomboid minor and major, 
lower/middle/upper trapezius, cervical paraverte-
bral, and thoracic paravertebral muscles.  

Careful and thorough palpation was conducted by 
the examining therapist for the identification of trig-
ger point taut bands and/or areas that reproduced 
the patients’ familiar symptoms.22,23 Some discomfort 
is not uncommon when palpating muscles so it was 
important for the therapist in these cases to differenti-
ate between what was potentially “normal” discomfort 
and areas that produced the patients’ familiar symp-
toms. These areas were documented by the therapist 
based on the level of pain and how closely it correlated 
with the patients’ familiar symptoms. This allowed 
the physical therapist to prioritize muscles and trig-
ger points for treatment during the first visit. Primary 
trigger points were identified in muscles where taut 
bands were more pronounced and/or muscles which 
most closely produced the patients’ familiar symptoms 
upon palpation. Secondary trigger points were classi-
fied by the presence of taut bands and/or symptom 
production with a lesser degree of correlation to the 
patients’ familiar symptoms. All patients participating 

in this study had at least one area upon palpation that 
met the criteria for a trigger point.

At each visit, the physical therapist re-evaluated the 
previous relevant findings and added to the exami-
nation by incorporating examination of the cervical 
spine, thoracic spine, rib cage and elbow. If these 
adjacent regions were judged to be contributing to the 
patient’s shoulder complaint, intervention in the form 
of joint mobilization, soft tissue mobilization, nerve 
glides, or exercise were added to the plan of care pro-
gram.  The most commonly used manual examination 
of passive accessory motions of the shoulder included 
superior-to-inferior, anterior-to-posterior, and poste-
rior-to anterior glides of the head of the humerus in 
the glenoid and nerve mobility.44  At successive treat-
ment sessions, the physical therapist also reassessed 
previously identified trigger points, examined for new 
trigger points, and re-prioritized treatment based on 
evaluation of the relative contribution to the patients 
ongoing symptoms and functional limitations. 

Interventions
The treatment approach in this study consisted of dry 
needling into trigger points within the region of the 
shoulder followed by the integration of upper quarter 
strengthening and range of motion exercises9,10,45 to 
address specific impairments identified upon exam-
ination. One physical therapist with seven years of 
clinical experience completed all the examinations 
and interventions on the patients. The physical thera-
pist had three years of dry needling experience (2010-
2013, Level I/Level II Kinetacore certification), was 
board certified in orthopedics, and was participating 
in a full time, orthopedic manual physical therapy 
fellowship training program at the time of the study. 
The clinical reasoning integral to the fellowship train-
ing was used in the examination and treatment pro-
gression of all patients in this observational study.

Dry Needling: The technique included insertion of 
a sterile, disposable, solid filament needle (Seirin 
Corp., Shizuoka, Japan) into the identified muscles. 
The size of the needle was either 0.30x50 mm or 
0.30x60 mm based on the location of the muscle, 
the amount of muscle mass, and the amount of sub-
cutaneous tissue that required penetration to reach 
the trigger point. Clean technique was used through-
out all treatment procedures which involved hand 
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washing; use of clean, latex-free exam gloves; and 
cleaning the patient’s skin with an alcohol swab 
prior to treatment.46 The treating physical therapist 
administered dry needling to the muscles identified 
during the examination as having taut bands and/
or palpable areas within the muscle that reproduced 
the primary shoulder symptoms of each patient. 
Each needle insertion lasted approximately five sec-
onds using a sparrow pecking (in and out motion) 
technique.47 Routine examination also included pal-
pation of the cervical and thoracic paravertebral 
muscles; however, none of the patients in this study 
had identifiable trigger points in these areas. The tai-
lored treatment approach continued by determining 
the patient’s intra- and inter-session response to each 
application of dry needling and progressing exami-
nation and treatment accordingly. For example, at 
initial examination the physical therapist may have 
found three or more muscles with trigger points 
that correlated with a patient’s symptoms however, 
dry needling treatment at the initial visit typically 
did not include more than two muscles. Prioritizing 
treatment to those areas thought to be most directly 
related to the presenting symptoms and functional 
impairment and limiting the number of trigger points 
treated allowed careful assessment of the results of 
treatment before providing additional treatment. 
Muscles identified as primary areas of trigger points 
sometimes required treatment at more than one 
visit. After treating the primary trigger points, the 
physical therapist would move on to treat secondary 
trigger points if they were still present.  Appendix 
1 provides the total number of visits in which each 
patient received dry needling, which muscles each 
patient received needling to at each visit, and how 
many trigger points were treated within each muscle.  
At each follow up, patients were questioned about 
adverse events following dry needling treatment. 

Dry needling was explained to the patients as a treat-
ment that consisted of inserting a thin needle into 
muscles that were identified as painful during the 
examination with the intent of eliciting contractions 
of the muscles. It was discussed with the patients 
that the desired effect of the treatment was to reduce 
pain and improve their movement and function. 

Therapeutic Exercise: To observe the short-term 
effects of dry needling in this study, strengthening 

and range of motion exercises were not introduced 
until after measuring outcomes at the third patient 
visit. The treating physical therapist selected exer-
cises that reinforced the dry needling treatments 
by addressing muscular weakness and movement 
impairments identified in the examination. Prior 
to leaving the clinic patients performed their exer-
cises with the supervision of the physical therapist 
to assess performance and to ensure that the exer-
cises did not provoke symptoms.48 The carefully con-
structed exercise program evolved over the course 
of several appointments with the progression of 
exercises in volume or intensity or the addition of 
one or two exercises added at each appointment. 
The total number of exercises for each patient was 
based on impairments to strength and movement 
and each patient’s ability to learn and perform exer-
cise. Patients were instructed to perform strength-
ening exercises in three sets of ten repetitions in a 
range that did not provoke increased pain, with sets 
spread throughout the day, rather than back-to-back, 
if this allowed improved tolerance. Patients were 
instructed to perform movement exercises for five to 
ten repetitions in the morning, afternoon, and eve-
ning by moving the shoulder to the point of an initial 
increase of symptoms and holding in that position for 
30 seconds, attempting to move a little further into 
the range during that period of time, without provok-
ing a significant increase in symptoms. Each patient 
received an exercise tracking log to record exercise 
compliance. Appendix 1 also identifies the exercises 
prescribed to each patient over the course of the 
study. Patients used either a cane or the hand of their 
uninvolved side to help with movement exercises as 
needed. All strengthening exercises employed elastic 
bands or body weight for resistance. 

OUTCOMES
Table 3 summarizes the demographics of the patients 
that participated in the study. Twenty-one out of 
the 25 patients in this case series were able to com-
plete all outcome measures for all time points. Table 
4 provides a complete accounting of the Q-DASH, 
NPRS, AROM, and GROC outcomes for each patient. 
Figure 2 shows the mean changes in Q-DASH and 
abduction AROM for all patients in the case series. 
No patients reported any adverse events other than 
localized pain during the dry needling treatment 
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and minimal localized bruising following treatment. 
No patients required additional medical care or addi-
tional medications as a result of receiving dry nee-
dling treatment.

Q-DASH: After two dry needling treatments, 21 out 
of 24 patients reported improvement in Q-DASH 
scores ranging from 4.5 to 38.6 points lower than 
their baseline scores, with 8 of 24 (33%) exceeding 
the MCID of 16 points. At 3 months, 19 of 22 demon-
strated improvements in the Q-DASH ranging from 
0.1 to 54.5 points lower than their baseline scores, 
with 11 of 22 (50%) exceeding the MCID. (Figure 1)

NPRS: At the third visit 22 of 24 patients reported 
reduced pain on the NPRS ranging from 0.7 to 6.7 
points less compared to baseline with 8 of 24 (33%) 
meeting the MCID. One patient reported a 0.6-point 
increase and another reported a 2.6-point increase 
in pain on the NPRS at the third visit. At 3 months 
20 of the 22 patients reported improvement on the 

NPRS ranging from 0.4 to 6.3 points on the 11-point 
scale with 13 of 22 (59%) meeting the MCID. 

Abduction AROM: Eighteen of 24 patients demon-
strated limitation to abduction AROM at the initial 
examination. After two dry needling treatments, 15 
of 18 patients with movement limitations at initial 
examination demonstrated improvement in their 
abduction AROM ranging from 10 degrees to 120 
degrees compared to baseline, with 10 of the 18 (56%) 
exceeding the MCID. No patients experienced wors-
ening AROM compared to baseline after the initial 
two dry needling treatments. At the 3-month follow-
up, 14 of 16 (88%) patients with AROM impairments 
at baseline demonstrated improvements in abduc-
tion that exceeded the MCID. After demonstrating 
improvements in abduction AROM exceeding the 
MCID at the 2nd and 3rd visits, one patient (#20) had 
worse AROM at the 3-month follow-up. One patient 
(#19) demonstrated no changes in abduction AROM 
at any time point. 

Table 3. Patient Demographics.
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Table 4. Individual Outcomes at Each Data Collection Point.
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GROC:  After two dry needling treatments, 15 of 24 
patients (63%) reported GROC scores of +3 or greater, 
eight of 24 (33%) reported GROC scores of 0 to +2, 
and one of 24 (4%) reported a GROC score of -5. At 
the 3-month follow-up two patients reported GROC 
scores of 0 and one reported a score of -1, while 19 
of 22 patients (86%) reported GROC scores of +3 or 

greater, with 13 reporting they were “a great deal bet-
ter” (+6) or “a very great deal better” (+7). (Figure 2)

DISCUSSION
To the authors’ knowledge, this is the first large 
case series describing the pragmatic application of 
dry needling and exercise for patients with SAPS. 

Table 4. Individual Outcomes at Each Data Collection Point. (continued)
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Thirteen of twenty-four patients (54%) reported 
clinically meaningful improvements on the Q-DASH 
after two dry needling treatments. At 3 months, 16 
of 22 patients (72%) reported improvement on the 
Q-DASH that surpassed the MCID. 

Some muscles had multiple trigger points that each 
warranted treatment. The reported frequency of 
muscles needled in this study (Appendix 1) repre-
sents each time a needle was inserted into a muscle 
to treat a trigger point. For the patients in this case 
series, the supraspinatus and the pectoralis minor 
muscles were the most frequent locations of trigger 
points. Because primary trigger points sometimes 
required more than one treatment session to resolve, 
these muscles were needled most frequently.

A strength of this case series is that the design pro-
vided an opportunity to observe the immediate effects 
of dry needling in isolation since exercises were with-
held until the third visit and after the third measure 
of the dependent variables. In typical clinical practice, 
we would prescribe appropriate individualized exer-
cises immediately following dry needling at the initial 
treatment session. We observed that with two applica-
tions of dry needling, some patients experienced rapid 
improvements in pain, function, and shoulder motion 
(Table 4). It is possible that treatment expectations or 
a placebo effect contributed to the positive responses 
reported and demonstrated by the patients.  Perhaps 
the pain relief observed with the dry needling provides 
a window of decreased symptoms to initiate exercise for 
additional movement and strength gains. An interest-
ing observation was the rapid improvements in motion 
for patients who presented with movement impair-
ments. These improvements may be due to changes 
in rotator cuff guarding through range because of the 
dry needling. These changes decreased the number of 
movement exercises required and may have facilitated 
a more rapid introduction of strengthening exercises 
through the improved range of motion. After the ini-
tiation of exercise, patients appeared to continue to 
improve consistent with the reported outcomes and 
prognosis for patients with SAPS treated with an exer-
cise program.8,13,49 

The four-week and three-month outcomes of this case 
series are similar to outcomes reported in previous 
studies examining exercise and manual therapy for 
patients with SAIS.9,10,45 However, the previous studies 

Figure 1. Primary y-axis (on left): Mean changes in Q-DASH 
from Baseline to 3-Month Follow-up. Secondary y-axis (on 
right): Mean changes in Abduction AROM from Baseline to 
3-Month Follow-up.

Figure 2. Global Rating of Change Scores (GROC)

+7, A very great deal better
+6, A great deal better
+5, Quite a bit better 
+4, Moderately better
+3, Somewhat better – Set as the 
MCID for this study.
+2, A little bit better
+1, A tiny bit better (almost the 
same)
  0, About the same
-1, A tiny bit worse (almost the 
same)
-2, A little bit worse
-3, Somewhat worse
-4, Moderately worse
-5, Quite a bit worse
-6, A great deal worse
-7, A very great deal worse

NOTE:
2nd Visit: 8 patients reported 
GROC +3 or greater; 13 patients 
reported 0 thru +2; 2 patients 
reported less than 0
3rd Visit: 14 patients reported 
GROC +3 or greater; 8 patients 
reported 0 thru +2; 1 patient 
reported less than 0
4-Week Follow-up: 16 patients 
reported GROC +3 or greater; 4 
patients reported 0 thru +2; 1 
patient reported less than 0
3-Month Follow-up: 12 patients 
reported GROC +3 or greater; 2 
patients reported 0 thru 2; 1 
patient reported less than 0
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did not report immediate (within the first three visits) 
outcomes as described in this study. The improve-
ments in ROM, shoulder function and pain reported 
by most, but not all, patients within the first two vis-
its suggests dry needling may be a useful adjunct to 
exercise for some patients with a clinical diagnosis 
of SAPS. These findings may suggest a subgroup of 
patients meeting the clinical diagnosis of SAPS that 
are more responsive to dry needling interventions. 

This case series utilized an examination and impair-
ment-based treatment approach using consistent clini-
cal reasoning. Information derived from the interview 
revealed the likely tolerance of the patient to examina-
tion and treatment. The physical therapist’s assessment 
of symptom location and behavior, functional limita-
tions, palpable trigger points, physiologic and acces-
sory shoulder and spine range of motion, and shoulder 
muscle function determined the type, focus, duration, 
and dose of the interventions. Detailed ongoing assess-
ment of patient status revealed the response to selected 
interventions and intervention sessions.42 The treating 
physical therapist applied clinical reasoning based on 
this ongoing assessment to determine when and what 
to dry needle as well as the type and dose of exercises 
that would be most appropriate for each patient. 

The potential for other body regions and disorders to 
contribute to the signs and symptoms attributed to 
SAPS as well as variance in the clinical presentation of 
impingement syndrome underscores the importance 
of performing a thorough examination that guides 
impairment-based intervention. This approach may 
provide a more direct path to functional improvement 
than a protocol-based intervention based on a specific 
diagnosis. In clinical practice, a patient diagnosed with 
SAPS may present with trigger points as well as limi-
tations in joint mobility that would respond to both 
dry needling and other forms of physical therapy such 
as manual mobilization in addition to exercise. The 
observations from this study provide preliminary evi-
dence that utilizing dry needling early in the interven-
tion process for patients with SAPS may be beneficial; 
however, it also suggests that dry needling may not 
provide the same level of benefit to all patients. In this 
case series, each patient received dry needling based 
on clinical reasoning and matched interventions to the 
impairments identified during examination. Despite 
having GROC scores of +3 or greater at the 3-month 

follow-up, patients 1, 13, 15, and 24 each demon-
strated improvements in ROM but never obtained full 
abduction AROM, possibly indicating that this group 
may have benefitted from additional movement-
based interventions such as manual physical therapy. 
Given the potential for rapid improvements with dry 
needling as seen in the majority of these patients, one 
approach would be to address primary trigger points 
with 1-2 appropriately matched movement and/or 
strengthening exercises at the initial visit to reinforce 
the initial benefit of dry needling. Upon follow-up, 3-5 
days later, if the patient has a positive response to the 
dry needling and exercise combination, but continues 
to have joint mobility deficits, dry needling treatment 
could be continued and progressed to additional trig-
ger points while also initiating joint mobilization and 
reinforcing assisted active ROM exercises. Alterna-
tively, if the patient does not have a positive response 
to dry needling, while still re-assessing trigger points 
and possibly progressing dry needling, greater empha-
sis may be placed on more thorough manual joint 
mobility assessment and treatment followed by the 
appropriate reinforcing exercises. Table 5 presents a 
potential treatment pathway based on patient presen-
tation for this treatment model.

The authors acknowledge several limitations in this 
study. First, the observational design of a case series 
prevents the inference of any cause and effect rela-
tionships related to the reported outcomes. Second, 
due to the nature of the applied interventions, the 
therapist and patient were not blinded to the treatment 
received and, consistent with typical clinical practice, 
the treating physical therapist was responsible for 
describing the treatment which could also impact the 
self-report primary (Q-DASH) and secondary (NPRS 
and GROC) outcome measures. Third, generalizability 
of the results is limited due to a single therapist per-
forming all examinations, interventions, and collection 
of outcome measures. Additionally, all patients in this 
case series were active duty service members or their 
beneficiaries and received care at the same facility. 
Despite the limitations of this case series, the results 
are encouraging for dry needling as a precursor and 
adjunct to exercise for treating patients with SAPS. 

CONCLUSIONS
This case series describes the outcomes of dry nee-
dling combined with exercise for patients with SAPS 
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and provides discussion on the framework of clini-
cal reasoning used in the clinical application of dry 
needling. With the current substantial evidence 
supporting exercise for patients with SAPS and lim-
ited evidence that manual therapy may increase 
the effects of exercise interventions, future studies 
should focus on determining if dry needling adds to 
these effects in a meaningful way. Variables such as 
chronicity of symptoms, mechanism of injury, job/
sport requirements, joint versus muscular impair-
ments, age, gender, other health impairments, and 
other factors may prove to be indicators of patients 
that would or would not benefit from dry needling for 

SAPS. Future studies should also focus on identifying 
subgroups within this patient population that would 
be likely to respond favorably to dry needling inter-
vention as part of a comprehensive treatment plan. 

REFERENCES
1. Luime JJ, Koes BW, Hendriksen IJ, et al. Prevalence 

and incidence of shoulder pain in the general 
population; a systematic review. Scand J Rheumatol. 
2004;33(2):73-81.

2. Meislin RJ, Sperling JW, Stitik TP. Persistent 
shoulder pain: epidemiology, pathophysiology, and 
diagnosis. Am J Orthop (Belle Mead NJ). 2005;34(12 
Suppl):5-9.

Table 5. Possible subacromial pain syndrome treatment pathway with dry needling, based on patient 
presentation.



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 648

3. Walsworth MK, Doukas WC, Murphy KP, Bimson W, 
Mielcarek BJ, Michener LA. Descriptive analysis of 
patients undergoing shoulder surgery at a tertiary 
care military medical center. Mil Med. 
2009;174(6):642-644.

4. Wofford JL, Mansfi eld RJ, Watkins RS. Patient 
characteristics and clinical management of patients with 
shoulder pain in U.S. primary care settings: secondary 
data analysis of the National Ambulatory Medical Care 
Survey. BMC Musculoskelet Disord. 2005;6:4.

5. Diercks R, Bron C, Dorrestijn O, et al. Guideline for 
diagnosis and treatment of subacromial pain 
syndrome: a multidisciplinary review by the Dutch 
Orthopaedic Association. Acta Orthop. 
2014;85(3):314-322.

6. Morrison DS, Frogameni AD, Woodworth P. Non-
operative treatment of subacromial impingement 
syndrome. J Bone Joint Surg Am. 1997;79(5):732-737.

7. van der Sande R, Rinkel WD, Gebremariam L, Hay 
EM, Koes BW, Huisstede BM. Subacromial 
impingement syndrome: effectiveness of 
pharmaceutical interventions-nonsteroidal anti-
infl ammatory drugs, corticosteroid, or other 
injections: a systematic review. Arch Phys Med 
Rehabil. 2013;94(5):961-976.

8. Hanratty CE, McVeigh JG, Kerr DP, et al. The 
effectiveness of physiotherapy exercises in 
subacromial impingement syndrome: a systematic 
review and meta-analysis. Sem Arthr Rheum. 
2012;42(3):297-316.

9. Rhon DI, Boyles RB, Cleland JA. One-year outcome 
of subacromial corticosteroid injection compared 
with manual physical therapy for the management 
of the unilateral shoulder impingement syndrome: a 
pragmatic randomized trial. Ann Intern Med. 
2014;161(3):161-169.

10. Bang MD, Deyle GD. Comparison of supervised 
exercise with and without manual physical therapy 
for patients with shoulder impingement syndrome. 
J Orthop Sports Phys Ther. 2000;30(3):126-137.

11. Kromer TO, de Bie RA, Bastiaenen CH. Effectiveness 
of individualized physiotherapy on pain and 
functioning compared to a standard exercise protocol 
in patients presenting with clinical signs of 
subacromial impingement syndrome. A randomized 
controlled trial. BMC Musculoskelet Disord. 2010;11:114.

12. Dorrestijn O, Stevens M, Winters JC, van der Meer 
K, Diercks RL. Conservative or surgical treatment for 
subacromial impingement syndrome? A systematic 
review. J Shoulder Elbow Surg. 2009;18(4):652-660.

13. Kuhn JE. Exercise in the treatment of rotator cuff 
impingement: a systematic review and a synthesized 
evidence-based rehabilitation protocol. J Shoulder 
Elbow Surg. 2009;18(1):138-160.

14. Ginn KA, Cohen ML. Exercise therapy for shoulder 
pain aimed at restoring neuromuscular control: a 
randomized comparative clinical trial. J Rehabil Med. 
2005;37(2):115-122.

15. Bron C, Dommerholt J, Stegenga B, Wensing M, 
Oostendorp RA. High prevalence of shoulder girdle 
muscles with myofascial trigger points in patients 
with shoulder pain. BMC Musculoskelet Disord. 
2011;12:139.

16. Ge HY, Fernandez-de-Las-Penas C, Yue SW. 
Myofascial trigger points: spontaneous electrical 
activity and its consequences for pain induction and 
propagation. Chin Med. 2011;6:13.

17. Simons DG, Travell JG, Simons LS, Travell JG. Travell 
& Simons’ myofascial pain and dysfunction : the trigger 
point manual. 2nd ed. Baltimore: Williams & Wilkins; 
1999.

18. Shah JP, Danoff JV, Desai MJ, et al. Biochemicals 
associated with pain and infl ammation are elevated in 
sites near to and remote from active myofascial trigger 
points. Arch Phys Med Rehabil. 2008;89(1):16-23.

19. Shah JP, Gilliams EA. Uncovering the biochemical 
milieu of myofascial trigger points using in vivo 
microdialysis: an application of muscle pain 
concepts to myofascial pain syndrome. J Bodyw Mov 
Ther. 2008;12(4):371-384.

20. Dommerholt J. Dry needling - peripheral and central 
considerations. J Man Manip Ther. 2011;19(4):223-
227.

21. Hsieh YL, Yang SA, Yang CC, Chou LW. Dry needling 
at myofascial trigger spots of rabbit skeletal muscles 
modulates the biochemicals associated with pain, 
infl ammation, and hypoxia. Ev Based Complement Alt 
Med : eCAM. 2012;2012:342165.

22. Tough EA, White AR, Richards S, Campbell J. 
Variability of criteria used to diagnose myofascial 
trigger point pain syndrome--evidence from a review 
of the literature. Clin J Pain. 2007;23(3):278-286.

23. Lucas N, Macaskill P, Irwig L, Moran R, Bogduk N. 
Reliability of physical examination for diagnosis of 
myofascial trigger points: a systematic review of the 
literature. Clin J Pain. 2009;25(1):80-89.

24. Gattie E, Cleland JA, Snodgrass S. The effectiveness 
of trigger point dry needling for musculoskeletal 
conditions by physical therapists: A systematic 
review and meta-analysis. J Orthop Sports Phys Ther. 
2017;47(3):133-149.

25. Boyles R, Fowler R, Ramsey D, Burrows E. 
Effectiveness of trigger point dry needling for 
multiple body regions: a systematic review. J Man 
Manip Ther. 2015;23(5):276-293.

26. Kietrys DM, Palombaro KM, Azzaretto E, et al. 
Effectiveness of dry needling for upper-quarter 



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 649

myofascial pain: a systematic review and meta-
analysis. J Orthop Sports Phys Ther. 2013;43(9):620-634.

27. Liu L, Huang QM, Liu QG, et al. Effectiveness of dry 
needling for myofascial trigger points associated 
with neck and shoulder pain: a systematic review 
and meta-analysis. Arch Phys Med Rehabil. 
2015;96(5):944-955.

28. Arias-Buría JL, Fernández-de-Las-Peñas C, Palacios-
Ceña M, Koppenhaver SL, Salom-Moreno J. 
Exercises and Dry Needling for Subacromial Pain 
Syndrome: A Randomized Parallel-Group Trial. 
J Pain. 2017;18(1):11-18.

29. Pérez-Palomares S, Oliván-Blázquez B, Pérez-
Palomares A, et al. Contribution of Dry Needling to 
Individualized Physical Therapy Treatment of 
Shoulder Pain: A Randomized Clinical Trial. J Orthop 
Sports Phys Ther. 2017;47(1):11-20.

30. Osborne NJ, Gatt IT. Management of shoulder 
injuries using dry needling in elite volleyball 
players. Acupunct Med. 2010;28(1):42-45.

31. Ingber RS. Shoulder impingement in tennis/
racquetball players treated with subscapularis 
myofascial treatments. Arch Phys Med Rehabil. 
2000;81(5):679-682.

32. Angst F, Schwyzer HK, Aeschlimann A, Simmen BR, 
Goldhahn J. Measures of adult shoulder function: 
Disabilities of the Arm, Shoulder, and Hand 
Questionnaire (DASH) and its short version 
(QuickDASH), Shoulder Pain and Disability Index 
(SPADI), American Shoulder and Elbow Surgeons 
(ASES) Society standardized shoulder assessment 
form, Constant (Murley) Score (CS), Simple Shoulder 
Test (SST), Oxford Shoulder Score (OSS), Shoulder 
Disability Questionnaire (SDQ), and Western Ontario 
Shoulder Instability Index (WOSI). Arthritis Care Res. 
2011;63 Suppl 11:S174-188.

33. Hunsaker FG, Cioffi  DA, Amadio PC, Wright JG, 
Caughlin B. The American academy of orthopaedic 
surgeons outcomes instruments: normative values 
from the general population. J Bone Joint Surg Am. 
2002;84-A(2):208-215.

34. Franchignoni F, Vercelli S, Giordano A, Sartorio F, 
Bravini E, Ferriero G. Minimal clinically important 
difference of the disabilities of the arm, shoulder 
and hand outcome measure (DASH) and its 
shortened version (QuickDASH). J Orthop Sports 
Phys Ther. 2014;44(1):30-39.

35. Michener LA, Snyder AR, Leggin BG. 
Responsiveness of the numeric pain rating scale in 
patients with shoulder pain and the effect of surgical 
status. J Sport Rehabil. 2011;20(1):115-128.

36. Mintken PE, Glynn P, Cleland JA. Psychometric 
properties of the shortened disabilities of the Arm, 

Shoulder, and Hand Questionnaire (QuickDASH) and 
Numeric Pain Rating Scale in patients with shoulder 
pain. J Should Elbow Surg. 2009;18(6):920-926.

37. Frost P, Andersen JH. Shoulder impingement 
syndrome in relation to shoulder intensive work. 
Occup Environ Med. 1999;56(7):494-498.

38. Lo YP, Hsu YC, Chan KM. Epidemiology of shoulder 
impingement in upper arm sports events. Br J Sports 
Med. 1990;24(3):173-177.

39. Muir SW, Corea CL, Beaupre L. Evaluating change in 
clinical status: reliability and measures of agreement 
for the assessment of glenohumeral range of motion. 
N Am J Sports Phys Ther. 2010;5(3):98-110.

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

41. Maitland GD, Edwards BC. Vertebral manipulation. 
5th ed. London ; Boston: Butterworths; 1986.

42. Baker SE, Painter EE, Morgan BC, et al. Systematic 
clinical reasoning in physical therapy (SCRIPT): tool 
for the purposeful practice of clinical reasoning in 
orthopedic manual physical therapy. Phys Ther. 2016.

43. Hegedus EJ, Goode AP, Cook CE, et al. Which 
physical examination tests provide clinicians with 
the most value when examining the shoulder? 
Update of a systematic review with meta-analysis of 
individual tests. Br J Sports Med. 2012;46(14):964-978.

44. Hengeveld E, Banks K. Maitland’s Peripheral 
Manipulation. 4th ed: Butterworth-Heinemann; 2005.

45. Rhon DI, Boyles RE, Cleland JA, Brown DL. A 
manual physical therapy approach versus 
subacromial corticosteroid injection for treatment of 
shoulder impingement syndrome: a protocol for a 
randomised clinical trial. BMJ open. 
2011;1(2):e000137.

46. Baima J, Isaac Z. Clean versus sterile technique for 
common joint injections: a review from the 
physiatry perspective. Curr Rev Musculoskel Med. 
2008;1(2):88-91.

47. Itoh K, Katsumi Y, Hirota S, Kitakoji H. Effects of 
trigger point acupuncture on chronic low back pain 
in elderly patients--a sham-controlled randomised 
trial. Acupunct Med. 2006;24(1):5-12.

48. Deyle GD, Gill NW. Well-tolerated strategies for 
managing knee osteoarthritis: a manual physical 
therapist approach to activity, exercise, and advice. 
Phys Sportsmed. 2012;40(3):12-25.

49. Lombardi I, Magri AG, Fleury AM, Da Silva AC, 
Natour J. Progressive resistance training in patients 
with shoulder impingement syndrome: a 
randomized controlled trial. Arthritis Rheum. 
2008;59(5):615-622.



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 650

Appendix 1. Specifi cs of treatment for each patient.



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 651

Appendix 1. Specifi cs of treatment for each patient. (continued)



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 652

Appendix 1. Specifi cs of treatment for each patient. (continued)



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 653

Appendix 1. Specifi cs of treatment for each patient. (continued)



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 654

Appendix 1. Specifi cs of treatment for each patient. (continued)



ABSTRACT

The Gluteus Maximus (GM) muscle is the largest and most powerful in the human body. It plays an impor-
tant role in optimal functioning of the human movement system as well as athletic performance. It is 
however, prone to inhibition and weakness which contributes to chronic pain, injury and athletic under-
performance. As such, understanding how to assess and treat GM dysfunction is an important aspect of 
sports science and medicine, as it has relevance for injury prevention, rehabilitation and performance 
enhancement. Despite GMs considerable importance there is little research attempting to translate evi-
dence into practice to support practitioners when faced with ‘sleepy glutes’. This clinical commentary dis-
cusses the importance of GM for athletic performance and injury risk; factors which contribute to GM 
dysfunction and then provides evidenced informed approaches to assess and treat GM dysfunction. This 
can be used as part of rehabilitation or injury prevention practices as well as athletic performance 
training. 

Level of Evidence: 5
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INTRODUCTION
In a normal functioning human, the gluteus maxi-
mus (GM) is the strongest and biggest muscle in the 
body. It is an important muscle, which has devel-
oped throughout human evolution to allow us to be 
able to maintain an upright erect posture. GM is an 
important muscle for activities of daily living, dis-
plays of explosive athletic performance, and stability 
of certain joints in the body. Unfortunately, GM is 
prone to weakness and inhibition, which negatively 
affects athletic performance and has been identified 
as the mechanism responsible (or linked to depend-
ing on strength of evidence) for numerous injury 
types and chronic pain.1-4 GM dysfunction could be 
a key factor in the increased injury risk apparent in 
those with previous injury. This clinical commen-
tary will review the role of GM in injury risk, its 
importance for optimal biomechanics and athletic 
performance and provide practical recommenda-
tions on how to assess and treat GM weakness and 
dysfunction.

ANATOMY AND FUNCTION OF GLUTEUS 
MAXIMUS MUSCLE AND ITS IMPLICATIONS 
IN INJURY RISK AND CHRONIC PAIN
GM is the largest muscle in the human body,5 
accounting for 16% of the total cross-sectional area.6 
Traditionally, GM was thought to originate at the pos-
terior quarter of the iliac crest, the posterior surface 
of the sacrum and coccyx, and to the fascia of the 
lumbar spine.7,8 Recent authors have also suggested 
attachments  originating from  the gluteus medius 
fascia, ilium, thoracolumbar fascia, erector spinae 
aponeurosis, dorsal sacroiliac and sacrotuberous 
ligaments, as well as the more traditionally known 
attachments at the sacrum and coccyx.9 The muscle 
runs inferiorly and laterally, splitting into two por-
tions, with the superior portion inserting into the 
iliotibial tract of the fascia lata and the inferior por-
tion inserting at the gluteal tuberosity of the femur.10

GM assumes three basic functions, to act as both a 
local and global stabilizer and to exert force (to per-
form global movement at the lumbopelvic region) 
as a global mobilizer. As a local stabilizer, the GM 
roles include segmental stabilization, of the a) lower 
back via its connection with the erector spinae and 
thoraco-lumbar fascia;11,12 b) sacroiliac joint (SIJ) by 
bracing and compression;13,14 c) in the lumbo-sacral 

region via co-contraction with the psoas major15,16 as 
well as d) femoral head stabilization in the acetabu-
lum via control of femoral head translation17 and e) 
due to its attachment into the iliotibial band, supe-
rior fibers of the GM may play a role in stabilizing 
the knee joint in extension. 

As a global stabilizer, the GM functions through 
eccentric and/or isometric actions to control range 
of motion across three planes of motion. Acting as a 
tri-planar stabilizer in movement, it acts to prevent 
trunk forward lean; trunk rotation (via working in 
conjunction with the contralateral latissimus dorsi 
as part of the posterior oblique system), stabilization 
of the pelvis during single leg stance, preventing 
adduction and internal rotation of the femur. Col-
lectively, the GM functions in conjunction with the 
other gluteal muscles (gluteus medius and gluteus 
minimus) to stabilize the hip by counteracting grav-
ity’s hip adduction torque and maintain proper leg 
alignment by eccentrically controlling adduction 
and internal rotation of the thigh.18,19 

As a global mobilizer, GM produces large amounts of 
force and power to contribute to hip extension and 
external rotation of the femur, while the superior 
fibers act to produce hip abduction torque, and the 
inferior fibers act to produce hip adduction torque. 

The human body is a linked mechanical system 
and the GM functions as part of a muscle system in 
conjunction with other muscles and muscle groups. 
GM has an array of functions which contribute to 
optimal movement and athletic performance. The 
neuromuscular system is designed to compensate to 
allow for movement in the presence of certain mus-
cle dysfunction. As such, when this muscle is dys-
functional it does not stop movement or necessarily 
elicit symptoms of injury as compensation occurs. 
However, the resultant altered intrinsic muscle coor-
dination and kinematics because of GM dysfunction 
may ultimately contribute to the numerous chronic 
‘biomechanical overload’ type injuries20 or to certain 
acute injuries when certain joints may be overcome 
through excessive force acting upon a compromised 
neuromuscular system (e.g., ACL injuries).21

Weakness of GM has been implicated in numerous 
injury types such as anterior knee pain,22,23 ante-
rior cruciate ligament injuries21 low back pain24,25 
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Pain and/or swelling 
Pain is considered a potent inhibitor of GM resulting 
in delayed and reduced GM activation with concur-
rent hamstring and low back compensation.15,27,36-38 
This includes pain from local areas such as the 
back25,37,38 and pain at body regions located away 
from the hip and pelvic region, such as the ankle.27 

This inhibitory effect is thought to act as a protec-
tive mechanism to preserve short term musculoskel-
etal health through limiting the ability for powerful 
movements. Hodges and Tucker39 proposed that pain 
may trigger neuromuscular changes with the intent 
of protecting the injured region of the body and 
minimizing the experience of pain. The authors pro-
posed these adaptations to include: redistribution of 
activity within or between muscles and changes in 
mechanical behavior including stiffness or modified 
movement patterns. The authors further suggested 
that changes occur at multiple levels of the ner-
vous system and may be additive, complementary 
or competitive. While these changes may provide 
short term pain relief and protection from further 
damage, they may have long-term implications on 
musculoskeletal health, re–injury risk and athletic 
performance. 

Swelling/joint inflammation is also thought to result 
in arthrogenic muscle inhibition.40 Freeman et al40 
mimicked the effects of arthrogenic inhibition fol-
lowing injury using fluid injection into the hip cap-
sule and showed clinically significant reductions in 
GM activation. 

ASSESSING GLUTEUS MAXIMUS FUNCTION

Assessing muscle strength 
Weak muscles have limited capacity to produce force 
in functional situations, which would be expected to 
result in synergistic dominance (adductor magnus 
and hamstrings in hip extension, biceps femoris and 
local hip external rotators, in external rotation).30 
As such, it is important to understand the muscle’s 
strength capacity. GM strength is typically assessed 
using a prone hip extension task, with the knee 
flexed to 90° (to minimize force contribution of the 
hamstrings, through active insufficiency).34 This is 
typically performed via manual testing for muscle 
strength, but we encourage the use where possible 
with a hand-held dynamometer.34 Other methods 

hamstring strains,26 femoral acetabular impinge-
ment syndrome17 and ankle sprains,27,28 and its weak-
ness/dysfunction may be a contributing risk factor 
to or the result of injury. 

WHY MAY GLUTEUS MAXIMUS BECOME 
DYSFUNCTIONAL?

Activity status and posture 
Understanding why GM becomes dysfunctional is 
important to understanding how to correct the under-
lying dysfunction and potentially reduce injury risk. 
Firstly, lifestyle is thought to be a major contributor 
to reduced activity of GM. It is thought prolonged 
sitting reduces the activation of GM and over time 
these muscles become atrophied and weak.10,29 This 
weakness of GM is thought to increased reliance on 
the secondary hip extensor muscles, such as the 
hamstrings and hip adductors to produce hip exten-
sion torque,30,31 clinically referred to as ‘synergistic 
dominance’.30 This is due to the human body utilizing 
the path of least resistance, which refers to utilizing 
the most energy efficient motor pattern regardless 
whether this uses what would be considered the pri-
mary agonist for that role.30 This would increase the 
relative demands placed upon the synergist muscles 
and potentially contribute to pain and strain injuries 
associated with these muscles. 

Furthermore, altered posture of the pelvis can influ-
ence the length-tension relationship of GM, as such, 
reducing its stabilizing capacity.32 Associated with 
hip flexor tightness and local core weakness is an 
anterior tilted pelvis, which elongates the GM and 
places the muscle in a mechanically disadvantaged 
position.8

Reciprocal inhibition and synergistic 
dominance 
Reciprocal inhibition of the GM, secondary to over-
activity of the hip flexor muscle group has been 
implicated to occur and lead to lower extremity 
injury.33-35 It has reported that those with reduced hip 
extension range of motion, and as such, tightness of 
the hip flexor muscles as measured via the modified 
Thomas Test, exhibited less GM activation and lower 
GM: biceps femoris co-activity during a bilateral 
squat, i.e. ‘synergistic dominance’, despite producing 
similar hip and knee extension moments.34 
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Assessing muscle activation 
Often GM can be strong but may present with 
reduced activation or delayed onset during func-
tional tasks.34 For example, those with short hip 
flexors (defined as less than zero degrees measured 
during the modified Thomas test), had two-fold less 
gluteal activation (assessed using surface electromy-
ography [sEMG]) during a bilateral squat than those 
with normal length hip flexors (defined as greater 
than 15° during the modified Thomas test), despite 
similar levels of GM strength under isolated testing 
situations (using prone hip extension strength with 
hand-held dynamometer as described above).34 Hav-
ing an understanding of both neuromuscular activa-
tion (ability to recruit the muscle versus a reference 
contraction) and muscle onset timing (e.g., is there 
a time delay versus other recruited muscles) during 
particular tasks can provide important information 
on GM’s function. 

Most research studies utilize sEMG to describe and 
understand voluntary activation of muscle.44-47 Clin-
ically however, this is not always possible (due to 
skill and/or budgets) or plausible (using sEMG in an 
applied clinical environment for athletes/patients is 
expensive and time consuming). Additionally, sEMG 
use has many limitations (e.g., cross-talk, reliability, 
signal interference, electrode movement/displace-
ment, assessing a specific portion of the muscle to 
refer to the whole muscle, normalization/reference 
tasks).48 As part of the assessment and treatment 
process, it is important to understand how active 

may include isometric or isokinetic assessment of 
hip extension strength using an isokinetic dyna-
mometer.41 A short lever bridge, performed either 
isometrically (timed) or dynamically (number of 
repetitions) can also provide an indication of GM 
muscle strength endurance capacity, which can be 
used clinically with ease and for regular monitoring 
(e.g., monitoring as part of a activation exercises or 
training session).42 

Movement analysis
Qualitative assessment of movement performance 
during sporting type tasks can provide an indication 
of GM function. The GM supports many functions of 
movement, and so, understanding its anatomy and 
function can support an understanding of its abil-
ity to optimally contribute to neuromuscular con-
trol. Inability to maintain limb control, evidenced 
by hip adduction and internal rotation may indicate 
the gluteal muscles are not functioning optimally 
(Figure 1).43 Subsequent assessment to delineate if 
the movement issues are motor control driven (e.g., 
due to altered motor patterns) or due to underly-
ing muscle dysfunction (e.g., a small weak muscle 
which does not sufficiently activate/generate force) 
is needed. Movement should be assessed during 
foundational motor pattern tasks such as the squat, 
deadlift, step up/down as well as during sporting 
type tasks such as landing, jumping and change of 
direction to get a more complete understanding of 
an individual’s movement performance. 

Figure 1. Qualitative assessment of movement patterns can allow for indication of specifi c muscle function. The femoral inter-
nal rotation and adduction (1a), and so medial knee displacement (1b) may indicate insuffi cient function of gluteal muscles, pre-
sented here by two young male athletes during a jumping and a deceleration task.
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on each factor will depend upon the athlete’s profile 
ascertained during the screening process. 

1. Restore optimal lumbopelvic stability and 
balance
Corrective work may be needed to address an ante-
rior pelvic tilt due to both weakness of the postural 
control muscles (e.g., GM, hamstrings, transversus 
abdominis, rectus abdominus) as well as tightness 
of the muscles which may result in an anterior tilt 
(e.g., rectus femoris, psoas, erector spinae). Addi-
tionally, over-activity of the hip-flexor muscles 
can result in reciprocal muscle inhibition of GM.34 
Therefore, these tight and/or short muscles should 
be relaxed, released and lengthened using a combi-
nation of manual release and flexibility techniques.50 
Self-massage techniques such foam rolling can be an 
effective method for increasing joint range of motion 
and performance in subsequent functional move-
ment tasks.50 Additionally, education of the patient 
maintaining static and dynamic pelvic control (e.g., 
ability to maintain pelvic alignment and stability in 
motion) is needed as part of this treatment strategy. 

Often following injury, the local stability system can 
be inhibited (e.g., Transversus Abdominis inhibition 
as discussed above),51 which may require the global 
stabilizers or mobilizers to function in a local stabil-
ity role.7,51 This altered coordination can have influ-
ence on the ability to recruit the GM. Therefore, it is 
essential that for optimal GM function, there should 
also be good core stability with optimal coordina-
tive control between the core stabilizing muscula-
ture. This program should focus on re-activating and 
integrating the local stability system and developing 
muscular strength and endurance capabilities of the 
global stabilizers (Figure 2). 

2. Strengthen the gluteus maximus muscle 
and integrate into motor pattern
As described previously, a weak GM muscle has 
limited capacity to produce force in functional sit-
uations, which would be expected to result in syn-
ergistic dominance.30 So, developing the strength 
and endurance capabilities of GM is essential for 
optimal functioning. Strengthening of any muscle 
group requires careful planning and well-designed 
progressions from less challenging to more chal-
lenging exercise. Ensuring a sufficient stimulus to 

GM is during various tasks and if it is working as 
the primary agonist during GM dominant tasks. One 
approach the authors use clinically, is to take the 
exercise task (e.g., single leg bridge) to the point of 
fatigue, which enables understanding of time/rep-
etitions to fatigue (as such the muscle strength/
endurance capacity) and which muscle (if any) is 
the first muscle to fatigue (as such typically the 
most active muscle during the exercise). This sup-
ports player/patient education, increased buy-in (a 
sense of an individualized approach) and optimized 
self-management (e.g., not reliant on external tech-
nology but internal perceptions). One particular test 
advised to utilize is the single leg bridge to fatigue, 
examining if the GM is the muscle to fatigue (e.g., 
primary agonist), and when it fatigues (e.g., muscle 
endurance capabilities, e.g., number of repetitions 
or time to failure). As the hamstrings are in a short-
ened position during a short lever bridge, synergistic 
dominance is typically indicated by cramping of the 
hamstring muscle31 (e.g., active insufficiency).

Pelvic alignment, mobility and stability
As support to understanding why the muscle may 
be dysfunctional, assessing pelvic alignment and 
stability and hip flexibility is important. Attaining 
data on standing and functional pelvic positioning 
(e.g., standing pelvic alignment) and control of the 
pelvis during movements such as bilateral squat, 
can provide an indication on mobility and dynamic 
stability of the pelvis. The authors advise the use of 
1) the modified Thomas test for hip flexibility;34 2) a 
standing posture analysis; 3) active straight leg raise 
for assessing hamstring flexibility and 4) assessment 
of pelvic alignment and control in functional move-
ments, specifically a bilateral squat/overhead squat.49

CORRECTING GLUTEAL WEAKNESS/
DYSFUNCTION – A HOLISTIC APPROACH
As discussed, GM dysfunction can be the result of 
many factors, and as such, it is advised to incor-
porate a holistic treatment approach to correct its 
dysfunction, ideally supported by the assessment 
techniques to ascertain the patient’s profile (e.g., 
weak GM or not, tight hip flexors or not etc.). Below, 
a proposed holistic treatment approach to correct 
GM dysfunction is presented. Although it is holis-
tic in nature, the degree of time and attention spent 
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exercises (≤70% MVC) for developing maximal 
eccentric strength and RFD is however, question-
able.60-63 It is now becoming accepted that adapta-
tions to moderate resistance training are specific 
to the high force aspect of the isometric force time 
curve63 do not enhance the slope of the force time61-63 

and also do not result in significant gains in maxi-
mal eccentric strength.60 Thus, balancing the use of 
load to failure and high load resistance training (e.g. 
>85% max force or ≤5 repetition maximum [RM]) 
may appear important to provide all round neuro-
muscular optimization, highlighting the need for 
effective training programming/periodization. 

Recently, there has been a body of research inves-
tigating the GM recruitment during various exer-
cises.28,45-47,64-67 This research has reported GM activation 
across various exercises including non-weight bear-
ing (NWB) exercises (such as the clam shell, bridge, 
planks), and more functional weight-bearing (WB) 
exercises (e.g., single leg squat, Romanian deadlift). 

Weight-bearing strengthening exercises
Weakness and dysfunction of GM may bring about 
changes in biomechanics and altered muscle 

bring about hypertrophy and improved strength is 
essential. Strength adaptations have been observed 
in training studies where the intensity of exercise 
ranged between 40% and 95% of maximal inten-
sity.52 Neuromuscular activation of 40-60% is recom-
mended as a minimum for a strengthening effect,53 
although it is apparent there is a dose-response rela-
tionship with greater gains in strength from exer-
cise which elicit higher neuromuscular activation 
values.54-56 Around 70% of activation is thought to 
elicit an optimal ‘strengthening’ effect and achieve 
desired adaptations in muscle morphology, such as 
hypertrophy.45,52,53,57 Traditionally, it was believed 
that very high loads were necessary to bring about 
activation of all type II motor units based on the 
Henneman size principle58 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 fibers and 
can achieve muscle hypertrophy and strength gains, 
provided the working set is continued close to voli-
tional fatigue.59 This would result in activation and 
fatigue of the respective motor units, with the addi-
tion of progressively larger motor units with time. 
The efficacy of low to moderate load strengthening 

Figure 2. Example of some local and global core stability exercises which should be included as part of the holistic programme, 
including single leg bridge with trunk on swiss ball (2a); front plank (2b); side plank (2c) and alternating leg lifts whilst stabilising 
trunk and pelvis on long foam roller (2d).
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stance leg in the frontal and transverse plane, which 
results in a high neural drive to the gluteus maximus, 
medius and other muscles of the lateral system and 
targets all roles of the muscle in a functional manner. 

One consideration with the use of WB exercises is in 
the presence of GM dysfunction (due to either pain, 
swelling, reciprocal muscle inhibition, synergistic 
dominance as discussed). In this situation GM acti-
vation may be reduced, so that the synergists are the 
muscles most active,34 thereby reducing the work 
load of GM and minimizing the stimulus for neu-
romuscular adaptation. Most studies have utilised 
healthy injury free participants when examining the 
typical voluntary activation of GM.  

The most common and typically adopted WB exercises 
for the GM include the squat, deadlift, step up and 
lunge, as well as their numerous variations e.g., split 
squat, single leg Romanian deadlift, lateral step up as 
shown in Figure 3. Understanding GM function and 
the use of appropriate programming and strategies can 
maximize the benefits of these foundational strength 
exercises. These strategies will be discussed below.

coordination. It is known that enhanced muscle 
strength does not directly transfer to enhanced func-
tional performance (kinetics and kinematics).68-70 
Instead, coordinative changes are required to be able 
make full use of the enhanced muscle strength.68 As 
such, motor pattern re-training is needed following/
alongside a corrective program to practice and re-learn 
the desired motor pattern using the ‘new’ muscles. 
This should involve WB foundational exercises with 
biofeedback (to teach and correct compensation strat-
egies). In addition, presuming appropriate technique, 
WB exercises such as single leg squats and deadlifts 
can produce higher levels of activation than isolated 
exercises such as the clam,71 thus been potentially 
more effective more muscle strengthening. The higher 
activation in WB movements is thought to be due to 
these exercises imposing greater movement demands 
on GM.72 In addition these single-leg stance exercises 
also require the gluteus medius, minimus and upper 
part of the GM to resist gravity’s hip adduction torque. 
As well as involving concentric and/or eccentric hip 
extension throughout a large range of motion, frontal 
plane pelvic stability, together with a control of the 

Figure 3. Examples of functional weight bearing exercises to train gluteus maximus. The appropriate technique is crucial to load 
the whole kinetic chain. Exercises included bilateral squat (3a), single leg Romanian deadlift (3b), single leg squat (3c), split squat/
lunge (3d), frontal step up (3e), lateral step up (3f). Each exercise can be loaded with additional weight to provide the necessary 
loading to develop strength.
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Ensure correct technique. During functional tasks, 
the GM must support body weight and pelvis in 
stance and prevent adduction and internal rotation 
of the femur.18,19 During WB exercises it is important 
to ensure optimal technique to 1) maximize GM acti-
vation and 2) maximize the motor pattern retraining 
benefi t. Powers73 discusses this relationship where 
trunk position, either in the sagittal or frontal plane, 
that moves the body center of mass (and resultant 
ground reaction force vector) away from the hip joint 
will increase the demand placed on the hip muscles. 
A knee or quadriceps dominant motor pattern (Fig-
ure 4) is thought to be the result of weak or under-
active hip extensors and preferential over-reliance 
on knee extensors. Greater hip muscle activation 
during jumping and running tasks occur with the 
trunk in a more fl exed position.74,75 As such, coaching 
the athlete in optimal movement strategies (e.g., 
optimal sagittal plane motor strategy and no pres-
ence of dynamic knee valgus or limb rotation) and 
providing biomechanical feedback are important to 
optimise motor patterning during WB tasks and 
accelerate the motor learning process (Figure 5).

Use of load. Most research examining GM activation 
in WB tasks have used body weight only. However, 
most studies typically do not quantify the extent of the 

maximal strength, and thus may work at lower than 
optimal intensities in certain WB exercises, thus result-
ing in lower than maximal activation values. Optimiz-
ing GM activation can at times be achieved by ensur-
ing the correct load/exercise is used to minimize 
compensations (due to being too heavy) or to elevate 
GM activation (e.g., addition of load to make harder). 
The addition of load and typical type of load can modu-
late activity. For example, in trained athletes, Foley 

Figure 4. An example of a knee/quadriceps dominant movement strategy with upright trunk, resulting in greater knee load. 
This is most commonly associated with the knee excessively positioned anterior to toes (4a). An optimal movement strategy bal-
ancing hip and knee contributions, with the knee slightly but not excessively over the toe and similar hip and knee fl exions (4b).

Figure 5. Use of real-time feedback for motor patterning 
technique on the sagittal plane using a system of high-speed 
cameras. Use of video-analysis techniques can facilitate dif-
ferent forms of feedback (from real time to delayed feedback) 
to the patient as part of movement education, as well as 
assessing motor performance. 
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et al.76 showed that body weight bilateral squat had GM 
activity of 78% during the eccentric phase, but 120% 
during the eccentric phase when using a 3RM load. 
Additionally, Contreras et al.66 reported peak EMG of 
85 and 130% EMG maximum of superior and inferior 
GM during the 10RM back squat. 

Use of bands. Use of bands can support elevated 
GM activation. It has been shown that performing a 
bilateral squat with a band around the knee can ele-
vate activation of GM and gluteus medius,76 due to 
maximizing the roles of the muscle (due to the need 
to perform extra work) (Figure 6).

Exercise variation. Variations of the foundation 
movements through incorporating an opposing 

resistance in the opposite limb, for example, includ-
ing the single leg RDL and pull (Figure 7) involves 
loading the hand opposite to the stance leg. The 
added rotary force stimulates the external rotator 
capability of the GM and medius and gives these 
exercises a multi-planar character. GM need to stabi-
lize the hip in the frontal (resisting gravity’s hip 
adduction torque) and transverse plane (preventing 
internal rotation of the thigh) and generate move-
ment in the sagittal plane (concentric/eccentric hip 
extension). Finally, these exercises also train the 
posterior oblique system in that force is transmitted 
forces from the ground through the leg and hip, 
across the SIJ via the thoracodorsal fascia, into the 
opposite latissimus dorsi. 

Figure 6. Example exercises of using a band during a bilateral squat (6a) or cable around the knee during a split squat (6b). The 
added resistance will force increased activation of gluteal muscles to prevent adduction and/or internal rotation of the femur. It 
also acts as a cue to train control of the limb and avoidance of dynamic knee valgus in functional movement tasks. 

Figure 7. Example of specifi c exercises. Double leg squat with one arm overhead resistance (7a) single leg Romanian deadlift 
with weight in opposite had to the stance limb (7b). The exercise challenges the rotation and load transfer requirements of the task 
and also challenges gluteus maximus as part of the posterior oblique system.
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Non-weight bearing exercises
NWB exercises involve performing specific exer-
cises on the ground. They have both strengths 
and weaknesses. The weaknesses include a lack of 
specificity and transference to functional exercises/
movement,70 as well as being time in-efficient (a 
body of time devoted to each specific muscle group, 
as opposed to targeting multiple muscle groups at 
once). The strengths of these exercises are that you 
can often target a specific muscle group in isola-
tion, which can be highly effective in the presence 
of specific muscle weakness or inhibition, or in load 
compromised athletes, during the early periods of 
rehabilitation after injury.

These NWB exercises may also serve as an effective 
pre-activation stimulus, supporting elevated force 
output of the muscle in functional and/sport-spe-
cific tasks,77 thus optimizing coordination and work/
load distribution in subsequent exercises.77 

NWB exercises should overload the muscle group 
using a specific action. As a mobilizer GM functions 
as a hip extensor (posterior and superior fibers), an 
external rotator of the femur and a secondary hip 
abductor. It is thought that maximizing the number 
of roles required for the muscle may support ele-
vated activation (e.g., exercises using external rota-
tion, abduction and hip extension).72 Additionally, 
it is important to note that even during NWB iso-
lated exercises, other muscle groups than GM will 
contribute (e.g., hamstrings and adductor magnus as 
hip extensors or biceps femoris during external rota-
tion). These muscles could potentially compensate 
(e.g., synergistic dominance). Particular techniques 
which can minimize the activation of other agonists, 
antagonists and/or synergists may maximize GM 
activation during these NWB exercises. For exam-
ple, the single leg bridge is a commonly utilized 
NWB exercise for GM and can be performed with 
differing knee angles. Performing the bridge with 
a straighter knee angle will result in greater ham-
string: GM activation ratios.47 In this situation, the 
hamstring will perform the most work and fatigue 
prior to GM, therefore, resulting in limited GM work 
and stimulus for adaptation. Altering the knee angle 
and using a short lever bridge (e.g., < 60%) has been 
shown to reduce activation of the hamstrings (due to 
active insufficiency), thereby reducing their ability 

to contribute to hip extension torques, resulting in 
GM becoming the primary activated agonist.47

Isolated exercises have minimal degrees of free-
dom, skill or motor learning. As such, their aim is to 
maximize muscle activation and endurance capacity 
of the muscle. The common exercises and images 
can be seen in Figure 8. Of note, one specific exer-
cise with emerging research as well as excellent use 
anecdotally in clinical practice is the barbell hip 
thrust. Contreras et al.66 reported peak EMG values 
of 172 and 216% maximum for superior and inferior 
GM respectively during the 10RM hip thrust which 
was significantly greater than that recorded during 
the back squat (85 vs 130% peak EMG, respectively). 
Thus, this has been an exercise of choice in those 
with GM dysfunction. 

3. Develop explosive neuromuscular 
performance and optimize sport-specifi c 
motor control
Improved biomechanics in sports-related tasks does 
not necessarily optimise biomechanics during actual 
sporting performance.78 Additionally, although opti-
mizing biomechanics during sporting tasks is impor-
tant to potentially reduce injury risk,79,80 athletic 
success is not just about quality of movement, but 
also dependent upon the ability to produce high lev-
els of force and power during sporting tasks. The 
biomechanical characteristics of sporting move-
ment are quite different from that of NWB and WB 
strength tasks discussed. Sporting movements such 
as changing direction, sprint running and jumping, 
as well as the stabilisation of the lower limb and pel-
vis in these high load actions, requires differ func-
tional demands. Differences include that sporting 
type movements often involve high velocity (sprint 
running), high loads (such as landing from a jump 
at 1.5 times body weight)81 fast stretch-shortening 
cycle actions and minimal ground contact times (50-
200 ms).82 As such, components of neuromuscular 
function including power, rate force development, 
optimal muscle pre-activation, optimal coordination 
at high movement speeds, and in unconscious sport-
specific situations are important factors for optimal 
‘sport specific’ neuromuscular function.

Ballistic exercise and plyometric type exercises as 
well as agility type drills are important and typically 
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mimic the velocity and/or time characteristics of 
sporting movement. Additionally, these exercises 
can produce high levels of eccentric RFD which 
may support the optimization of control in sporting 
tasks.81 There is limited research on activation of GM 
during certain sporting movements, however, of the 
available research, it is clear that the activations can 
be high, and substantially higher than other tasks, 
with the added benefit of task-specificity. Plyomet-
ric exercises such as change of direction and land 
and cut maneuvers were shown to result in very 
high activation values (> 100% EMG at maximum 
voluntary isometric contraction), with GM the most 
active of the lower limb muscles at between 200-
300% EMG maximum (reference was EMG during 
a maximal prone hip extension task).83 Further-
more, sprint running is a good stimulus to train the 

activation of GM and this movement involves high 
levels of coordination at rapid speeds. Activation 
values of GM have been reported to range between 
100-300% EMG maximum, depending on phase of 
running gait.26 Those with low GM recruitment dur-
ing sprint running were at heightened risk of sus-
taining a hamstring muscle injury.26 So, optimizing 
GM recruitment in sprinting could support a reduc-
tion in sprint related hamstring muscle injury.

Clearly, these movements are the most complex and 
specific, and as such, a reduction in activation due 
to inhibition may facilitate compensation (altered 
kinematics and/or internal muscle coordination). 
Recognizing the high activation values and potential 
benefit from sporting type movements is important 
and often under-appreciated. 

Figure 8. Non-weight bearing exercises for the gluteus maximus muscle including clam (8a), side leg raise in hip extension (8b), 
single leg bridge (8c), bilateral glute bridge (8d), side plank with abduction (8e), bird dog exercise (8f).
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providing clinicians with a resource to support prac-
tice in a common but often difficult problem, correc-
tion of GM dysfunction.
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ABSTRACT

Instrument assisted soft-tissue mobilization (IASTM) has become a popular myofascial intervention for 
sports medicine professionals. Despite the widespread use and emerging research, a consensus on c linical 
standards, such as a d escribing the intervention, indications, precautions, contraindications, tool hygiene, 
safe treatment, and assessment, does not exist. There is a need to develop best practice standards for 
IASTM through a universal consensus on these variables. The purpose of this commentary is to discuss 
proposed clinical standards and to encourage other sports medicine professionals and researchers to con-
tribute their expertise to the development of such guidelines.
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INTRODUCTION
Instrument assisted soft-tissue mobilization (IASTM) 
has become a popular myofascial intervention for 
sports medicine professionals. There are various 
IASTM companies such as RockTape®, HawkGrips®, 
Graston®, Técnica Gavilán®, Functional and Kinetic 
Treatment with Rehab (FAKTR)®, Adhesion Break-
ers®, augmented s oft-tissue mobilization or ASTYM®, 
and Fascial Abrasion Technique™ that each teach 
their own treatment approach and design their 
own instruments (e.g., specific material, instru-
ment shape). The popularity of IASTM has also 
prompted an emerging body of research on the effi-
cacy of IASTM. The largest amount of research has 
been from case series1-5 and case reports6-19 (Level 
4 evidence), which are limited due to their subjec-
tivity. Most of the case reports describe successful 
treatment of tendinopathies,2,4,7,8,10-13,16,18,20 arthro-
fibrosis17,21, and individua ls with cerebral palsy.22,23 
Recently, higher level controlled investigations 
have been published with researchers investigating 
the effects of IASTM on musculoskeletal patholo-
gies,18,21,24-27 trigger points,28 range of motion,29-32, post 
mastectomy,32 post total joint arthroplasty,31,33 and 
on various performance measures.18,24,25,29,30,34-38 

Recently, three systematic reviews have been 
published, which all appraised IASTM random-
ized controlled trials using similar search criteria, 
but reported mixed outcomes among the existing 
research.39-41 Lambert et al40 reported the results of 
seven qualified studies based upon their search cri-
teria. The researchers concluded IASTM may be an 
effective treatment intervention for reducing pain 
and improving function over a treatment span of less 
that three months for several different conditions of 
the spine, upper extremity, and lower extremity. 
Further, IASTM may provide myofascial release, 
interruption of nociception, and improve mobility 
of underlying tissue.40 Cheatham et al39 also reported 
the results of seven qualified studies, concluding the 
methodological variability among studies created 
a weakness in the knowledge regarding the thera-
peutic effects of IASTM. There appeared to be some 
evidence supporting IASTM producing short-term 
changes in joint range of motion (ROM).27 Nazarri 
et al41 reported on nine qualified studies and con-
cluded the current evidence does not support the 
use of IASTM to improve pain, ROM, or function in 

individuals with and without upper extremity, lower 
extremity, or spinal conditions. The mixed results 
among reviews demonstrates the variability among 
research methodology. Overall, a body of evidence 
does exist to support the clinical efficacy of IASTM 
but is still evolving. This will be further discussed in 
a later section.  

Despite the increase in IASTM companies and 
research, there seems t o be a lack of discussion 
regarding the clinical standards for the delivery of 
IASTM, such as describing th e intervention, indica-
tions, precautions, contraindications, tool hygiene, 
safe treatmen t, and assessment. A recent sear ch of 
peer reviewed literature (conducted June 2019) from 
electronic databases (i.e., PubMed, PEDro, Science 
Direct, and EBSCOhost) revealed few manuscripts 
discussing these topics. In contrast, another myofas-
cial intervention, the traditional eastern medicine 
instrument assisted massage technique of Gua sha,42 
has a body of literature discussing the intervention 
including treatment protocols,43 side effects,44-46 and 
safety standards.43 Currently, IASTM protocols may 
lack such stated guidelines, which creates a chal-
lenge for sports medicine professionals who admin-
ister IASTM as an intervention for clients with 
different musculoskeletal pathologies, as well as for 
researchers studying the effects of the technique. 

There is a ne ed to develop best practice standards for 
IASTM through a universal consensus of the topics 
noted in the prior section. The purpose o f this com-
mentary is to discuss proposed clinical standards, 
and to encourage other sports medicine profession-
als and researchers to contribute their expertise to 
the development of such guidelines. Due to the lack 
of standards, this commentary will synthesize and 
reference existing evidence from other manual and 
myofascial therapies as they relate to this discussion. 
The following sections will be divided into seven 
content areas discussing IASTM description, indica-
tions, precautions, contraindications, tool hygiene, 
safe treatmen t, and assessment. 

DESCRIPTION  
IASTM is a skilled myofascial intervention thought 
to be based upon the rationale by James Cyriax.1,2 
Unlike the Cyriax approach utilizing digital cross 
friction, IASTM is applied using specially designed 
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consider the Gua sha approach a form of IASTM, 
but the treatment rationale, goals, and application 
differs from the other IASTM approaches.42 The 
efficacy of Gua sha will not be reviewed except for 
specific studies that are relevant to this discussion. 

Given the lack of clarity, IASTM needs to also have 
a working description or explanation to clearly com-
municate the intervention to fellow sports medicine 
professionals and clients. A proposed description 
for IASTM may include the following: “Instrument 
assisted soft-tissue mobilization is a skilled intervention 
that includes the use of specialized tools to manipulate the 
skin, myofascia, muscles, and tendons by various direct 
compressive stroke techniques”. A working description 
such as this may provide a clear understanding of the 
intervention and may prevent confusion between 
IASTM and other similar paradigms with specific 
multimodal treatment protocols such as Graston® 
and ASTYM®. Thus, sports medicine professionals 
may want to describe IASTM as a tool technique only 
(e.g., “stroke”, treatment time, cadence, tool type), 
and then name a specific paradigm if the technique 
is used in conjunction with other predetermined 
interventions (stretching, exercise, other modali-
ties, etc.) as guided by the teachings of the instruct-
ing body/company. Professionals and researchers 
shoulder also consider using the Consensus on Exer-
cise Reporting Template (CERT) which provides an 
organized process of reporting clinical interventions 

instruments to provide a soft-tissue massage or 
mobilization.2 The use of the instrument is thought 
to provide a mechanical advantage for the clinician 
by allowing deeper tissue penetration, vibration 
feedback sense, and more specific treatment, while 
also reducing imposed stress on the hands.2-4 Using 
instruments for soft tissue mobilization is theorized 
to increase vibration sense by the clinician and 
patient. The increased perception of vibration may 
facilitate the clinician’s ability to detect altered tis-
sue properties (e.g., identify tissue adhesions) while 
facilitating the patient’s awareness of altered sensa-
tions within the treated tissues.2,5 

Despite the rationale behind the intervention, 
there seems to be a lack of a universal description 
for the term “IASTM”. Researchers have used the 
name IASTM5,16,17,19,28-30,36,39,40,47-57 and other names 
such as but not limited to: instrument assisted 
soft-tissue treatment,34 instrument assisted cross 
fiber massage,58 instrument assisted neuromo-
bilization,59 ASTYM®,18,20,23,27,32,33,37 and Graston® 

treatment.1,2,4,6-9,12,14,15,25,35,50,60,61 A large number of 
researchers have used the term Graston® to describe 
the intervention but appear to not follow the specific 
Graston-recommended treatment protocol which 
includes examination, warm-up, IASTM treatment, 
post treatment stretching, strengthening, and ice.49 
Cheatham et al39 in their review only found one clin-
ical trial that followed the complete Graston® treat-
ment paradigm. Perhaps, consistent nomenclature, 
such as using IASTM to represent an intervention 
using a specific manufacturer’s instruments and 
using the name of the paradigm or technique (e.g. 
Graston®, ASTYM®) to represent a pre-determined 
set of interventions would provide a clearer under-
standing for professionals and researchers. 

Additionally, Gua sha is another instrument assisted 
treatment system often grouped with the previously 
mentioned forms of IASTM, but is considered to be 
different.42 Gua sha is a popular eastern medicine 
treatment that traditionally uses a smooth edged 
instrument (e.g., water buffalo horn, honed jade, 
soup spoon) to scrape the skin until a red blemish 
appears.42,45 The redness (i.e., petechiae) caused by 
the scraping is believed to be blood stasis (Figure 1). 
The Gua  sha treatment is supposed to relieve blood 
stagnation and reduce pain.62 Professionals may 

Figure 1. Petechiae, as produced by different forms of instru-
ment soft-tissue mobilization.
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with other therapeutic interventions, while few 
describe IASTM used as a stand-alone intervention, 
or whether IASTM was performed with or without 
concurrent muscle activation. Due to the evidence 
level and subjective nature of case reports and case 
series, sports medicine professionals must carefully 
interpret the outcomes and clinical scenarios when 
considering integrating the findings into their clini-
cal practice. 

Clinical investigations on the therapeutic effects of 
IASTM have also been published. Several interven-
tion studies have reported favorable results with 
IASTM for carpel tunnel syndrome,25 myofascial trig-
ger points,28,34 chronic low back pain,53 non-specific 
thoracic spine pain,51 ankle instability,35 post mastec-
tomy,32 and post total joint arthroplasty.31,33 Observa-
tional studies have also shown favorable results with 
improving posterior shoulder range of motion,29 hip 
and knee ROM,30 and ankle ROM.38,54,64,65 Researchers 
have also demonstrated that pre-exercise IASTM had 
no significant effects on muscle performance mea-
sured by vertical jump height36,57 and 40-yard sprint 
speed.57

Physiological Effects 
Researchers have also found that IASTM changes 
local temperature60 and has an effect on two-point 
discrimination and pressure pain threshold.56,66 
IASTM treatment may also have the potential for 
stimulating connective tissue remodeling through 
resorption of excessive fibrosis, along with inducing 

using a 16-item checklist (in seven categories).63 A 
2017 commentary by Page, Hoogenboom, and Voight 
provides a more comprehensive discussion on this 
topic.63 The full citation can be found in the refer-
ence section of this manuscript. 

INDICATIONS
Currently, there is no consensus on the optimal 
IASTM intervention including: type of instrument, 
stroke technique, treatment parameters (e.g. time, 
angle, cadence), or applied pressure.39 Despite the 
lack of universal agreement on optimal treatment 
parameters, the existing literature does support the 
use of IASTM as a treatment for several conditions 
(Table 1), and its effects on different physiological 
functions. For IASTM as a treatment, the existing 
body of research is mixed with the largest amount 
coming from case series or reports (Level 4 evi-
dence). There is a growing amount of controlled 
clinical trials (≥ Level 3 evidence) supporting its 
treatment efficacy as reported in recent system-
atic reviews.39-41 For physiological processes, there 
are several researchers who have found IASTM can 
influence several functions. The following section 
will describe the evidence for therapeutic and physi-
ological efficacy.

Therapeutic Effi cacy 
Numerous authors have reported positive out-
comes using IASTM (Table 1). The majority of 
case reports or case series describe a multimodal 
treatment program where IASTM was combined 

Table 1. Suggested Instrument Assisted Soft-Tissue Mobilization Guidelines.



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 674

three publications that discussed recommended pre-
cautions and contraindications for IASTM.47,49,76 The 
origin of the guidelines come from a 2008 study76 that 
cited recommendations from a Graston® educational 
course. To date, no research has further examined 
or validated these recommendations. The suggested 
medical precautions are listed in Table 2 and con-
traindications are listed in Table 3. These guidelines 
are based upon the existing IASTM publications and 
the related myofascial intervention literature.43,49,70-77 
Specific medical conditions, such as but not limited 
to high pain sensation, acute inflammatory condi-
tions, congestive heart disease/circulatory disorders, 
osteoporosis, cancer, pregnancy, diabetes, varicose 
veins, and hypertension, may be considered either 
precautionary or contraindicative depending on the 
client.49,70,74,76,77 These conditions and others are listed 
in both categories. In the presence of such medical 
conditions, sports medicine professionals should 
conduct a thorough clincial exam to confirm that 
IASTM is a safe intervention for these individuals. 

Another potential treatment precaution is the pres-
ence of petechiae after treatment. Petechiae are 
observed as red and purple spots due to bleeding 
from broken capillaries near the skin’s surface from 

repair and regeneration of collagen secondary to 
fibroblast recruitment.39,67 In turn, this may result in 
the release and breakdown of scar tissue, adhesions, 
and fascial restrictions.39,67 In laboratory studies 
using a rat model, the use of instruments resulted 
in increased fibroblast proliferation and collagen 
repair (e.g., synthesis, alignment, and maturation) 
in cases of enzyme-induced tendinitis.67-69 Many of 
these benefits were also found in a laboratory study 
on ligament healing using the rat model which dem-
onstrated that IASTM in an animal model produces 
a significant short-term (e.g., four weeks) increase 
in ligament strength and stiffness compared to the 
contralateral control limb.58,67 While these find-
ings provide initial support for IASTM stimulating 
connective tissue remodeling, these physiological 
changes are still being studied and have not been 
confirmed in human trials. 

Precautions and Contraindications
IASTM currently lacks a universal consensus on treat-
ment precautions, and contraindications.39 In con-
trast, therapeutic massage43,70-75 and Gua sha43-46 both 
have existing best practice and safety guidelines. A 
recent search of peer reviewed literature (conducted 
June 2019) from electronic databases revealed only 

Table 2. Precautions for Instrument Assisted Soft-Tissue Mobilization.
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The authors of this commentary suggest that 
bruising or ecchymosis at the site of treatment 
should be considered a contraindication. Tradi-
tionally, professionals may have considered both 
petechiae and ecchymosis as a necessary part of 
the treatment for different paradigms including 
Gua sha and IASTM.43,49,62 Currently, it appears 
that sports medicine professionals and educators 
are also moving away from the philosphy of cre-
ating ecchymosis due to the potential iatrogenic 
tissue damage that can occur with treatment. In 
the presence of posttreatment ecchymosis, the 
clinican should likely refrain from further IASTM 
treatment and manage the region accordingly to 
ensure proper healing.43 

The precautions and contraindications listed in this 
section are not all inclusive and should be consid-
ered a starting point for sports medicine profession-
als to build their own list based upon their patient 
population. Unfortunately, no consensus exists on 
this topic with only a few publications discussing 
guidelines. Future studies are needed to validate 
these topics and to develop best practices and safety 
guidelines for IASTM. This is especially important 

excessive pressure and/or friction applied by the 
tool (Figure 1).45,78 Gua sha treatment is based upon 
creating petechiae as part of the therapeutic effects 
of the treatment.45 Gua sha uses repeated compress-
ing strokes with an instrument over a lubricated 
skin region until the petechiae appear.43 Tradition-
ally, IASTM practitioners have followed the same 
philosophy with a goal of achieving the same effects 
with treatment.43,49 Clinically, petechiae can be con-
sidered a precaution or a contraindication (in severe 
cases) which may occur with treatment. Petechiae 
may be more prevelant is some regions of the body 
including: posterior calf, lateral thigh, anterior pel-
vic regions, and the cervical region.49 Currently, 
it appears tha t sports medicine professionals and 
educators are moving away from the philosphy of 
creating petechiae due to potential tissue damage. 
The medical literature has also reported that pete-
chiae created by a myofascial instrument or device 
may be considered iantrogenic tissue trauma.45,78,79 
Thus, sports medicine professionals should use 
good judgement and notify the patient of this poten-
tial consequence, while limiting further treatment 
after the onset of petechiae to prevent further tissue 
trauma. 

Table 3. Contraindications for Instrument Assisted Soft-Tissue Mobilization.
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disinfectants (e.g., Glutaraldehyde) to clean before 
reuse (Table 4).80 Some items that may come in con-
tact with non-intact skin (e.g. hydrotherapy tanks) 
may require an intermediate level disinfectant (e.g., 
isopropyl alcohol, chlorine). Non-critical items (e.g., 
blood pressure cuff) are in contact with intact skin 
but not mucous membranes, and generally require 
an Environment Protection Agency (EPA) approved 
low-level chemical disinfectant to clean (Table 4).43,80 

Based upon the CDC definitions, IASTM would be 
considered a non-critical item since the instruments 
are in contact with intact skin and no mucous mem-
branes or other sterile tissues.43,80 In contrast, a related 
study by Nielsen et al43 regarding safety guidelines for 
Gua sha and Baguan (wet or dry cupping) suggested 
that Gua sha instruments be considered a semi-crit-
ical item due to the risk of transfer of blood borne 
pathogens and other fluids during treatment.43 This 
requires the use of sterilization or high level chemi-
cal disinfectants to clean the Gua sha instruments 
and a safe handling protocol using personal protec-
tive equipm ent (e.g. gloves, mask, face shields).43 The 
researchers based their final recommendations on an 
addendum written after the original article received 
negative feedback from readers,81 instead of scientific 
evidence to support these recommendations. The 
goal of IASTM is to create changes to the soft tissue 
without producing the same effects (e.g. petechiae) 
as Gua sha.34 A related case study82 reported the diag-
nosis of a herpes simplex viral infection secondary 
to acupuncture and cupping, while another review 
cited several reports of acupuncture related infec-
tions.83 The incidence of IASTM related or induced 
infections has not been reported. Thus, the potential 

for the occurance of petechiae and ecchymosis since 
the harmful effects are still unknown.

INSTRUMENT HYGIENE AND SAFE 
TREATMENT 
IASTM needs to have standard, best practice guide-
lines for instrument hygiene and safe treatment 
because tools are used to treat multiple patients. 
Currently, no published standards exist. A recent 
search of peer reviewed literature (conducted June 
2019) from electronic databases revealed no current 
studies analyzing the instrument disinfecting pro-
cess or safe treatment sequence. The IASTM instru-
ments are often constructed of different materials 
such as but not limited to stainless steel, titanium, 
plastic, buffalo horn, stone, quartz, and jade. Regard-
less of material, the instruments should be consid-
ered a reusable medical device that should undergo 
proper hygienic procedures before and after patient 
treatment. Disposable or single use IASTM instru-
ments may be beneficial to help prevent infections, 
but to the authors knowledge, manufacturers are 
only creating reusable instruments. 

The main concern for sports medicine profession-
als is to determine if IASTM instruments should be 
classified as a critical, semi-critical, or non-critical 
item for sterilization according to the Center for 
Disease Control and Prevention (CDC).43 Critical 
items (e.g., surgical instruments) may be in contact 
with sterile tissues or the vascular system requiring 
sterilization of the instruments for recurring use.80 
Semi-critical items (e.g., respiratory equipment) are 
in contact with mucous membranes or non-intact 
skin and require sterilization or high level chemical 

Table 4. Center for Disease Control Levels of Disinfection.80
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risk for infection may be less with IASTM, and clean-
ing instruments may only require the use of a low or 
intermediate level disinfectant. 

The following proposed recommendations are a 
starting point to develop best practice standards 
for IASTM instrument hygiene and safe treatment 
(Table 5) For cleaning the IASTM instrument, it is rec-
ommended that an intermediate-level disinfectant be 
used, which often has less handling precautions than 
high-level disinfectant.80 The intermediate-level dis-
infectants (e.g. isopropyl alcohol) are stronger than 
low-level disinfectants and are available in differ-
ent size commercial wipes and sprays, which make 
them practical for different sports medicine settings. 
After disinfecting the instrument for the recom-
mended amount of time, it is advised to flush the 
instrument with soap and clean water to wash away 
any dried chemical disinfectant on the instrument. 

This procedure should be done after every patient 
treatment. If the tool contacts blood, bodily fluids, 
mucous membranes, or non-intact skin, then proper 
disinfecting with a high-level disinfectant or steriliza-
tion should be done to ensure proper cleaning of the 
instrument before reuse.43,80 The professional should 
use good clinical judgement and disinfect instru-
ments appropriately to ensure patient safety. For 
lubricants, its recommended to extract a treatment 
size amount from the primary container and place 
it into a secondary container such as a paper cup 
before treatment. This can be done using a tongue 
depressor and following personal protective equip-
ment guidelines, as needed. This will help prevent 
contamination of the primary container.43,81 

The recommended IASTM safe treatment sequence 
is described in six steps (Table 5). First, before and 
after treatment the clinician’s hands should be 

Table 5. Instrument Hygiene and Safe Treatment Sequence Recommendations.
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cleaned. Hand hygiene is the first step in reduc-
ing the risk of infection. This may seem intuitive to 
sports medicine professionals, but this task may be 
forgotten if the professional is busy. CDC guidelines 
recommend hand washing with soap and water or 
rubbing hands together using an alcohol-based hand 
sanitizer (e.g., gel or wipe) for a minimum of 15 sec-
onds.84 Professionals may choose to follow personal 
protective equipment (PPE) guidelines which refer 
to wearing protective clothing, helmets, goggle, and 
gloves to protect from injury or infection.43 Profes-
sional should wear gloves during treatment but also 
follow pre and post hand hygiene procedures. Second, 
before treatment, the body region is inspected and 
cleared for treatment. Then the patient’s skin (at the 
treatment site) is cleaned with a low-level sanitizing 
wipe (e.g. Purell®) that is safe for the skin, or 60-70% 
isopropyl alcohol85-87 to further reduce the risk of 
infection. Third, the IASTM treatment is adminis-
tered using the lubricant and PPE procedures, as 
needed. Fourth, during the prescribed treatment, 
the rehabilitation professional monitors for changes 
in the patient’s status (e.g., skin color changes such 
as petechiae, sensitivity to treatment, etc.). Fifth, 
upon completion of treatment, the body region is 
re-inspected and cleaned again using a sanitizing 
wipe or isopropyl alcohol. Sixth, the professional 
concludes with post treatment hand hygiene, dis-
posing of any PPE, and cleaning of the instruments 
(Table 5). Due to the lack of research, the suggested 
tool hygiene and safe treatment sequence should be 
considered a starting point for sports medicine pro-
fessionals and researchers. The suggested best prac-
tices should be modified according to the patients’ 
needs and the clinical setting. Further research is 
needed to determine the safest cleaning and treat-
ment procedures for myofascial instruments. 

ASSESSMENT 
Sports medicine professionals should use outcome 
measures to assess the efficacy of their IASTM 
treatment. Researchers have used different patient 
reported outcomes (PROs) and clinical measures to 
quantify the efficacy of the intervention. For pain 
and disability, researchers have used PROs such the 
numeric pain rating scale (NPRS) or visual analog 
scale (VAS) to measure pain perception,35,39,40,51,53,88 
and the modified Oswestry Disability Index51 for 

patient function. Researchers have also measured 
post treatment pain perception with pressure algom-
etry28,34,40,56,66 and tactile discrimination with a two-
point discrimination caliper 56,66 in clinical trials. 
Researchers have also used clinical measure such as 
joint ROM,30,35,53,54,88 electromyography,89 and func-
tional tests. 35,36,57 It is important to note that the out-
comes listed in this section are from IASTM clinical 
trials and many other PROs and clinical measures 
may have been used within the published case stud-
ies and series on IASTM, while others not listed may 
be relevant for a specific clinical case or clinical trial. 

CLINICAL IMPLICATIONS 
This clinical commentary provides a framework for 
the development of clinical standards for IASTM. Cur-
rently, IASTM lacks best practice guidelines which 
creates a challenge for both sports medicine profes-
sionals and researchers. The current lack of clini-
cal standards warranted a discussion describing the 
intervention, indications, precautions, contraindica-
tions, tool hygiene, safe treatment, and assessment, 
with the following resultant clinical suggestions: 

• For describing IASTM, s ports medicine profes-
sionals should consider describing the interven-
tion as a myofascial tool intervention only, or 
as part of an IASTM treatment paradigm, such 
as Graston® or ASTYM®, when the appropriate 
protocol has been followed. These and other 
paradigms often use a multimodal approach 
combining IASTM with other adjunct treatments 
(stretching, exercise, other modalities, etc.). This 
clarification and use of reporting guidelines may 
help create a better understanding for fellow 
professionals and patients, allow for clinical rep-
lication, and improve systematic analyses. 

• For indications, IASTM has demonstrated effi-
cacy in the treatment of several musculoskeletal 
conditions and may be used a part of a warm-up 
before physical activity. Researchers have also 
found that IASTM may influence local temper-
ature and circulation,60 mechanoreceptor and 
nociceptor activity,56,66 and may aide in connec-
tive tissue remodeling.68,69 The list of indications 
should constantly evolve as sports medicine pro-
fessionals and researchers further learn the util-
ity of the intervention. 



The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 679

• The precautions and contraindications discussed 
here should be considered a starting point in 
developing more specific guidelines. Sports med-
icine professionals may want to create their own 
list based upon their patient population and clin-
ical practice. For tool hygiene and safe treatment, 
the proposed guidelines for tool disinfecting and 
safe treatment should also be considered a start-
ing point. Professionals should follow proper 
tool hygiene procedures and develop their own 
safe treatment sequence to reduce the risk 
of infection for their patients. For assessment, 
proper assessment of outcomes after IASTM is 
necessary to determine IASTM efficacy across 
musculoskletal pathologies and disorders. Sports 
medicine professionals may want to consider 
using PROs and clinical measures reported in 
the various IASTM studies to assess treatment 
effectivness in indvidual patient scenarios. 

CONCLUSION 
Thi s clinical commentary discusses proposed 
IASTM clinical standards for describing the inter-
vention, indications, precautions, contraindications, 
tool hygiene, safe treatment, and assessment. To 
date, these standards have not been discussed exten-
sively in the IASTM literature. The goal of this clini-
cal commentary is to create a starting point for the 
development of such standards. Sports medicine 
professionals and researchers are encouraged to 
build upon the existing information and help further 
develop best practice standards for IASTM. 
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