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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

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 positive 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, establish 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
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INTRODUCTION
Between 2003 and 2015, sports and exercise participation 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 occurrence 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 developing 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 complex by up to 34%, meaning less lumbopelvic control 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 generation.9 Additionally, core stability may improve
performance through a number of mechanisms
including improved efficiency with neurological
recruitment patterns, improved motor unit synchronization, 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 training in rehabilitation of back pain and lower extremity injuries.11 However, current literature is lacking
agreement on the overall relationship between lumbopelvic 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 current literature that examined the effect of lumbopelvic 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 lumbopelvic, 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 evidence was included. Studies were excluded if subjects presented with history of shoulder surgery in
the past five years, or if the full text was not available in English.
Search Strategy
A systematic literature search was completed in
November 2017 within the following electronic databases: 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 subheadings 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 completed by two reviewers to identify articles that may
have been missed using the search strategy. In addition, 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 consensus. Full-text articles were reviewed by two different
independent reviewers. Again, when the two reviewers who screened full text articles did not agree with
an article for inclusion, a decision was made by consensus. Reliability of author agreement was calculated 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 considered slight, 0.21 to 0.40 are considered fair, 0.41 to
0.60 are considered moderate, 0.61 to 0.80 are considered 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 consensus between the two reviewers. The MMAT contains
four criteria for qualitative studies, four criteria for
each quantitative study designs (randomized controlled, non-randomized, descriptive), and three criteria 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 agreement was calculated using an unweighted Kappa.
Data Extraction
All data were independently extracted by one author
on all included studies using a standardized extraction form and verified by a second author. The following data were extracted: 1) Participant details
(including mean age and standard deviation, gender, 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 outcome measures were accepted for this systematic
review, as long as the outcome assessed a performance or injury construct.
The outcome measures accepted for performance
were throwing speed, throwing distance, throwing
accuracy, serving speed, swimming speed, and pitching 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 Outcome Measure (DASH) and the shortened version
QuickDASH, Penn Shoulder Score (PSS), Sports and
Symptom Survey Form, Simple Shoulder Test, Kerlan-Jobe Orthopaedic Clinic shoulder and elbow
score (KJOC), and Visual Analog Scale (VAS). The
DASH is a 30-item questionnaire that assesses activities 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 detectable 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 reliable 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 construct 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 outcomes 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 lumbopelvic control resulting in improved performance
or decreased disability. Likewise, a negative effect
size indicates decreased lumbopelvic control resulting 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 reliability 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. Interrater 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 including pain, injury, and self-reported disability. Articles
assessed during full text screen were most frequently
excluded due to outcomes not being related to lumbopelvic 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 studies, five articles were cohort, three were quasi-experimental, and two were randomized control trials
(RCT). Articles included a range of 25 to 422 participants each with a total of 977 participants included
in the current systematic review assessing symptomatic and asymptomatic athletes. Six studies included
baseball or softball athletes; the remaining studies
included swimming, handball, water polo, lacrosse,
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Figure 1. PRISMA Flow Diagram.

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 participated 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-experimental); two studies scored 50%, seven studies
scored 75% and four studies scored 100%. Six studies did not meet the fourth criteria of the quantitative non-randomized section, which assessed follow
up and adherence rate. Five studies did not report

these statistics, and one study did not meet the criteria of 60% follow up rate. Agreement for the quality 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

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 504

Table 1. Sample Demographics by Study.
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Table 2. Methodological Quality of Included Studies (Mixed Methods
Appraisal Tool).

one study found no correlation between core stability and velocity.30 Throwing velocity26-28 and swimming 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 correlation 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 stability 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
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Table 3. Results of Studies Involving Performance.

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

and self-reported disability.35-40 Five of the six studies 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 significant correlation between lumbopelvic control
and injury.40 Table 4 contains the results from these
articles.

Injury
Six studies examined the correlation between lumbopelvic control and injury, including pain, injury,

Pain
Endo et al. examined the relationship between core
endurance and the development of arm pain during
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Table 4. Results of Studies Assessing Shoulder Injuries.

the season.38 Prone bridge time decreased by 9.4 seconds in the pain group and 3.2 seconds in the nonpain 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, dominant 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 disability and examined its relationship to core stability.36,37,39,40 One study found core endurance was
correlated with shoulder pain and disability,39 while

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 508

another found no correlation.40 Core endurance and
decreased single leg stance were negatively correlated 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 lumbopelvic 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 performance 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 studies. 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 measures 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 isometric 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 singleplane movements while dynamic measures assessed
multi-plane movements.
Eight studies used static measures to quantify lumbopelvic 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 utilizing static measures, seven found a correlation32,34-39
between lumbopelvic control and overhead performance or shoulder injuries. Despite these correlations, this does not indicate lumbopelvic control
was the cause for change but does demonstrate the
relationship between lumbopelvic control and performance and injury rate. All seven studies utilizing dynamic measures found statistically significant
correlations between lumbopelvic control and overhead 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 lumbopelvic control assessments may be more appropriate 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 inconsistencies 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 correlation 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 sample 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 indicating 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. Physical 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 participated 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 primary emphasis.
Similarly, Silfies et al. conducted a critical review of
the effect of core stability on upper and lower extremity athletic performance and injury. The review discussed 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 training 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 emphasize the importance of the lumbopelvic complex
as a part of the kinetic chain. However, Silfies et
al. focused on athletes with upper extremity injuries while Wilk et al. focused on throwing athletes.
Because this review focused on the shoulder joint in
all overhead athletes, the current evidence synthesis 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 analysis of clinical significance. Additionally, variability of
statistical methods and outcome measures assessed
within the included studies makes consistent assessment 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 levels of athletic competition, any improvement in performance or reduction in injury has the potential to
represent a meaningful impact.
The current systematic review had several limitations. 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 necessary 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 criteria, and open interpretation for others. Although
the MMAT was appropriate for this review, quality 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 lumbopelvic control to determine reliable and valid measures
of this complex. A comprehensive list of dynamic
lumbopelvic exercises would also be beneficial to

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 510

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 shoulder, 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 prevalence 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 conservative 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 utilization of outcome measures in the domains of pain or function. Exclusion criteria included absence of skilled interaction 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 injection 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 highquality 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. Femoroacetabular Impingement is a pathology caused
by a bony adaptation or malformation of either the
acetabulum, femoral head or both and is predominately 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 structural 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 damage, and secondary osteoarthritis.2 The etiology
for FAI is unclear; however, there are several theories including the presence of pediatric conditions,
prior trauma to the femoral neck, genetic predisposition, 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 management 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 multiple conservative treatment interventions may consume 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, including 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, gluteal 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 hyaluronic acid injections are administered into the hip
joint space to aid in pain relief.8 Khan et al.8 concluded that intra-articular hip injections could play
a role in the diagnosis, treatment, and prognosis of
FAI. However, the therapeutic benefits of intra-articular 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 investigate 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 MetaAnalysis (PRISMA) guidelines. PRISMA is a prospective 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 Systematic Reviews (PROSPERO). PROSPERO is a database that prospectively evaluates systematic reviews
in relation to the health outcomes for proper writing
procedures and to prevent duplicity of published literature (#CRD42018084845).
Search Strategies
Search strategies for PubMed, CINAHL, ProQuest,
and Scopus electronic databases were developed

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 515

in May 2018. All databases were searched using a
comprehensive strategy that included search terms
related to conservative interventions for individuals with FAI. There were limits applied to: (1) Publication 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 evidence higher than case studies to improve the quality of data synthesis. A hand search of completed
Systematic Reviews on FAI was performed for inclusion 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 systematic review and meta-analysis based on the following 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 follows: 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 substantial, 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 articles. This tool includes two screening questions and
five categories of mixed methods study component

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 better inform the assessment of quality of included
studies. Study design questions include qualitative,
quantitative randomized controlled trials, quantitative 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 measure to interpret the quality of the included articles.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 individual verified the selection for accuracy. The characteristics extracted from the included articles are as
follows: (1) title, (2) author, (3) publication date, (4)
study level of evidence, (5) population demographics (including age and gender), (6) study duration,
(7) surgery, (8) rehabilitation intervention and frequency, (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 deviations, (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
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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 measurements 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 selfreported functional status in the domains of activities 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’ opinion about their hip and associated disabilities for use
in adults with and without osteoarthritis. This scale
ranges from 0-100 with 0 indicating maximal disability 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

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 metaanalyses 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 determine 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. Interpretation of effect size will be defined by the following 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 construction. 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 metaanalysis. 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, 0.180.90) 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
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Figure 1. PRISMA Flow Diagram.

to unclear descriptions of overall outcomes, considerations on how the findings relate to context and
researchers’ influence, or consideration on limitations 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 involving physical therapy included a variety of interventions such as stretching, hip and core strengthening,
manual therapy, functional training, and patient
education on activity modification. Further detail

regarding the studies specific intervention techniques 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 variation 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 modified 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-analysis was conducted on six of the seven studies.22,24-28
The authors of one study23 were contacted for additional data, but did not respond.
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Table 1. Methodological Quality of Included Studies – Mixed Methods Appraisal Tool.

Table 2. Characteristics of Studies.
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Table 3. Available Study Interventions.

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 interventions. Results demonstrated a significant reduction 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-analysis results.
Physical Function
One of the six studies26 assessed self-reported function 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

the use of physical therapy interventions. Results of
the four studies demonstrated a significant improvement 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 metaanalysis results.
DISCUSSION
The purpose of this systematic review and meta-analysis 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-articular injections results were inconsistent. Overall, the
literature demonstrated that conservative treatment
(both injection and physical therapy) for this condition presented with moderate to large effect sizes
and significantly impacted self-reported pain and
function in individuals with FAI.
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Figure 2. Standard difference in means in individual studies comparing injection, physical therapy, and overall combined conservative treatment for short-term (A) pain and (B) function. Squares represent study-speciﬁc ﬁndings and diamond represents
summary estimates of random effects meta-analysis. CI= Conﬁdence Interval, Inj= Injection, PT= physical therapy..

Table 4. Meta-analysis for short-term impact.

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. Education on the condition and activity modification techniques 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 isolation 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
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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 strengthening 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 tolerance 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 strengthening 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 individual 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 therapists 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 studies24,25,28 in this meta-analysis included some form
of manual therapy, including soft tissue mobilization, 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 functional activities with lower levels of pain. However,
it’s unclear as to which manual techniques are effective 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). Intraarticular 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 interventions, the frequency of the treatment can have an

impact on its effectiveness. Previous literature32 in
the area of hip OA reported the greatest improvement 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 mitigation 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 function 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 interventions could be utilized to improve self-reported pain
and function and ultimately decide if surgery is necessary, thereby reducing the risk and financial burden of this condition.
This systematic review and meta-analysis had several limitations. The exclusion of non-English studies 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. Furthermore, one study23 did not report enough statistical data to be included in the meta-analysis, despite
demonstrating favorable results. Finally, limitations
in intervention reporting could limit the applicability 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 further insight into effectiveness of the various conservative interventions. This information could assist
clinicians in determining the proper course of medical 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 investigating the impact of conservative care on functional
performance and pain with daily and sport related
activities in patients with FAI is indicated.

8.

9.

10.

CONCLUSIONS
Current literature includes various studies investigating 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 improvement of function in patients with FAI. Physical
therapy demonstrated positive results related to selfreported 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.

11.

REFERENCES:

15.

1. Bredella M, Ulbrich E, Stoller D, et al.
Femoroacetabular impingement. Magn Reson
Imaging Clin N Am. 2013;21(1):45-64.
2. Kuhns BD, Weber AE, Levy DM, et al. The natural
history of femoroacetabular impingement. Front
Surg. 2015;2.
3. Clohisy J, Baca G, Beaulé P, et al. Descriptive
epidemiology of femoroacetabular impingement. Am
J Sports Med. 2013;41(6):1348-1356.
4. Kahlenberg CA, Han B, Patel RM, et al. Time and
cost of diagnosis for symptomatic femoroacetabular
impingement. Orthop J Sports Med. 2014;2(3).
5. Shearer DW, Kramer J, Bozic KJ, et al. Is hip
arthroscopy cost-effective for femoroacetabular
impingement? Clin Orthop. 2011;470(4):1079-1089.
6. Harris JD, Erickson BJ, Bush-Joseph CA, et al.
Treatment of femoroacetabular impingement: a
systematic review. Curr Rev Musculoskel Med.
2013;6(3):207-218.
7. Wall PD, Fernandez M, Grifﬁn DR, et al.
Nonoperative treatment for femoroacetabular

12.

13.

14.

16.

17.

18.

19.
20.

impingement: a systematic review of the literature.
PMR. 2013;5(5):418-426.
Khan W, Khan M, Alradwan H, et al. Utility of
intra-articular hip injections for femoroacetabular
impingement: a systematic review. Orthop J Sports
Med. 2015;3(9).
Liberati A, Altman D, Tetzlaff J, et al. The PRISMA
statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care
interventions: explanation and elaboration. Ann
Intern Med. 2009;151(4).
Kappa as a measure of concordance in categorical
sorting. Vassarstats. http://vassarstats.net/kappa.
html. Published 2001. Accessed February 4, 2018.
Cook C. Clinimetrics Corner: Use of effect sizes in
describing data. J Man Manip Ther. 2008;16(3):54-57.
Pace R, Pluye P, Bartlett G, et al. Testing the
reliability and efﬁciency of the pilot Mixed Methods
Appraisal Tool (MMAT) for systematic mixed studies
review. Int J Nurs Stud. 2012;49(1):47-53.
What is the difference between short-term,
intermediate, and long-term outcomes? eXtension.
http://articles.extension.org/page/44517/what-isthe-difference-between-short-term-intermediate-andlong-term-outcomes. Published May 2013. Accessed
February 26, 2018.
Chuang LL, Lin KC, Hsu AL, et al. Reliability and
validity of a vertical numerical rating scale
supplemented with a faces rating scale in measuring
fatigue after stroke. Health Qual Life Outcomes.
2015;13(1).
Ferreira-Valente MA, Pais-Ribeiro JL, Jensen MP.
Validity of four pain intensity rating scales. Pain.
2011;152(10):2399-2404.
Martin R, Kelly B, Philippon M. Evidence of validity
for the Hip Outcome Score. Arthroscopy.
2006;22(12):1304-1311.
Nilsdotter A, Bremander A. Measures of hip function
and symptoms: Harris Hip Score (HHS), Hip
Disability and Osteoarthritis Outcome Score
(HOOS), Oxford Hip Score (OHS), Lequesne Index of
Severity for Osteoarthritis of the Hip (LISOH), and
American Academy of Orthopedic Surgeons.
Arthritis Care Res. 2011;63(S11):S200-S207.
Huedo-Medina T, Sanchez-Meca J, Martin-Martinez F.
Assessing heterogeneity in meta-analysis: Q statistic
or I2 index? The center for Health, Intervention, and
Prevention (CHIP): Digital Commons; 2006.
Higgins J, Thompson SG. Quantifying heterogeneity
in a meta-analysis. Stat Med. 2002; 21(11):1539-58.
Landis J, Koch G. The measurement of observer
agreement for categorical data. Biometrics.
1977;33(1):159-174.

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 523

21. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA
statement for reporting systematic reviews and
meta-analyses of studies that evaluate healthcare
interventions: explanation and elaboration. Br Med
J. 2009;339:b2700.
22. Krych AJ, Grifﬁth TB, Hudgens JL, et al. Limited
therapeutic beneﬁts of intra-articular cortisone
injection for patients with femoro-acetabular
impingement and labral tear. Knee Surg Sports Traum
Arthros. 2014;22(4):750-755.
23. Lee YK, Lee GY, Lee JW, et al. Intra-Articular
injections in patients with femoroacetabular
impingement: a prospective, randomized, doubleblind, cross-over study. J Korean Med Sci.
2016;31(11):1822-1827.
24. Smeatham A, Powell R, Moore S, et al. Does
treatment by a specialist physiotherapist change
pain and function in young adults with symptoms
from femoroacetabular impingement? A pilot project
for a randomised controlled trial. Physiother.
2017;103(2):201-207.
25. Wright AA, Hegedus EJ, Taylor JB, et al. Non-operative
management of femoroacetabular impingement: A
prospective, randomized controlled clinical trial pilot
study. J Sci Med Sport. 2016;19(9):716-721.
26. Abate M, Scuccimarra T, Vanni D, et al.
Femoroacetabular impingement: is hyaluronic acid
effective? Knee Surg Sports Traumatol Arthrosc.
2013;22(4):889-892.

27. Emara K, Samir W, Motasem EH, et al. Conservative
treatment for mild femoroacetabular impingement.
J Orthop Surg. 2011;19(1):41-45.
28. Kemp J, Coburn S, Jones D, et al. The Physiotherapy
for Femoroacetabular Impingement Rehabilitation
STudy (physioFIRST): A pilot randomized controlled
trial. J Orthop Sports Phys Ther. April 2018;48(4):307315.
29. Enseki K, Harris-Hayes M, White D, et al.
Nonarthritic hip joint pain. J Orthop Sports Phys Ther.
2014;44(6):A1-A32.
30. Freke M, Kemp J, Svege I, et al. Physical
impairments in symptomatic femoroacetabular
impingement: a systematic review of the evidence.
Br J Sports Med. 2016;50(19):1180.
31. Dutton M. Manual Techniques. In: Dutton M, ed.
Dutton Orthopaedic examination, evaluation, and
intervention. 4th ed. New York, NY: McGraw-Hill
Medical; 2017:428-434.
32. McCabe P, Maricar N, Parkes M, et al. The efﬁcacy of
intra-articular steroids in hip osteoarthritis: a
systematic review. Osteoarthritis Cartilage.
2016;24(9):1509-1517.
33. Guenther J, Cochrane C, Hunt M, et al. A preoperative exercise intervention can be safely
delivered to people with femoroacetabular
impingement and improve clinical and
biomechanical outcomes. Physiother Can.
2017;69(3):204-211.

Appendix 1.

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 524

IJSPT

ORIGINAL RESEARCH

A COMPARATIVE STUDY OF CORE MUSCULATURE
ENDURANCE AND STRENGTH BETWEEN SOCCER
PLAYERS WITH AND WITHOUT LOWER EXTREMITY
SPRAIN AND STRAIN INJURY
Amira A. Abdallah, PhD1
Nabil A. Mohamed, PhD1
Mostafa A. Hegazy, PhD2

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 endurance 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, physical 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 injuries 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 limited scientific evidence.7 Adequate core (lumbopelvic-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 displacements, and excessive loading.9,10 Upon exceeding supporting soft tissue tensile threshold, these
excessive stresses can cause mechanical failure.11
Imbalance in core musculature strength that controls pelvic-femoral alignment in the transverse and
frontal planes causes lower limb misalignment that
may increase the risk for injury.12 Strong hip abductors 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 anterior cruciate ligament injury.14 A negative correlation 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 Similarly, a negative correlation was reported between
hip external rotator strength and knee valgus.17 Athletes with weak hip abductors and/or external rotators 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 athletes. 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 handheld dynamometer for strength (force) assessment
not an isokinetic dynamometer (torque). Pre-season
isokinetic strength testing has been identified as a useful tool for identifying soccer players that are potentially at risk for injury. Testing helped in detecting
strength imbalances that increased the risk of hamstring injury.24 Specifically, impairment in eccentric
hamstring action required in high velocity acceleration 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 constructed a prediction model for core and lower
extremity sprain and strain injury in football players. 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 susceptibility to lower extremity injury.21,22,26 In addition,
they examined a combination of risk factors including core endurance, level of low back dysfunction,
and game exposure to predict sprain and strain injuries 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 musculature fatigue is reflected in poor core stability.27,28 For
instance, fatigue of hip and lumbar extensors, specifically, 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 musculature 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 frequency 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 predicting injury. Core endurance was the measure of
interest as it is the most reliable measure of core
stability followed by flexibility, strength, neuromuscular control and functional testing.30 It was hypothesized 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 frequency 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 endurance assessment. These included the prone-bridge,

side-bridge, trunk flexion and horizontal back extension 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, Shirley, 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 Calibration of the Biodex dynamometer was performed
according to the specifications outlined in the manufacturer’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. Participants’ 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 bottom and the hips at zero degrees of flexion. The participant was asked to lift his hips off the treatment
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Figure 1. Core endurance tests; prone-bridge (A), side-bridge (B), ﬂexor endurance (C), and horizontal extensor endurance

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 muscles. 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 examiner (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 stopwatch. 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 stabilized with straps. The dynamometer’s axis of rotation 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 lateral femoral condyle. The participant was instructed
to exert maximum resistance against the dynamometer in the direction of hip abduction (Figure 2B).
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Figure 2. Eccentric Isokinetic testing positions for the hip external rotators (A), and abductors (B)

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 injuries experienced by the same players were also
documented.
Data analysis
Immediately after the end of the season, the players were dichotomously categorized into injured
(group A) or non-injured (group B) for data analysis.
Initially and as a pre-requisite for parametric analysis, data were screened for normality and homogeneity 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 multiple 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 pronebridge, 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 conducted to test the association between core muscle
endurance and hip muscle strength measures and
frequency of injury. Significant variables identified 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 significant 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 collateral 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 frequency 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
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Table 1. Demographic data for the injured and non-injured soccer players.

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

Figure 3. Lower extremity sprain and strain injury distribution among injured soccer players

Figure 4. Frequency distribution of lower extremity sprain
and/or strain injury

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 correlations revealed significant moderate negative correlations between the frequency of injury and each

Regarding the logistic regression results, the proposed model was found to fit the data well. A test of
the full model (2-factor model) versus an interceptonly model was statistically significant, χ2(2) = 10.133,
p=0.006 indicating that the predictors as a set reliably distinguishes between injured and non-injured
soccer players. Similarly, a test of the 1-factor model
versus an intercept-only model was statistically significant, 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%. Sidebridge hold time accounted for the majority of variability 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 predictors (side-bridge and prone-bridge hold time), this
percentage rose to 72.7%.
DISCUSSION
The purposes of this study were to compare pronebridge, side-bridge, flexor endurance, and horizontal 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 endurance and non-contact lower limb strain and sprain
injury as well as the ability to predict injury from
core muscle endurance were also tested.
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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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Table 4. Logistic regression of sprain and strain injury in soccer
players using the side bridge and prone-bridge hold times as predictors.

In this study, prone-bridge and side-bridge hold
times were significantly shorter in players that sustained 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 muscles 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 production 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 sensory 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 current 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 activation 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 following a paraspinal fatigue protocol. Poor leg coordination 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 during physical activity have never been tested.
Results of the current study support that core muscle 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 sidebridge 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, respectively) 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,
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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 maximum voluntary contraction (MVC).47,48 Both sidebridge 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 contributing 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 muscles.46 During horizontal back extension, the paraspinal muscles produce greater than 40% of MVC.49 No
studies that investigated other core muscle activation during horizontal back extension were found.
However, it can be speculated that other core muscles 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 specific muscle can be singled out as most important
contributor to core strength, endurance, and stability38 and exercises that include a wide variation of
core muscles should be conducted. Thus, in agreement 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 (eccentrically) was identified. Weak hip abductors and external 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 Leetun et al.,21 participants were basketball (males=44,
females=60) and cross-country athletes (males=16,
females=20). Considering more than half the participants 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 horizontal back extension times than their male counterpart. 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 established that male athletes have grater muscle strength
than female athletes.57 Nadler et al.59 found a relationship 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 control 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 possibility cannot be confirmed since hip muscle endurance 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 generalized 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 maneuvers.61 Piasecki et al.62 reported that most ACL injuries in basketball occur during jump landing whereas
those from soccer occur during other noncontact
mechanism such as cutting. Other sport specific differences 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. However, 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 contributing 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 soccer 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 readiness and identify athletes who may have increased
injury risk.8,9
One test that screens fundamental movement patterns 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 college and professional soccer players had statistically 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 performance compared to lower levels, specifically the
inline lunge, hurdle step, and push up.9 Individual
movement tests, in conjunction with overall fundamental 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 golfers, 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 handicap 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 Previous authors, comparing different competition level

YBT lower quarter performance, observed that athletes of higher competition levels displayed greater
dynamic balance performance, except in the anterior reach.14,17,18 Greater competition levels were
hypothesized to exhibit poorer anterior reach due to
sport specific overall playing loads or previous injuries.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 balance 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 observing that dynamic balance and fundamental movement 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 documents. 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 normalized 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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Table 1. Subject Descriptive Statistics.

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 explanation 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 investigators 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 Systems Inc., Chatham, VA, US) which includes a measuring device, a hurdle, and a measuring stick, was
used during the procedure. The FMSTM screens fundamental 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 combined 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 individual 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 rotation and flexion, spinal flexion and spinal extension
movements. If a clearing test was deemed positive,
the movement pattern that the clearing test is associated with (SM, TSPU or RS) was automatically
scored a 0.22
Y-Balance Test: All subjects completed both the YBTLQ and YBT-UQ protocols with the YBT kit (Functional Movement Systems Inc., Chatham, VA, USA).
The administrators, trained in YBT, directed all test
protocols.23,24 Each athlete was measured for upperquarter limb length, standing with feet together,
with shoulders abducted to 90°, elbows protracted,
and wrists in anatomic neutral position to standardize 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 participant by using a tape measure while the participant
lay in the supine position.23
Lower Quarter Y-Balance Test: To standardize the protocol, 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,
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and so forth. An examiner used verbal and visual
instructions to educate the athlete on proper procedure before each test began. The established testing
criteria consisted of 1) maintaining controlled balance while pushing the reach indicator the greatest 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 maintain 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 keeping their reach foot in contact with the reach indicator, and then return to the starting point while they
maintained balance on the stance limb. The maximum reach distance was recorded to the nearest
half cm in each reach trial. The maximum distance
reached of the three acceptable trials in each direction 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 distance 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 assessment, 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 maintain 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 maintaining 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 without a rest between directions. Subjects were allowed
two practice trials before attempting a graded trial,
three graded trials were completed for each movement. To complete a single trial subjects completed
all three reaches before returning to the rest position. 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 successful 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 centimeter [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 asymmetry, 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 quarter tests were normalized to upper and lower limb
length. These reach scores were reported as percent
limb length (%LL).23,24 Following limb length normalization, the greatest reach was utilized for reach direction for the YBT-LQ and YBT-UQ. The right and left
limbs were then averaged, due to healthy limbs having 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). Medians 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 posthoc was implemented to identify specific group-togroup differences. Continuous data normalcy was
analyzed through Shapiro-Wilk’s Tests. FMSTM composite 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 specific 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 statistical significance was identified at p<0.05. Cohen’s d
Effect Size Indices (ESI) were incorporated to examine 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 further discussion only if statistically significant differences 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 composite score was 13.36 ± 2.22, 13.52 ± 2.50 for HS,
14.30 ± 2.55 COL, and 14.50 ± 2.80 for PRO golfers. A significant difference was observed between
skill levels in two of the seven functional movement tests and the composite scoring. Trunk stability 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 exhibited 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 significantly 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 asymmetry 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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Figure 1. Competition level differences in FMS™ Scores.
Figure 3. Competition level differences in the YBT-UQ.

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 significant (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.

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

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

DISCUSSION
Prior research using field screening tests has been
used to assess athlete return to sport criteria,26 however, there is little research regarding different golfing skill levels. Therefore, the purpose of this study
was to examine differences in fundamental movement patterns and dynamic balance in varying competition levels in golfers. It was hypothesized that
fundamental movement and dynamic balance quality 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 little 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
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findings support previous studies in which COL athletes 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 dissociation, while the TSPU is a transitional movement pattern that requires high threshold core stabilization.29,30
The increased COL skill level movement ability may
be attributed to greater core and hip muscular coordination.15,22 Johnson et al.31 observed that subjects with
greater core strength had higher TSPU scores compared 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 compared 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 basketball 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 stationary 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. Specifically, PRO golfers had substantially higher PM
reaches than MS golfers, and PRO, COL, and HS athletes 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 muscular strength due to the increased trunk lean and hip
flexion due to the multi-planar diagonal reach pattern 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 anterior 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 competition 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 differences may be attributed to differences in core
musculature strength and control. It has been suggested 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 musculature 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 utilized as a dynamic core control test.
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The current study has multiple limitations. The generalizability 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, further testing should strive to find equal group sizes
to more accurately compare disparities and establish more robust normative data. Finally, subjects’
previous injury, balance training, and current training histories were not documented. These differences 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 patterns in relationship to their skill level. There were
few lower quarter dynamic differences in varying golfing 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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AFFECT THE KNEE MUSCULAR STRENGTH RATIO AT
SIX MONTHS POSTOPERATIVELY?
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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 hamstring 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 uninvolved knees, hamstring strength deficit was found in hamstring tendon groups throughout knee extension (p<0.001), and quadriceps 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 considered 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 mobility.1 The most popular grafts for ACL reconstruction
are those using patellar tendon (PT) or hamstring
tendon (HT).2 The HT procedure presents different graft possibilities, such as semitendinosus tendon (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 eccentrically (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 muscle strength deficit in the involved leg. Peak torques
are also used to compute hamstrings-to-quadriceps
strength ratio (Heccpeak/Qconpeak) to reflect knee agonist-antagonist muscle strength balance. In this context, 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 technique 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 extension remains questionable.
Alternatively, Heimstra et al.7 defined knee muscle
strength maps, expressing the strength as a function of knee angle and motion velocity. Such an
approach is based on isokinetic assessments at 10
different velocities, eccentric and concentric contractions, 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 hamstrings 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 deficit 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 comparisons 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, basketball, running, etc), having undergone a unilateral
primary surgical ACL reconstruction using PT, ST or
STG graft, having a contralateral knee with no history of injury, having performed 40 rehabilitative sessions 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 meniscus repair or lateral extra-articular reconstruction,
or suffering from pain at the reconstructed knee, or
graft harvested in the contralateral knee.
Procedures
The isokinetic dynamometer (Contrex MJ; Dubendorf, Switzerland; Sampling rate: 256 Hz) allowed
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instantaneous torque recording with gravity correction and filtering (CON-TREX human kinetics software). 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 repetitions for test (Table 1). The duration of the recovery 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 concentric 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 are presented by mean ± standard deviation. ANOVA for one factor (graft: PT vs. ST vs. STG)
were performed on quantitative variables of demographic and surgical outcomes. In case of significant
effect, Tukey’s post hoc tests were made. Chi² tests

were applied on qualitative variable of surgical outcome. 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 effect, 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 interaction group*laterality on Hecc during knee extension 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

Table 1. Chronological description of the isokinetic procedure to assess
one leg during knee ﬂexion and extension.
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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 ﬂexion,
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 signiﬁcant difference between involved and uninvolved knees at p<0.001, ††† indicates signiﬁcant difference
between STG and PT involved knees at p<0.001, and §§ indicates signiﬁcant difference between ST and PT involved knees at
p<0.01. Arrows indicate the knee range of motion in which signiﬁcant differences were found.

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 (Figure 3) showed no significant differences between
the uninvolved knee of the three groups. For the
involved knees, STG and ST groups presented

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 hamstring 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 flexion when compared to ST with p=0.02. For bilateral comparisons, similar ratios for both knees were
observed in ST. PT group had a significantly higher
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Figure 2. Mean (± standard deviation) quadriceps concentric normalized moments at 240°.s-1 between 90 and 30° of knee
ﬂexion., 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 signiﬁcant difference between involved and uninvolved knees at p<0.001. Arrows indicate the knee range of motion
in which signiﬁcant differences were found.

Figure 3. Mean (± standard deviation) ratio between 90 and 30° of knee ﬂexion, 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 patellar tendon graft.
*** indicates signiﬁcant difference between involved and uninvolved knees at p<0.001, ††† indicates signiﬁcant difference
between STG and PT involved knees at p<0.001, and §§§ indicates signiﬁcant difference between ST and PT involved knees at
p<0.001. Arrows indicate the knee range of motion in which signiﬁcant differences were found.

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 flexion, 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

throughout knee extension. The main findings indicate a hamstring eccentric strength deficit for hamstring tendon grafts and a quadriceps concentric
strength deficit independent of graft type throughout 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
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reconstruction,4 particularly regaining similar muscle strength in the reconstructed knee than in the
contralateral one.10 Using contralateral knee as reference requires that the level of strength for this knee
corresponds to levels observed in healthy knees.
In this study, the muscle strength at the contralateral 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 experienced strength impairment during the postoperative period after ACL reconstruction,11,12 the authors
considered that these differences remained minimal 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 concentric strength deficit was related to patellar tendon 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 architecture,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

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 compensatory mechanisms to protect the reconstructed knee
joint.18 Consequently, due to deficits in both hamstring 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 currently exists on the targeted value for this functional
ratio. A ratio between 0.5 and 0.8 is reported as normal 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 quadriceps to stop the knee extension. However, when
knee extends, agonist muscles, i.e. quadriceps, generate 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 functional 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 presented similar values and closed to those observed
in uninvolved knees, while patients with patellar
tendon graft presented higher values up to 50° of
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knee flexion. Despite the functional consequence of
this localized knee muscle imbalance is unknown,
the deficit in quadriceps strength related to patellar tendon graft, discussed above, may modify the
force distribution at the knee joint during motion
and then jeopardize the knee joint integrity. Too
high values of dynamic functional ratio up to knee
mid-extension may potentially be clinical outcomes
to prevent postoperative complications, which predominate after ACL reconstruction with patellar
than hamstring tendon grafts.22 Consequently, due
to increased ratio up to knee mid-extension, patellar tendon grafts may present more functional drawbacks in terms of knee muscle strength balance than
hamstring tendon graft for ACL reconstruction.
This study presents some limitations that warrant
discussion. The first limitation concerned the retrospective nature of this work, which challenges
the control for potential confounding factors. The
uneven group size may generate statistical issues;
the wide range of ages in the groups may limit the
generalization of these findings to younger population; and the comparison of the current findings with
those from prospective comparative and randomized
studies demands caution. Another limitation was
the lack of detailed information on the rehabilitation program performed by the patients with reconstructed-ACL knees. The nature of the rehabilitative
exercises and their progressive implementation may
influence the restoration of knee muscle strength
and balance. As the uninvolved knees in the three
groups presented similar knee muscle strength and
balance, it was assumed that differences observed
for involved knees were related to the type of graft
used for ACL reconstruction. This study was however the first to base the comparisons between grafts
on knee strength and balance continuously recorded
during knee extension, which was an innovative
method. The findings highlighted regional strength
deficits in relation with the autograft donor site. Further studied needed to link the knee muscle strength
abilities at six months postoperatively with the rate
of return to sport, and to explore the effects of additional repairs on isokinetic results.
CONCLUSIONS
The findings of this study reveal that, at six months
postoperatively, hamstring tendon graft was associated

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 quadriceps 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 reconstruction, 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 compliant 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 medialisgastrocnemius 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 perturbation 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 surgery, is dynamic knee instability (inability to perform 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 stability. Therefore, implementing a rehabilitation program 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-operative managment.
Previous studies have revealed that athletes who
perform hopping and running activities on compliant surfaces alter joint kinematics by decreases
in joint motion.11–14 Decreases in joint motion were
attributed to the need to offset the increased compliance of the surface and maintain similar locomotion
of the body’s center of mass while on changing surfaces.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 performance of high-demand physical activities, including jumping, landing, pivoting, and hopping on the
compliant surface. The protocol was designed to
train patients with an ACL injury to trigger the neuromuscular system during a training program that
included destabilizing stimuli and to actively control
knee stability. However, the effects of administering the training program on a compliant surface on
muscle activity have not yet been studied.

Treatment involving manual perturbation training
augmented with progressive quadriceps strengthening is often chosen for non-operative management of patients with an ACL injury.2,17 Manual
perturbation training is a type of neuromuscular
exercise that includes applying destabilizing translation and rotation of the support surfaces (using tilting and roller boards) underneath the patient’s feet
while the patient attempts to respond to the translation.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 training is limited to a standing position and requires
one-on-one treatment by the therapist during the
training.22 The effects of administering a mechanical 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-contraction indexes in patients after an ACL injury. It
was hypothesized that patients who received training 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 rupture (< seven months from initial injury) who had
not undergone reconstruction surgery and were
between the ages of 14-55 were enrolled in this preliminary 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 perturbation training (Manual group) were used as a control 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), concurrent 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 consent and patient assent was obtained. Patients were
mainly recruited from the physical therapy clinic at
the University of Delaware and local physician clinics. All patients provided written informed consent
for participation in this study.
Training program
Patients were enrolled in this study once they demonstrated no knee pain, minimal knee joint effusion as measured with the modified stroke test,27
full knee joint range of motion, and ≥ 70% quadriceps index. The patients in the compliant group
completed a training protocol on the Reactive Agility 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 surface. 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 sessions of 30 minutes that were administered three
to five times per week. In short, the training program 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 training and emphasized dynamic stabilization and plyometric exercises. The third phase (sessions 8-10) was
similar to the second phase, except sports-specific
activities were added. Patients were given instruction and information during the first session on how
to perform the training, and verbal cues were provided to inform the patient on when the plate would
change its status by dropping down. The training
was progressed to be more random, with unanticipated 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 unanticipated manner at different phases of the training
activities (i.e. jumping up, landing, turning, squatting, 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 training, including increases in the difficulty of the activity, 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 manual 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 training and provided feedback to ensure that the activities 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 Fitzgerald et al.18 These patients received purposeful manual manipulation of the support surfaces that was
administered by therapists. The manual perturbation 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 training of the involved lower extremity without NMES.
Patients with quadriceps strength index more than
90% were instructed to start a strengthening program 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 completion (post-test) of the training protocols. Motion analysis 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’ centers and segments’ positions. Five rigid shell clusters
were also placed on the patient’s pelvis and distallateral aspects of the shanks and thighs to track segments 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 postprocessed using rigid body analyses and inverse
dynamics in Visual3D software (C-Motion, Inc., Germantown, MD, USA) to build individual patient skeleton 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-amplified, stainless steel, bipolar surface electrodes with
a double differential configuration (38x19x8mm preamp 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 femoris, and vastus medialis (VL, RF, and VM), lateral
and medial hamstrings (LH, MH), lateral and medial
gastrocnemius (LG, MG), and soleus (SOL) muscles.

maximum voluntary isometric contractions (MVIC)
that lasted four seconds for each muscle. Maximum
muscle activity was used for normalization in postprocessing. The maximum muscles activities during
MVICs were visually inspected to verify signal quality and gains were adjusted as necessary to avoid
signal clipping. MVICs for gastrocnemii were tested
while standing with the patient utilizing a countertop to provide a counter resistance while plantarflexing 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 filter 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 postprocessed using Visual 3D (C-Motion Inc., Germantown, Maryland). The EMG data were DC corrected,
band-pass filtered at 30-350 Hz, and full-wave rectified. A linear envelope was created with a 6 Hz lowpass, second-order, phase-corrected, Butterworth
filter. The linear envelope for each muscle was then
normalized to the muscle’s maximum activity, identified as the maximum for each muscle from either
the MVIC testing or the walking trails.
Muscle co-contraction indexes, defined as the simultaneous 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:

EMG data were collected at 1080 Hz. Prior to walking
trials, muscle activity was collected while performing
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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 averaged during two intervals of the stance phase of gait:
weight acceptance (WA) and mid-stance (MS) intervals. 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 significant differences between groups (Compliant and
Manual) for patients’ demographics, muscle cocontraction 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-contraction 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 statistical analyses were performed using the SPSS 22.0
(IBM Company, Chicago, Illinois, USA). Bonferroni
corrections were used to adjust for multiple comparisons when necessary, and Eta squared were calculated as an indicator of effect size (ES). Univariate
ANOVAs were used for measures that were significantly different between groups at pre-testing with
the corresponding values of the significantly different 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 academic 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 differences 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). Significant 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, Compliant: 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 (Pretesting: 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 training 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 training. Moreover, the training on a compliant surface
increased some of the muscle co-contraction indexes
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Table 1. Patient demographic measures for manual and compliant groups at
pre-training testing reported as Mean (SD).

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 muscle activation was small. However, the two forms of
perturbation training induced differential effects on
muscle co-contraction indexes and individual muscle activation in patients with an ACL injury. This
might be attributed to the differences in the training protocols between groups and the muscular
demands that correspond with the respective training 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 program 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 perturbation 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. However, 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 surface included physical activities with emphasis on
dynamic stabilization training and plyometric activities that typically require greater muscle force generation. 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 transfer 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 muscle activation during WA may indicate a successful
adaptation to control knee stability in the sagittal 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 sessions. It is unclear why the compliant group had
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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.

higher LH muscle activity compared to the manual
group. Higher LH muscle activity in the compliant 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
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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 compliant 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-contraction may help in stabilizing the knee joint agonist
anterior tibial translation and internal knee rotation 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 compliant 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 muscle 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 performance during high demand activities.44,45 Furthermore, 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 training 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 sample size; therefore, the results should be taken as preliminary 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 investigators with similar requirements for reliability for the
manual perturbation training, as well as during clinical and motion analysis testing. Another limitation
may be related to the differences in the two training 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 manual 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 administering training on a compliant surface induced effects
different from that of the effects seen due to manual perturbation training. Additionally, training
on a compliant surface increased the gross muscle
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co-contraction indexes and individual muscle activation 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 symmetry 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 intervention 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 compromising 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 undergoing 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 rehabilitation 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 programs 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 therapy 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 rehabilitation, have strength, function, and gait mechanics
that remain below normative values from healthy
age-matched individuals up to two years after surgery.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 progressive 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) visits may prohibit participating in progressive retraining programs later in the course of recovery after
THA when these interventions are both warranted
and likely most beneficial. To address the limitations of most post-THA rehabilitation protocols, an

individualized patient-centered therapeutic protocol
that was novel in both content and timing was developed and tested. The protocol was generally developed from previous high-intensity and progressive
rehabilitation that have been used after total knee
arthroplasty.15–17 The content and timing of the protocol 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 sportspecific, 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 anterior 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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replacement, underwent hip replacement for a condition other than osteoarthritis, had active cancer in
the hip, leg or pelvis, or had any other cardiovascular
or pulmonary condition that would affect their ability 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 biomechanical testing. Patients returned 16 weeks after surgery
for follow-up testing. Functional testing was comprised 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 Selfreport 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 external 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 abduction 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.

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 contractions 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 markers 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 system 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 dynamics 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 analysis. 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 therapy location. Patients who chose to undergo therapy
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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 intervention prior to choosing a location for post-operative 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 supervised 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 therapist 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. During 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

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 strengthening 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 produced feedback on gait symmetry.
After 12 post-operative weeks, movement precautions (hip precautions) were lifted allowing for a variety of exercises and motions during the final phase
(weeks 12-16). During this phase, patients completed 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 Specific Functional Scale (PSFS). On the PSFS, patient’s
list activities that are important to them, and quantify their current ability to complete those activities. 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

Table 1. Intervention Patient Rehabilitation Goals that guided the focus of the second half
of the intervention during the last four weeks.
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Figure 1. Drop jump with second jump (Basketball).

Figure 2. Single leg ball throw (Basketball).

(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 (Figure 3), and high knees. Those returning to running performed single leg stability and strengthening exercises

Figure 3. Cone agility and technique drill (in and out of cones).

while also completing a structured running progression program. This program started with walking, progressed to fast walking, alternate walk-jogs, and slow
jogging up to one mile on a treadmill. Those returning
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Figure 4. Golf swing with medicine ball, requiring balance.

Figure 5. Lateral slides for stability for curling.

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 returning 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 6. Sliding position for curling.
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Statistical Methods. Change scores were calculated 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. Descriptive measures of means and direction of change
were also reported. To assess differences in patient
satisfaction 16 weeks after THA compared to individuals 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 number 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

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 experimental 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 difference 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 differences in change score between groups for other

Table 2. Clinical Measures Pre- and Post-Intervention, presented as mean scores,
change values, and conﬁdence 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 intervention 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 improvements 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 significant differences of average vertical ground reaction 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 visits 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 experimental 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 developed as a test for individuals with neurological dysfunction and may not be substantially challenging
for patients after THA. In reviewing the outcomes

Figure 7A and 7B. The ﬁrst 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 ﬁgure 7B shows the intervention group. The mean ground reaction forces during 100% of stance before surgery (black) and after surgery (red) are shown in
both images. In ﬁgure 7A both peaks remain below the 100% dashed line.
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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
deﬁned 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 conﬁdence intervals.

for this test, many patients in both groups preoperative 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
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these scores. It is likely that the study was underpowered to detect a difference given the large variability 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 demonstrated 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 population. Given the clinically meaningful improvement
in strength on surgical side, and statistically significant 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 difference 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 vocation involved getting underneath trucks and climbing 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 satisfaction 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 successful 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 measuring 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, betweenlimb force symmetry improved in the intervention
group during a sit-to-stand task. This is a meaningful result, as asymmetrical movement patterns that
continually overload the non-operated limb are common 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 integrity 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 postoperative 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 rehabilitation 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 exercises independently outside of the clinic, it may not
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be suitable for patients who do not completely comprehend instructions for exercise and progression,
individuals who have low-functional levels and poor
mobility, or patients who are not motivated to perform exercises in their home environment. For successful outcomes communication with the surgeon is
critical for patients enrolled in this type of intervention. Clearance from the surgeon was recieved before
performing any dynamic training component with
patients in this study that may be considered outside the scope of traditional rehabilitation after THA.
All patients in the experimental group routinely followed-up with their surgeons to ensure stability of
the prosthesis and to obtain a prescription for continued 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 activites, after THA include aseptic loosening, fractures,
polyethylene wear, or joint revision.36–39 Although
the anterior approach is becoming more commonplace 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 quality of life and preserving the integrity of the prosthesis 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 participate 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/recommendations 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 evaluating 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 intervening 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 experimental group had worse self-reported functional
scores before THA, despite being younger. Additionally, 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 differences 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 confounding 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 survivorship 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 progressive rehabilitation protocol that includes a
period of home-based exercises, followed by supervised 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 treatment timing and focus on return to high level activity
results in improvements in function and biomechanics 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 different 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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ABSTRACT
Background: Monitoring the volume of activity (i.e. pitch counts) and tracking upper extremity (UE) performance changes is common 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 retrospective 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 volleyball 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 participated in 2017-2018 as reported by the National Collegiate 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 popular 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 experienced 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 division volleyball players.4
Excessive volume of overhead activity has been frequently 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 activity in efforts to reduce injury, often referred to as
‘pitch counts.’ The National Athletic Trainers’ Association 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 shoulder were at four times elevated risk of UE injury.
The associated trend in glenohumeral internal rotation deficiency, decreased total rotational motion,

and shoulder injury has also been documented in
professional baseball pitchers.13 Similarly, a prospective study of elite male handball athletes who were
at elevated risk for shoulder injuries included those
with reduced total rotational motion, external rotation weakness, and scapular dyskinesis.14 A cohort
study of high level male volleyball athletes demonstrated a similar trend, with muscle imbalances of
the dominant shoulder linked to increased injury
risk.15 However, little is known about how shoulder 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 weakness, as identified preseason, were significantly
associated with a throwing-related injury and surgical 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 positioned to participate in preseason, or serial, testing
in efforts to design shoulder injury prevention programs for volleyball athletes, despite a current lack
of evidence-based preventative intervention studies.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 collegiate 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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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. Subjects 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, isometric strength, and UE pain level. UE performance
measures were attained at baseline (week 0), in-season (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 stationbased 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 athletes, 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 values were obtained using a standard universal goniometer 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 coracoid process of the scapula (Figure 1). ER passive

Figure 1. Passive Internal Rotation Range of Motion.

ROM was performed similarly, and care was taken
through manual stabilization of the scapula in order
to isolate glenohumeral joint mobility. Total shoulder 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 participant in supine and recorded as the distance from
the olecranon to the distal ulnar styloid process. A
handheld dynamometer (HHD) (microFET2, Hoggan 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-supination to accommodate the HHD force pad. Test
position was selected to replicate the sport-specific
position of a volleyball hit. Participants were cued to
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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.

Figure 2. Isometric External Rotation Strength Testing with
Handheld Dynamometry in the Scapular Plane.

sit as erect as possible. The HHD was placed against
the door frame for enhanced stability, as adding a
stabilizing device has demonstrated excellent testretest reliability when assessing isometric shoulder 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 normalized 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

Upper Extremity Swing Count
An educational session was provided to the coaching 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 practice sessions each week of swing count data collection
(weeks 1, 7, and 14) were selected based on team availability 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 researchers 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 corresponding 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 formations. At the conclusion of each viewing session,
swing counts were tallied for each athlete.
STATISTICAL METHODS
Statistical analyses were conducted using SPSS version 24.0 (IBM Corp, Armonk, NY, USA). Descriptive
statistics, Pearson correlations, and paired t-tests
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Table 1. Average Perceived vs. Actual Daily Upper Extremity Swing
Count over a Competitive Season. Values expressed as mean ±
standard deviation (95% conﬁdence interval) .

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 (moderate 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 correlated 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 statistical 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.

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 postseason 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 chronological 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 perception of sRPE and training load.30 This is consistent 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
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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% conﬁdence
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% conﬁdence
interval).

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 current investigation also need to be discussed relative

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 hitter, so theoretically may require 30-40 per match in
a best-of-five competition assuming an average of 3-4
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Figure 4. Dominant Shoulder Range of Motion Measurements.

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

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 rotation 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 specific type of overhead activity performed in volleyball
athletes.
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Figure 5. Dominant Shoulder Strength Measurements.

Changes in shoulder mobility for volleyball athletes 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 process to avoid shoulder mobility complications.
Certain patterns have been described for dominant
shoulder strength profiles of elite volleyball athletes, which includes increased concentric/eccentric strength of the internal rotators when compared
to the nondominant UE.15 IR strength gains were
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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 pattern, which raises concern for maintaining appropriate ER:IR strength ratios throughout the season.
It was reported that collegiate male baseball pitchers demonstrated mean ER:IR isokinetic strength
ratios of 0.7 in the dominant UE,35 with recommendations 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 noteworthy 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 professionals to assess shoulder strength ratios upon
return from offseason to address strength imbalances in order to inform injury prevention.
LIMITATIONS
The generalizability of the results is primarily limited 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 athletes 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 correlation with actual swing counts obtained through
video recording as compared to volleyball athlete
self-report. This cohort of collegiate volleyball athletes 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 eightweek period of relative rest. Monitoring the progression of UE performance measures and swing count
volume may have implications for injury reduction
and program development for volleyball athletes.
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EFFECTS OF A LIGHTER DISCUS ON SHOULDER
MUSCLE ACTIVITY IN ELITE THROWERS,
IMPLICATIONS FOR INJURY PREVENTION
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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 trapezius 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%) compared 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 implications 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 consecutive phases (Figure 1): i) 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; 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 support phase which ends as the left foot lands; v) delivery, which starts as a double support phase and ends
at release of the discus.1-3 Each phase has a different influence on the final throwing performance.2,5
Angular momentum of the discus in horizontal and
vertical components increases during the preparation 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 system.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 performance.2 Finally, the majority of horizontal and

vertical velocities are increased by the thrower during 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 throwing 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 thrower’s performance has only been observed through
the study of body coordination (i.e. temporal activation 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 associated 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 ﬁnishes with the left foot
breaking contact. P3) Airborne, which ﬁnishes 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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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 generated through the lower body and are progressively
transferred to the arm throughout the whole movement, 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 handball12 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 abilities. 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 kinematics during the throw.14 However, potential changes
in muscular patterns and coordination during each
phase of the throw were not investigated. Improving the knowledge of muscle activation patterns during the specific phases of discus throw would allow
a more specific strength and conditioning preparation to help improve performance, reduce the risk of
injury and optimise rehabilitation processes.

Within this framework, the purpose of the present
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 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 different mass (1.7 kg vs. 2.0 kg). During the throws,
muscle activity was recorded by using surface electromyography (sEMG) on the following muscles:
BB, the long head of the biceps brachii; DA, the deltoideus 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 calculating normalized sEMG data as a percent of the participant’s maximum voluntary isometric contraction
(%MVIC). In addition to shoulder muscle activation, 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) participated 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.
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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 normalization 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 seconds.18 Prior to the three maximal attempts, the
athletes were familiarized with the procedure and
asked to produce a series of submaximal and gradually 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 physiologists administered the resistance by manual exertion 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, participant stood, arm extended and in 90° abduction in
the frontal plane and 30° anterior flexion in the sagittal plane, thumb oriented upward. The investigators 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 sagittal plane with the forearm in supination. The investigators applied a downward resistance onto the wrist

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 resting at the sides. The participant was asked to internally 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 contraction.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 warmup and MVIC procedures, athletes went to the throwing area and were instructed to perform twelve
maximal discus throws according to the criteria of
realization of the International Association of Athletics Federation (IAAF). Six throws were performed
using a standard 2.0kg competition discus (STD discus). 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 performance 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 camcorders (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
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(2m x 2.5m x 2m) with 12 calibration points was set
out on the throwing area and used for spatial reference.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 backward swing until the end of the delivery phase. Additionally, 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: preparation 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 system (3D Vision, Biometrics SA, France®). Direct linear 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 frequencies 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 subjectdiscus 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 recordings during the entire protocol using the same A/D
converter so that motion analysis, sEMG activity, discus speed and distance data were collected simultaneously during the entire protocol.
Surface electromyography data processing
sEMG data was sampled at 1000Hz and stored on a
wireless ME3000P8 muscle tester (Mega88 Electronics Ltd, Kuopio, Finland). The data was band pass
filtered (10-500Hz) before further analysis. The average 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 activation were detected by using a three standard deviation (SD) threshold procedure.27 The mean sEMG
value obtained from the moving averaged envelopes

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 normalized 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 shoulder-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) during which the trapezius medialis, deltoideus medialis 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, trapezius 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
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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%) compared to STD (64.8 ± 77.9%). The intensity of activation of the deltoideus anterior, trapezius medialis,
deltoideus medialis and latissimus dorsi was not significantly altered between throwing conditions during the whole movement.

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 deﬁned as: P1: preparation; P2: entry;
P3: airborne; P4: transition; P5: delivery. Muscles are deﬁned
as: BB: biceps brachii; PM: pectoralis major; DA: deltoideus
anterior; TM: trapezius medialis; DM: deltoideus medialis;
LD: latissimus dorsi. The different discs are deﬁned as: STD:
standard discus; LGT, lighter discus. The yellow shapes indicate a signiﬁcant difference (p<0.05) between throwing conditions (STD vs LGT discus).

activation of the trapezius medialis, deltoideus
medialis, latissimus dorsi, biceps brachii, pectoralis
major and deltoideus anterior between both throwing 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 delivery 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 pectoralis 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 different between STD and LGT discs only during the

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 discus (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 armshoulder 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-shoulder 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 armshoulder region were almost identical when using
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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
deﬁned as: STD: standard discus; LGT, lighter discus. * Signiﬁcant difference (p<0.05) between throwing conditions (STD vs LGT
discus).

the STD and LGT discus. Only the temporal activation 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 distribution of muscle activation through the different

phases of discus throwing was robust enough to
resist to changes in discus mass in elite throwers,
thus partly rejecting the initial hypothesis. Limiting the variability of the kinematics and muscular
pattern has been associated with a better efficiency
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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 deﬁned as: STD: standard discus; LGT, lighter discus. * indicates a signiﬁcant difference (p<0.05) between throwing conditions (STD vs LGT
discus).

Table 1. Comparison of kinetic and performance variables during the delivery phase (P5) of discus throws
between the two throwing conditions (STD vs LGT discus).

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 different phases throughout the throwing cycle allows for
a better assessment of the mechanical load imposed
by the sport. As displayed in Figure 2, discus throwing requires an almost constant muscle activation of
stabilizer muscles (LD, DM, TM) during the whole
movement. This specific muscle activation sequencing is suggested to be a prerequisite to stabilize and
accompany the throwing arm towards the greatest 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 performance to provide optimum conditions for delivery.4
Because the current study is the first to report temporal 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 during 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 hipshoulder 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 biomechanical adjustments of the athletes. This result
is in agreement with Peng and Huang10 and the data
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from Finanger’s doctoral thesis30 presented by Bartlett4 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 differences between LGT and STD discs as discussed
earlier. An increase in muscle activity during the
delivery phase is paramount to accelerate the armdiscus 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. Consequently, even though these muscles are intermittently active, their ballistic (forward swing) and high
level of activation expose the throwing arm to a risk
of overuse and injury. Muscle, tendon and ligamentous 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 hyperextension during the delivery phase.33
The LD, TM and DM presented a constant medium
to high EMG intensity during the entire throw confirming their role of stabilizer muscles. More specifically, 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 excessive fatigue and even overuse in discus throwing.
In addition, weaker stabiliser muscles may fail to
contain the shoulder joint and position of the throwing arm, thus exposing the rotator cuff to excessive
mechanical load to compensate for this. Consequently, 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 performance 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 associated with higher release speeds. Release speed is
reported to be the most influential determinant of
the distance of the throw and the emphasis in training 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 acceleration of the throwing arm from the second double 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 thrower’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 maximize the discus spin and provide sufficient gyroscopic 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 discus throw. Using a lighter discus can add some variability 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 optimize their rehabilitation protocols for injured athletes. Injury prevention programs should also focus
on the throwing phases with highest muscle activity. Although valuable sEMG and kinetic data were
obtained during several discus throws performed
by elite athletes in ecologically consistent conditions, 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 during 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 variability in muscle activation pattern of the throwing arm
by using a lighter discus as no marked increase or
decrease in muscle activation was noticed. Throwing kinetics and performance were also altered by
using a lighter discus as the discus speed increased
at release as well as the throwing distance, confirming 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-competitive training to add variability in muscle activation 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 pathologies, 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 stretching 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 measures 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 performance.1,2 Traditionally, a pre-activity warm-up has
included low intensity aerobic exercise and some
form of stretching, such as static or dynamic stretching.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 having 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 inconclusive.1 Therefore, it is crucial to implement effective 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 significantly 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 program as a part of a warm-up on days of competition.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 performance 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 influence performance.3 Performing static stretching
for two minutes or longer has consistently showed
a decrease in performance. Recent recommendations include limiting the amount of static stretching 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 surrounding tissue.12,13 It has been proposed that neural mobilization 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 mobilizations 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 promoting excursion of peripheral nerves from increasing 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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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 improvements in ROM and flexibility in pathological and
health populations.
Neural mobilization can effectively increase flexibility 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 compared 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 mobilization techniques.23 Furthermore, neural gliding was
found superior to passive static hamstring stretching in improving acute hamstring flexibility in
individuals with short hamstring syndrome.24 Castellote-Caballero et al. measured the effects of neurodynamic gliding techniques on hamstring flexibility
in healthy male soccer players, ranging in age from
19-22.25 Subjects were randomly assigned to neurodynamic gliding or no intervention control groups.
The neurodynamic intervention group showed significant increases in hamstring flexibility compared
to the control group after one week.25
The literature examining the effects of neural mobilization on sports performance is lacking. However,
some studies have investigated the use of neural
mobilization following sports injuries. One comparative 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 completed the traditional treatment in conjunction with
neural mobilizations returned to play in a shorter

period of time.26 In addition, a case study examined
the effects of neural mobilizations on an elite baseball player with posterior interosseous neuropathy.
The researchers successfully used nerve glides to
improve nerve mobility, in conjunction with other
conservative interventions, and the patient demonstrated 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 neuropathic pain and function in a collegiate long jumper
after progress with a traditional rehabilitation program including therapeutic ultrasound, stretching
and strengthening exercises had plateaued.28 Further
investigation is needed to compare neural mobilizations to other stretching techniques in order to determine 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 additional neural mobilization.25 Therefore, 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.
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 further 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
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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 dependent 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. Volunteers who had sustained an injury in the prior six
months to the lumbar region or either lower extremity, 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 pretests 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 resting 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

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 gravity (9.81 m*sec-2) and t is flight time was utilized.9
Participants were instructed to complete a countermovement 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 participant’s speed and ability to quickly change directions. 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 reaching 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 shuttle run.33 Participants had a two-minute rest between
each trial.
The 10- and 20-yard dash tests were used as a measure 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. Participants 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
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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 demonstration of the intervention they would perform, participants 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 maintain their spine in thoracic flexion, or a slumped
position. Each person began the neural gliding technique 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 dorsiflexion (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 participant performed the same protocol with the opposite 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

stretches preformed were previously described
by Yamaguchi and Ishii.34 The participants performed the stretch while standing and contracted
and relaxed the antagonist muscle every two seconds, 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. Participants performed the stretch on the opposite lower
extremity and then continued with the next stretch.
Participants were allowed to breaks as needed. Muscles 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 significant interactions or main effect were present. Significant main effects were analyzed using post-hoc
t-tests with Bonferroini adjustments. The level of
significance was set at p ≤ 0.05.

Figure 1. Sciatic Neural Gliding Technique. 1a. Starting position 1b. Ending position.
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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 ﬂexors 5. Quadriceps

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.

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
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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.

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 condition, 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 flexibility 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 neural gliding on athletic performance. Therefore, the

purpose of the study was to compare the acute
effects of sciatic nerve gliding and dynamic stretching 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 hypothesis as sciatic neural gliding did not have a negative
acute effect on the performance of the athletic measurements. 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 intervention for a longer period of time.23,24,25 Castellote-Caballero et al. found a significantly improved hamstring
flexibility, compared to a control group, following
three treatments of sciatic neural stretching over a
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one week period in health young male soccer players.25 The neural gliding group increased their passive 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 flexibility 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 passive 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 stretching protocol which targeted several muscle of the
lower extremity, neural gliding more specifically targeted 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 performance 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 athletic 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 nonsignificant decline in vertical jump height, 10- and
20-yard sprint times and a small improvement in
the shuttle run, but all were not clinically meaningful. 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 hypothesized 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 performance 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 testing 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 conditions. The location allowed for consistent environmental 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 basketball 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 applicable 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 conducted to fully understand the effect of neural gliding. 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. Furthermore, a study investigating the effects of neural
mobilization on specific athletes using sport specific
tests and measures would be beneficial to determining if neural mobilizations should be incorporated
into a team’s warm up. If neural mobilization techniques are included in a pre-event warm-up then
eventually studies should be performed to determine if neural mobilization can decrease athletic
injuries, such as hamstring strains.
CONCLUSIONS
The purpose of this study was to determine the differences 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 neither neural gliding or dynamic stretching had a significant effect on hamstring flexibility or athletic
performance. Therefore, acute neural gliding did
not impair athletic performance and it may be beneficial 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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DURING TESTS FOR ANTERIOR MICROINSTABILITY
OF THE HIP JOINT: A CADAVERIC VALIDITY STUDY.
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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) adductionextension-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-external rotation position (1.9mm; p<0.001). The lateral arm also had the greatest excursion in the adduction-extensionexternal 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 combination 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 consider the combined position of hip extension, external rotation, and adduction to elucidate involvement of the iliofemoral 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 abnormalities 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 microinstability.10-12 Microinstability is a recognized source
of hip pain and disability in athletes that participate
in sports that require repetitive and forceful movements 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 emphasized.14-18 The diagnosis of hip microinstability is typically 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 microinstability from iliofemoral ligament laxity.1 Since forced
repetitive external rotation is known to cause injury
to the iliofemoral ligament,6,11 most tests for microinstability of the hip joint stress the hip in positions
of end range external rotation. These include the
following special tests to assess anterior hip ligamentous laxity: 1) log roll/dial test (external rotation 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 microinstability 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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Figure 1. Log Roll/Dial test. Supine; Passive hip external
rotation to end range with over pressure.
Figure 3. Hyperextension external rotation (HEER)/Anterior Apprehension test. Supine at the end of table with affected
leg hanging off and unaffected knee toward chest; passive hip
extension and external rotation.

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.

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

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 extension.10 A study of intact ligaments found increased
strain on the lateral arm with maximal external rotation in adduction and increased strain on the medial
arm with external rotation in extension.21 The positions to assess for ligament laxity have included hip
extension and external rotation with and without
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Figure 4. Abduction hyperextension external rotation (ABHEER) test. Side lying on unaffected hip; Passive hip abduction to 30°, extension 10° and external rotation to end range
while an anteriorly directed force applied to trochanter.

abduction.1,3,19,20 However, considering the orientation 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 iliofemoral ligament in the test positions commonly
used to assess hip ligament laxity. It was hypothesized that the combined position of hip external rotation, 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 rotation, 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 5. Adduction hyperextension external rotation (ADHEER) test. Side lying on unaffected hip;Passive hip adduction to 20°, extension 10° and external rotation to end range.

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 dissection 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 identified and dissected to isolate the proximal attachment 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 iliofemoral ligament the were marked with an 1/8 inch
eyelet screw. Once the markings of the iliofemoral ligament were complete and the eyelet screws
placed, the capsule was vented in a vertical direction for about 1 cm and spaced 1 cm apart along the
periphery of the femoral neck.
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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 anterior superior iliac spines. This provided a reference
from which the pelvis was securely affixed in a neutral position (neutral pelvic tilt, obliquity, and rotation). 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).

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 alignment in all the cardinal planes. This was confirmed
using a bubble inclinometer and a standard goniometer. A long clamp that extended from the board was
used to maintain the hip in neutral alignment of the
sagittal plane during testing.

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

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 hyperextension external rotation test (HEER test).3,20 The HEER
test placed the hip joint in 10° of hip extension (confirmed with the goniometer), neutral abduction/
adduction and lateral rotation to 45° (confirmed with

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.
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bubble inclinometer). The third position recreated
the abduction hyperextension external rotation (ABHEER) 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 rotation, and adduction was chosen to recreate a position 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/

extension and the bubble inclinometer for rotation
and adduction/abduction. A third investigator used
an electronic caliper to measure the amount of distance the string moved of through the proximal eyelet screw. The distance from initial marking to the
finished test position was recorded. Each test position was repeated a total of three times. Between
each trial, the hip was returned to the neutral position for 20 seconds before returning to the test position. 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 femoral version, acetabular version, and femoral inclination were recorded for each specimen. The version
and inclination angles were measured using a standard 12-inch goniometer (Baseline® Goniometer,
Fabrication Enterprises Inc., White Plains, NY) to
describe the orientation of the acetabulum and proximal 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 parallel 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 individual differences between the test positions.

Figure 8. Positioning of the cadaver for the abduction hyperextension external rotation (AB-HEER) test.

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

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 excellent, 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 ADHEER 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 excursion 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 position (5.6mm;p<0.001).
DISCUSSION
The most important finding of this study was that
a position of hip external rotation, extension, and

Figure 9. Length Change of the Medial and Lateral Arms of
the Iliofemoral Ligament
HEER= hyperextension external rotation; AB-HEER= abduction hyperextension external rotation;
AD-HEER= adduction hyperextension external rotation. Bars represent
standard error.

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
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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 iliofemoral ligament is used. The AD-HEER test position had
nearly six times greater length change of the iliofemoral 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 testing of the hip joint.
The results of the current study compliment previous works on the function of the iliofemoral ligament.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 maximal 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 lateral arm tightened with external rotation.23 Fuss and
Bacher22 performed one of the most extensive evaluations of the hip joint ligaments. A total of 60 different 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 tension of both arms of the iliofemoral ligament. In the

current study, greater changes were seen in the lateral arm versus the medial arm of the iliofemoral
ligament suggesting the proposed tests for microinstability 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 instability, 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 instability 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 sensitivity of 71.0 and specificity of 85.1.20 The prone instability test had a low value of sensitivity at 33.9 but a
high specificity of 97.9.20 Despite showing the greatest combined sensitivity and specificity in detecting 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 positioned 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 findings 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 iliofemoral, 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 population average of 129°.30 To help mitigate the influence 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 similar 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 elasticity of the native ligamentous tissue but is a measure of a change in distance of a non-elastic string.
While length change string may relate to the potential 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 capsular tissues may be different than patients generally
treated for microinstability of the hip. Finally, the
sample size for this project was limited by the number 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 iliofemoral ligament based on the length changes observed
in an anatomic string model of the iliofemoral ligament. The combination of hip extension and external 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 information useful when interpreting tests for instability of
the hip and may consider assessing the hip in the
combined position of hip extension, external rotation, and adduction to elucidate potential involvement 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.
Purpose: 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.
Study Design: Randomized control trial, pretest-posttest control group design
Methods: 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 Restoration® techniques or traditional posture improvement exercises. Following a four-week intervention period, participants
were reassessed using the same aforementioned outcomes completed pre-intervention.
Results: Participants who completed the non-manual, Postural Restoration® techniques demonstrated significant improvements 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 demonstrated 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).
Conclusion: 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 Words: Adduction drop test, asymmetry, compensatory movements, Postural Restoration®
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INTRODUCTION
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 communication.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 gravity 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 pelvis. 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 glenohumeral (GH), vertebral, femoral acetabular (FA), sacroiliac, and costovertebral joints.1,4 If not addressed,
these repeated or sustained positional asymmetries
may lead to movement dysfunctions, tissue structural changes due to overload principles, ineffective or altered muscle contractions, and altered
neuromechanical and biomechanical execution of
movement.5,6 The resulting structural alignment
characteristics have the potential to create pathological or dysfunctional positioning that may then
lead to potential decline in daily living activities and
athletic performances.3,4

interior chain (AIC) pattern. The left AIC pattern
may even be considered inherent and underlie or
pair with other patterns, such as a posterior exterior chain pattern, because of the natural aforementioned asymmetries in the human body.1 Because of
this perspective, and the sampling of convenience of
subjects being a predominately lower extremity athletic population, the investigators focused the development, discussion and application of this research
on the left AIC pattern. The left AIC pattern is
characterized by asymmetries within specific muscles such as the left hemisphere of the diaphragm,
psoas, vastus lateralis, medial hamstring, and associated 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 osteokinematic position of a left AIC pattern includes an
anteriorly and externally rotated (ER) left innominate, 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/posterior 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 orientation of the acetabular surface.7,8,9 Objective findings 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

The professionals at the Postural Restoration Institute® 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

One potential functional advantage of the anterior 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 inhibited 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. Adequate and symmetrical range of motion for involved
joints, along with the efficiency of sequential timing of muscle activation, is necessary for optimal
mobility and performance.10, 11, 12, 13 By improving FA,
sacroiliac, pelvic innominate, GH and vertebral positioning using a variety of alignment and non-manual 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) resulting in enhanced athletic performance. The purpose
behind Postural Restoration® techniques is to aid in
correcting these asymmetries and achieve a position of neutrality by inhibiting or facilitating specific
muscles on either side of the body in order to create
more reciprocal, symmetric, and integrated function.4 Postural Restoration® techniques may help
correct positional or compensatory asymmetries to
improve mechanical efficiency and ease of reciprocal movement. The purpose of this study was 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. 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 order to be included in the study, participants had
to be male, between the ages of 18 and 24 years, currently 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 convenience 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 classify 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-intervention assessments were completed. These objective assessments included a vertical jump test, a pro
agility test, and a series of goniometric measures.
All testing took place at the undergraduate institution’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 analysis 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 analysis (watts). Following the vertical jump, participants then completed an agility assessment called
the pro agility test. The pro agility test is an anaerobic test emphasizing change of direction dynamics over a course of 15-yards.15 The pro agility test
has demonstrated a mild learning effect in previous 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 opposite 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 consistency. 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 positioning was assessed through an adduction drop test,
an extension drop test, and standard goniometric

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 625

measurements including femoroacetabular (FA)
external rotation (ER), FA internal rotation (IR),
FA flexion, FA abduction and glenohumeral (GH)
IR. The goniometric measurements followed standard goniometric measurement protocols, including 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 absolute 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 flexion and a vertically stacked pelvis. The examiner
maintains the top innominate aligned over the bottom innominate, allowing pelvic stabilization for a
clear analysis of the moving limb’s FA arthrokinematics. 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 traditionally 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 femoroacetabular 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 arthrokinematics 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 tissue 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 leaving 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 investigators 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 adduction drop test and a negative extension drop test. A
positive adduction drop test would indicate a nonneutral pelvis. If the pelvis is not in a neutral position,
then this individual should also have a positive extension 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 parallel, 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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Figure 1. Study design.

labelled as a specific number (1-25) with equal possibility of being assigned to either intervention group.
Participants were randomly assigned to either nonmanual, 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 exercise instruction session was complete, each participant 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 posteriorly 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 Mediastinum Expansion in Left AFIR to facilitate internal
obliques and transversus abdominis to achieve pelvic

Figure 2. Treatment Group Exercise #1, 90-90 Hip Lift
1. Lie on the back with feet ﬂat 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 ﬂat 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 permission, www.posturalrestoration.com

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 aforementioned order. (Figures 2, 3 and 4) These techniques
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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 ﬂat 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

were selected and ordered to reflect a sequential combination of repositioning exercises utilizing inhibition
and facilitation techniques commonly implemented
in early rehab and repositioning stages in a clinic setting. 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 patterns, 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 traditional posture improvement exercises. The three
techniques are believed to be utilized by the general public to address global postural concerns seen

in forward and rounded-shoulder posture such as
shortened anterior chest musculature and weakened 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-second hold for both the scapular retraction doorway
stretch and the push-up back extension stretch. All
exercises were to be completed daily over the fourweek intervention period.
Participants were asked to complete their daily posture 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
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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 “ﬁll” 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 “ﬁll” 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

journals and submitted them to the investigators
weekly to ensure adherence to their respective programs. Following the four-week intervention period,
participants were once again assessed with the vertical 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 treatment 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 preto 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 absolute range of motion asymmetry (right to left differences) 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 statistically significant changes in treatment group absolute 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-intervention 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).
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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 doorway 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.

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

Figure 7. Control Group Exercise #3, Push Up Back Extension Stretch
1. Lie face down on the ﬂoor with the arms in push-up position 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.

converted the adduction and extension drop test
scores to numerical values (positive = 1, negative =
0). The mean change was determined for each subject and a series of t-tests was completed. Each limb,
pre- to post-intervention, was compared to a hypothetical mean of zero, indicating an individual who
scored negative on these tests, or was in alignment
and a pelvic neutral position. A statistically significant difference was found for the left lower extremity of the treatment group for the adduction drop test
(p=0.039). A paired sample t-test was used to compare the mean changes of pre- to post-intervention
scores between groups for both tests. Of these comparisons, the left adduction drop test and the right
extension drop test were found to be statistically significantly different between groups (p=0.0369 and
0.0477 respectively) (Table 5). In terms of number
of subjects and percentages of individuals who demonstrated improvement in the adduction drop and
extension drop test, the treatment group demonstrated 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.
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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.

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
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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.

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

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 participants 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 completed, the percentage of exercise completion
per group was calculated. The treatment group

DISCUSSION
According, to Postural Restoration® theory, individuals 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 position of neutrality, this positional pattern of the left
AIC should be addressed by posteriorly and internally rotating the left innominate. According to Postural Restoration Institute’s® theory, upon achieving
neutrality, the individual will regain efficient femoroacetabular 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
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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 proprioceptive 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 experienced 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, or 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 absolute 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-intervention measurements. In other words, the right and
left sides of FA joint motions of internal rotation
and abduction measured had fewer degrees difference, indicating an in increase in symmetry postintervention for the treatment group. These results
suggest that the non-manual techniques utilized in
the treatment group effectively targeted the appropriate muscles responsible for the repositioning of
the femoral head within the pelvic acetabulum leading 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 suggest that repositioning of the pelvis may have taken
place, as intended by the given Postural Restoration®
techniques.
Per Postural Restoration® theories, the aforementioned positional malalignments of a left AIC

pattern influence lumbo-pelvic-femoral resting muscle length. Consider the resting muscle length and
force production relationship. The resting length of
the actin and myosin filaments and cross-bridge formation 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 production 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 distance between proximal and distal muscular attachments 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 positional patterns are beyond the scope of this investigation) 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 contractile 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 facilitation and inhibition of opposing poly-articular chains
in the lower extremities through multiple planes of
motion. The AIC chain functions to facilitate the transition between stance phases of the lower extremities.
Running holds the same use of these alternating polyarticular chains at a faster cadence between facilitation 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 reduction 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 agility 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 participants 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 kinesthetic awareness and motor control of the polyarticular muscle chains. Postural Restoration® techniques
require an individual to have increased kinesthetic
awareness and attention to body placement and position in order to complete them correctly. Thereby, a
forced practice that can facilitate an improved kinesthetic control would allow a subject to have greater
position sense of their body during a test and potentially 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 agility test. Another related hypothesized neurological idea is through an increased potentiation, or up
regulation of neural programming. Increased facilitation 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 foundational 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 control 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 reflexive and passive structures. Improvements in power
are not achieved through Postural Restoration® or
traditional posture improvement exercises. During the development of the methods, the investigators 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 positions 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 participants being in the same sport (hockey) and many
being on the same team. The investigators acknowledge 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 reprogramming of neural pathways. Participants may
have experienced limitations in motor learning and
limited carryover of new motor pathways if they continued to move within their old habitual patterns during 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 program. A second limitation was the absence of continuous evaluation by a clinician or study investigator
in order to modify and progress the interventions to
meet the positional alignment changes of the participants throughout the study. Individualized programs 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 statistically significant changes pre- to post-intervention 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 neutrality and performance is not as strong as originally
hypothesized.
The investigators would like to see future research
integrating a form of progression of interventions,
even if not fully customized to the participants. Subsequent variations of this current study may include
isolating the type of sport observed and identifying
initial positional pattern biases that would influence 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 measures of the FA joint in order to truly define a position of neutrality.
With mixed results, limited quality of researched
explanations for relevant findings, and areas to further 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 specific performance, injury prevention, and return
to play programs). As a profession, physical therapists pride themselves on being movement experts,
and as such, they need to be knowledgeable in the
content and integration of all aspects of the neuromusculoskeletal systems through the lens of
movement efficiency. Clinicians need to be able
to optimize movement in both the performanceoriented, healthy and active individuals as well as
the clients with identified pathological impairments.
Addressing the optimization of an individual’s movement 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 measures 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 limited. This study demonstrates the potential application of utilizing a non-traditional method of assessing
alignment and prescribing interventions to an entire
team that facilitate training from a position of neutrality 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
The purpose of this study was to examine the difference 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 differences were found in changes of joint range of motion
or power assessments (vertical jump) between preand post-interventions of both the treatment and
control groups. Limited improvements in joint symmetry 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 treatment 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 everyday at home to impact motion and performance.
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DRY NEEDLING IN THE MANAGEMENT OF PATIENTS
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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 management 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 treatment 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,

1

Fellow, Army-Baylor University Doctoral Fellowship in
Orthopedic Manual Physical Therapy, Brooke Army Medical
Center, Fort Sam Houston, TX, USA
2 Senior Faculty and Professor, Army-Baylor University
Doctoral Fellowship in Orthopedic Manual Physical Therapy,
Brooke Army Medical Center, Fort Sam Houston, TX, USA
3 Associate Professor, University of the Incarnate Word, School
of Physical Therapy, San Antonio, TX, USA
4 Program Director and Associate Professor, Army-Baylor
University Doctoral Fellowship in Orthopedic Manual
Physical Therapy, Brooke Army Medical Center, Fort Sam
Houston, TX, USA
5 Clinical Associate Professor, Baylor University Doctoral
Program in Physical Therapy, Dallas, TX.
6 Associate Professor, South College Doctor of Physical
Therapy Program, Knoxville, TN, USA

Acknowledgements: The opinions or assertions contained
herein are the private views of the authors and are not to be
construed as ofﬁcial or reﬂecting the views of the United
States Army or Department of Defense.
The authors afﬁrm that they have no ﬁnancial afﬁliation
(including research funding) or involvement with any
commercial organization that has a direct ﬁnancial interest in
any matter included in this manuscript.

CORRESPONDING AUTHOR
Brandon C. Morgan, PT, DSc
86th Medical Operations Squadron, Physical
Therapy Flight
PSC 2 Box 6697 APO, AE 09012
E-mail: brandonmorgan.dpt@gmail.com
Phone: +49 0175 473 2570

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 637
DOI: 10.26603/ijspt20190637

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 Subacromial 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 Common 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 provide any additional benefit over lower risk physical 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 exercise program results in greater reduction in pain and
improvement in function as well as greater improvements in strength compared to exercise alone.8-10
Recent guidelines also recommend considering the
treatment of myofascial trigger points in the management of SAPS,5 which have been identified as a
common source of symptoms in patients with unilateral, 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 (contraction 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 specifically 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 needling for SAPS is mixed. A 2017 randomized clinical
trial found large between group effect sizes in shoulder 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 individualized physical therapy compared to individualized physical therapy with dry needling.29
Currently there is minimal information regarding the process of utilizing dry needling as well

as a lack of discussion regarding the framework
of clinical reasoning in the application of dry needling 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 previously 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 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. Additionally the authors discuss how a framework of clinical reasoning may be
applied in the utilization of dry needling and exercise 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 accordance 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 Shoulder Pain and Disability Index .84), and is responsive
to symptom and functional change across a number 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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Table 1. Inclusion and Exclusion Criteria.

Table 2. Outcome Measure Data Collection Timeline.

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 physiological 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 relevant and clinically expedient. A Minimum Clinical
Difference (MCD) of 11 degrees was used for standing 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 sessions, 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 questionnaires, patients participated in a comprehensive
patient-focused interview and an appropriately

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 639

tailored physical examination at a vigor based on the
severity and irritability of symptoms.41,42 Clinical reasoning is required to prioritize diagnostic hypotheses,
determine structures to be examined, choose the corresponding 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 tissue structures including muscles and tendons in the
shoulder region. Shoulder AROM, MMT, and impingement provocation tests were performed with the
patient in standing, while passive shoulder ROM was
evaluated with the patient lying supine on an examination 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. Palpation of posterior musculature performed with the
patient lying in prone included the supraspinatus,
infraspinatus, teres minor and major, posterior deltoid, latissimus dorsi, rhomboid minor and major,
lower/middle/upper trapezius, cervical paravertebral, and thoracic paravertebral muscles.
Careful and thorough palpation was conducted by
the examining therapist for the identification of trigger 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 differentiate between what was potentially “normal” discomfort
and areas that produced the patients’ familiar symptoms. 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 trigger 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 classified 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 examination 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 program. The most commonly used manual examination
of passive accessory motions of the shoulder included
superior-to-inferior, anterior-to-posterior, and posterior-to anterior glides of the head of the humerus in
the glenoid and nerve mobility.44 At successive treatment 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 examination. One physical therapist with seven years of
clinical experience completed all the examinations
and interventions on the patients. The physical therapist had three years of dry needling experience (20102013, 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 training was used in the examination and treatment progression 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 subcutaneous tissue that required penetration to reach
the trigger point. Clean technique was used throughout 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 seconds using a sparrow pecking (in and out motion)
technique.47 Routine examination also included palpation of the cervical and thoracic paravertebral
muscles; however, none of the patients in this study
had identifiable trigger points in these areas. The tailored treatment approach continued by determining
the patient’s intra- and inter-session response to each
application of dry needling and progressing examination 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 treatment 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 exercises 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 exercises with the supervision of the physical therapist
to assess performance and to ensure that the exercises did not provoke symptoms.48 The carefully constructed 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 exercise. Patients were instructed to perform strengthening 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 evening 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 provoking 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 complete 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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Table 3. Patient Demographics.

and minimal localized bruising following treatment.
No patients required additional medical care or additional medications as a result of receiving dry needling 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 demonstrated 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 demonstrated 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 worsening AROM compared to baseline after the initial
two dry needling treatments. At the 3-month followup, 14 of 16 (88%) patients with AROM impairments
at baseline demonstrated improvements in abduction 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.
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Table 4. Individual Outcomes at Each Data Collection Point.
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Table 4. Individual Outcomes at Each Data Collection Point. (continued)

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 better” (+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.
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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.

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

Some muscles had multiple trigger points that each
warranted treatment. The reported frequency of
muscles needled in this study (Appendix 1) represents 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 provided an opportunity to observe the immediate effects
of dry needling in isolation since exercises were withheld until the third visit and after the third measure
of the dependent variables. In typical clinical practice,
we would prescribe appropriate individualized exercises immediately following dry needling at the initial
treatment session. We observed that with two applications 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 interesting observation was the rapid improvements in motion
for patients who presented with movement impairments. 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 initiation of exercise, patients appeared to continue to
improve consistent with the reported outcomes and
prognosis for patients with SAPS treated with an exercise 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
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did not report immediate (within the first three visits)
outcomes as described in this study. The improvements in ROM, shoulder function and pain reported
by most, but not all, patients within the first two visits 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 impairment-based treatment approach using consistent clinical reasoning. Information derived from the interview
revealed the likely tolerance of the patient to examination and treatment. The physical therapist’s assessment
of symptom location and behavior, functional limitations, palpable trigger points, physiologic and accessory shoulder and spine range of motion, and shoulder
muscle function determined the type, focus, duration,
and dose of the interventions. Detailed ongoing assessment 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 limitations 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 evidence that utilizing dry needling early in the intervention 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 demonstrated improvements in ROM but never obtained full
abduction AROM, possibly indicating that this group
may have benefitted from additional movementbased 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 trigger points while also initiating joint mobilization and
reinforcing assisted active ROM exercises. Alternatively, if the patient does not have a positive response
to dry needling, while still re-assessing trigger points
and possibly progressing dry needling, greater emphasis 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 presentation 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 relationships 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 performing 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 needling combined with exercise for patients with SAPS

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 646

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

and provides discussion on the framework of clinical reasoning used in the clinical application of dry
needling. With the current substantial evidence
supporting exercise for patients with SAPS and limited 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 impairments, 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 intervention as part of a comprehensive treatment plan.
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Appendix 1. Speciﬁcs of treatment for each patient. (continued)
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ASSESSING AND TREATING GLUTEUS MAXIMUS
WEAKNESS – A CLINICAL COMMENTARY
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ABSTRACT
The Gluteus Maximus (GM) muscle is the largest and most powerful in the human body. It plays an important 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 underperformance. 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 evidence into practice to support practitioners when faced with ‘sleepy glutes’. This clinical commentary discusses 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.
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INTRODUCTION
In a normal functioning human, the gluteus maximus (GM) is the strongest and biggest muscle in the
body. It is an important muscle, which has developed 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, displays 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 depending 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 commentary will review the role of GM in injury risk, its
importance for optimal biomechanics and athletic
performance and provide practical recommendations on how to assess and treat GM weakness and
dysfunction.

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

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 posterior 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 portions, with the superior portion inserting into the
iliotibial tract of the fascia lata and the inferior portion inserting at the gluteal tuberosity of the femur.10

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.

GM assumes three basic functions, to act as both a
local and global stabilizer and to exert force (to perform 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

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. Collectively, the GM functions in conjunction with the
other gluteal muscles (gluteus medius and gluteus
minimus) to stabilize the hip by counteracting gravity’s hip adduction torque and maintain proper leg
alignment by eccentrically controlling adduction
and internal rotation of the thigh.18,19

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 muscle dysfunction. As such, when this muscle is dysfunctional it does not stop movement or necessarily
elicit symptoms of injury as compensation occurs.
However, the resultant altered intrinsic muscle coordination 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 anterior cruciate ligament injuries21 low back pain24,25
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hamstring strains,26 femoral acetabular impingement syndrome17 and ankle sprains,27,28 and its weakness/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 underlying 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 extension 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 primary 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 influence 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 overactivity 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

Pain and/or swelling
Pain is considered a potent inhibitor of GM resulting
in delayed and reduced GM activation with concurrent 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 protective mechanism to preserve short term musculoskeletal 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 proposed 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 nervous 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 following injury using fluid injection into the hip capsule 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
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may include isometric or isokinetic assessment of
hip extension strength using an isokinetic dynamometer.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 ability to optimally contribute to neuromuscular control. 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 underlying 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.

Assessing muscle activation
Often GM can be strong but may present with
reduced activation or delayed onset during functional 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 electromyography [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 Having an understanding of both neuromuscular activation (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 Clinically 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/displacement, 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

Figure 1. Qualitative assessment of movement patterns can allow for indication of speciﬁc muscle function. The femoral internal rotation and adduction (1a), and so medial knee displacement (1b) may indicate insufﬁcient function of gluteal muscles, presented here by two young male athletes during a jumping and a deceleration task.
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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/repetitions 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 supports player/patient education, increased buy-in (a
sense of an individualized approach) and optimized
self-management (e.g., not reliant on external technology 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 shortened position during a short lever bridge, synergistic
dominance is typically indicated by cramping of the
hamstring muscle31 (e.g., active insufficiency).

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 anterior 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). Additionally, 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 combination 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 movement 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.

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 movements, specifically a bilateral squat/overhead squat.49

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 stability role.7,51 This altered coordination can have influence 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 coordinative control between the core stabilizing musculature. 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).

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 incorporate 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 holistic in nature, the degree of time and attention spent

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 situations, which would be expected to result in synergistic 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 challenging exercise. Ensuring a sufficient stimulus to
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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).

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 intensity.52 Neuromuscular activation of 40-60% is recommended as a minimum for a strengthening effect,53
although it is apparent there is a dose-response relationship with greater gains in strength from exercise 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 volitional fatigue.59 This would result in activation and
fatigue of the respective motor units, with the addition of progressively larger motor units with time.
The efficacy of low to moderate load strengthening

exercises (≤70% MVC) for developing maximal
eccentric strength and RFD is however, questionable.60-63 It is now becoming accepted that adaptations 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 maximal 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 neuromuscular optimization, highlighting the need for
effective training programming/periodization.
Recently, there has been a body of research investigating the GM recruitment during various exercises.28,45-47,64-67 This research has reported GM activation
across various exercises including non-weight bearing (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
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coordination. It is known that enhanced muscle
strength does not directly transfer to enhanced functional 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 strategies). 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

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 activation 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 neuromuscular 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.

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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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 balancing hip and knee contributions, with the knee slightly but not excessively over the toe and similar hip and knee ﬂexions (4b).

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 activation and 2) maximize the motor pattern retraining
beneﬁt. 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 (Figure 4) is thought to be the result of weak or underactive 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 ﬂexed position.74,75 As such, coaching
the athlete in optimal movement strategies (e.g.,
optimal sagittal plane motor strategy and no presence 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

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 different forms of feedback (from real time to delayed feedback)
to the patient as part of movement education, as well as
assessing motor performance.

maximal strength, and thus may work at lower than
optimal intensities in certain WB exercises, thus resulting in lower than maximal activation values. Optimizing GM activation can at times be achieved by ensuring 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 modulate activity. For example, in trained athletes, Foley
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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 elevate 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, including 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 stabilize the hip in the frontal (resisting gravity’s hip
adduction torque) and transverse plane (preventing
internal rotation of the thigh) and generate movement 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 speciﬁc 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 exercises 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 isolation, 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-specific 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 elevated activation (e.g., exercises using external rotation, abduction and hip extension).72 Additionally,
it is important to note that even during NWB isolated exercises, other muscle groups than GM will
contribute (e.g., hamstrings and adductor magnus as
hip extensors or biceps femoris during external rotation). 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 example, 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 hamstring: 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 freedom, 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 exercise 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-speciﬁc
motor control
Improved biomechanics in sports-related tasks does
not necessarily optimise biomechanics during actual
sporting performance.78 Additionally, although optimizing biomechanics during sporting tasks is important 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 levels of force and power during sporting tasks. The
biomechanical characteristics of sporting movement 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 pelvis in these high load actions, requires differ functional 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 (50200 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 sportspecific 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

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 664

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).

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. Plyometric 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 200300% EMG maximum (reference was EMG during
a maximal prone hip extension task).83 Furthermore, 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 during sprint running were at heightened risk of sustaining a hamstring muscle injury.26 So, optimizing
GM recruitment in sprinting could support a reduction 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.

The International Journal of Sports Physical Therapy | Volume 14, Number 4 | August 2019 | Page 665

SUMMARY AND IMPLEMENTATION
CONSIDERATIONS
Above the roles of GM, its contribution to injury, and
factors which are thought to inhibit it have been discussed. Strategies to assess GM function, including
assessment of strength and activation, movement
quality and lumbopelvic alignment, mobility and
stability were then presented. Finally, treatment
approaches based on utilizing a holistic approach
to GM treatment were presented including releasing and lengthening the antagonists, realigning the
pelvis, developing lumbopelvic stability, strengthening GM and integration into basic motor patterns, as
well as then optimizing its function, through restoring explosive neuromuscular and sporting performance. The strategies will depend in part of the
profile of the individual, thus requiring the need for
optimal assessment and appropriate clinical decision making on the part of the rehabilitation professional. In those patients with severe dysfunction
and limited strength capacity, a greater focus on corrective exercise may be needed, before the muscle
can be strengthened and trained to work optimally
in functional tasks. This corrective program should
begin with NWB to develop the strength capacity
of the muscle and address other factors causing its
inhibition. Following this corrective programme,
it is essential to retrain optimal motor patterns
by integrating GM into normal foundation motor
tasks. Optimal and consistent performance in foundational exercise such as squats is a pre-requisite
for progression to high load (e.g., use of additional
weight) foundational exercise tasks.84 Thus, a movement re-integration and patterning programme is
needed prior to progressing to a strength, power and
sports based exercise program (e.g., optimization of
explosive neuromuscular performance) (Figure 9).

providing clinicians with a resource to support practice in a common but often difficult problem, correction of GM dysfunction.

This clinical commentary aims to enhance practice
and facilitate more optimal outcomes after injury by

11. Snijders CJ, Vleeming A, Stoeckart R, et al.
Biomechanics of the interface between the spine and
pelvis in different postures. In: Vleeming A, Mooney
V, Dorman T, et al. eds: Movement, Stability and Low
Back Pain. Edinburgh, Churchill Livingstone, 103-113,
1997.

Figure 9. Simple model of GM treatment strategy, beginning
with a thorough assessment, tailored corrective programme
followed by motor pattern retraining to re-integrate GM into
normal function and then training to optimise GM function in
sport-speciﬁc tasks.
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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 Breakers®, augmented soft-tissue mobilization or ASTYM®,
and Fascial Abrasion Technique™ that each teach
their own treatment approach and design their
own instruments (e.g., specific material, instrument shape). The popularity of IASTM has also
prompted an emerging body of research on the efficacy 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 subjectivity. Most of the case reports describe successful
treatment of tendinopathies,2,4,7,8,10-13,16,18,20 arthrofibrosis17,21, and individuals with cerebral palsy.22,23
Recently, higher level controlled investigations
have been published with researchers investigating
the effects of IASTM on musculoskeletal pathologies,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 randomized 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 criteria. 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 therapeutic 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 concluded 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 to be a lack of discussion
regarding the clinical standards for the delivery of
IASTM, such as describing the intervention, indications, precautions, contraindications, tool hygiene,
safe treatment, and assessment. A recent search 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 myofascial 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 challenge for sports medicine professionals who administer IASTM as an intervention for clients with
different musculoskeletal pathologies, as well as for
researchers studying the effects of the technique.
There is a need to develop best practice standards for
IASTM through a universal consensus of the topics
noted in the prior section. The purpose of this commentary is to discuss proposed clinical standards,
and to encourage other sports medicine professionals 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, indications, precautions, contraindications, tool hygiene,
safe treatment, 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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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 tissue properties (e.g., identify tissue adhesions) while
facilitating the patient’s awareness of altered sensations 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 neuromobilization,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 clinical trial that followed the complete Graston® treatment 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 understanding 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 instrument soft-tissue mobilization.

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 communicate 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 modalities, etc.) as guided by the teachings of the instructing body/company. Professionals and researchers
shoulder also consider using the Consensus on Exercise Reporting Template (CERT) which provides an
organized process of reporting clinical interventions
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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 reference 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 evidence). There is a growing amount of controlled
clinical trials (≥ Level 3 evidence) supporting its
treatment efficacy as reported in recent systematic 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 physiological efficacy.
Therapeutic Efﬁcacy
Numerous authors have reported positive outcomes using IASTM (Table 1). The majority of
case reports or case series describe a multimodal
treatment program where IASTM was combined

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 clinical practice.
Clinical investigations on the therapeutic effects of
IASTM have also been published. Several intervention studies have reported favorable results with
IASTM for carpel tunnel syndrome,25 myofascial trigger points,28,34 chronic low back pain,53 non-specific
thoracic spine pain,51 ankle instability,35 post mastectomy,32 and post total joint arthroplasty.31,33 Observational 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 measured 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

Table 1. Suggested Instrument Assisted Soft-Tissue Mobilization Guidelines.
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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 demonstrated 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 findings 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 treatment precautions, and contraindications.39 In contrast, 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

three publications that discussed recommended precautions 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 contraindications 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 conditions, 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 presence of petechiae after treatment. Petechiae are
observed as red and purple spots due to bleeding
from broken capillaries near the skin’s surface from

Table 2. Precautions for Instrument Assisted Soft-Tissue Mobilization.
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Table 3. Contraindications for Instrument Assisted Soft-Tissue Mobilization.

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 compressing strokes with an instrument over a lubricated
skin region until the petechiae appear.43 Traditionally, IASTM practitioners have followed the same
philosophy with a goal of achieving the same effects
with treatment.43,49 Clinically, petechiae can be considered 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 pelvic regions, and the cervical region.49 Currently,
it appears that 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 petechiae 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 potential consequence, while limiting further treatment
after the onset of petechiae to prevent further tissue
trauma.

The authors of this commentary suggest that
bruising or ecchymosis at the site of treatment
should be considered a contraindication. Traditionally, 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 creating 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 considered a starting point for sports medicine professionals 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
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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 guidelines 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 process or safe treatment sequence. The IASTM instruments are often constructed of different materials
such as but not limited to stainless steel, titanium,
plastic, buffalo horn, stone, quartz, and jade. Regardless of material, the instruments should be considered a reusable medical device that should undergo
proper hygienic procedures before and after patient
treatment. Disposable or single use IASTM instruments may be beneficial to help prevent infections,
but to the authors knowledge, manufacturers are
only creating reusable instruments.
The main concern for sports medicine professionals 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

disinfectants (e.g., Glutaraldehyde) to clean before
reuse (Table 4).80 Some items that may come in contact 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 membranes 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-critical 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 chemical disinfectants to clean the Gua sha instruments
and a safe handling protocol using personal protective equipment (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 diagnosis of a herpes simplex viral infection secondary
to acupuncture and cupping, while another review
cited several reports of acupuncture related infections.83 The incidence of IASTM related or induced
infections has not been reported. Thus, the potential

Table 4. Center for Disease Control Levels of Disinfection.80
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risk for infection may be less with IASTM, and cleaning 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 recommended that an intermediate-level disinfectant be
used, which often has less handling precautions than
high-level disinfectant.80 The intermediate-level disinfectants (e.g. isopropyl alcohol) are stronger than
low-level disinfectants and are available in different size commercial wipes and sprays, which make
them practical for different sports medicine settings.
After disinfecting the instrument for the recommended 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 sterilization should be done to ensure proper cleaning of the
instrument before reuse.43,80 The professional should
use good clinical judgement and disinfect instruments 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 equipment 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 reducing 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 seconds.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 Professional 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 administered 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, disposing 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 professionals and researchers. The suggested best practices should be modified according to the patients’
needs and the clinical setting. Further research is
needed to determine the safest cleaning and treatment 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 algometry28,34,40,56,66 and tactile discrimination with a twopoint 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 functional tests. 35,36,57 It is important to note that the outcomes listed in this section are from IASTM clinical
trials and many other PROs and clinical measures
may have been used within the published case studies 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. Currently, IASTM lacks best practice guidelines which
creates a challenge for both sports medicine professionals and researchers. The current lack of clinical standards warranted a discussion describing the
intervention, indications, precautions, contraindications, tool hygiene, safe treatment, and assessment,
with the following resultant clinical suggestions:
•

For describing IASTM, sports medicine professionals should consider describing the intervention 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 replication, and improve systematic analyses.

•

For indications, IASTM has demonstrated efficacy 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 temperature and circulation,60 mechanoreceptor and
nociceptor activity,56,66 and may aide in connective tissue remodeling.68,69 The list of indications
should constantly evolve as sports medicine professionals and researchers further learn the utility of the intervention.
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•

The precautions and contraindications discussed
here should be considered a starting point in
developing more specific guidelines. Sports medicine professionals may want to create their own
list based upon their patient population and clinical practice. For tool hygiene and safe treatment,
the proposed guidelines for tool disinfecting and
safe treatment should also be considered a starting 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
This clinical commentary discusses proposed
IASTM clinical standards for describing the intervention, indications, precautions, contraindications,
tool hygiene, safe treatment, and assessment. To
date, these standards have not been discussed extensively in the IASTM literature. The goal of this clinical 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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