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ABSTRACT
Background: Ankle injuries account for up to 40% of all sport related injuries. These injuries can result in weeks to 
months of missed sport or work. The PRICE (Protection, Rest, Ice, Compression, Elevation) treatment is standard care 
for most acute ankle sprains. Recently, early mobilization in adults has been shown to decrease time off from sport or 
work, and the likelihood of developing chronic instability. To date, no research has been performed assessing the effec-
tiveness of early mobilization in pediatric patients (<18 years). Purpose: There were two objectives of this study: (1) 
to determine if early ankle joint mobilization using elastic band traction is effective and (2) assess the occurrence of 
adverse events with this technique in the pediatric population.

Methods: Patients with an acute ankle sprain of <7 days referred to physical therapy were randomly assigned to 
receive early mobilization or PRICE. Early mobilization was performed using a stretch band ankle traction technique. 
Both groups received a standardized rehabilitation program. Pain, edema, ankle strength using hand-held dynamom-
etry, and Foot and Ankle Disability Index (FADI) were measured at both initial evaluation and at discharge. The 
number of days before return to sport and the number of treatment sessions were also variables of interest.

Results: Forty-one pediatric patients were recruited for participation (mean age 14.6 + 1.9 years). Both treatment groups 
had clinically significant improvements in pain, edema, strength, and FADI scores. No significant differences in outcomes 
were noted between treatment groups. Mean number of days for return to sport for the PRICE group was 26.33 + 7.14 
and the early mobilization group was 26.63 + 14.82, the difference between groups was not significant (p= 0.607). The 
number of total visits for the PRICE group of 8.07 + 2.63 and the early mobilization groups of 8.5 + 1.57, was also not 
statistically significantly different (p= 0.762). There were no reported adverse events with early mobilization. 

Conclusion: Early mobilization appears to be a safe intervention in pediatric patients with an acute ankle sprain. 
Early mobilization resulted in similar outcomes when compared to traditional PRICE treatment. A high drop-out rate 
in both treatment groups was a limitation of this randomized trial.

Level of evidence: 1b

Key words: Ankle sprain, pediatric, mobilization
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verses the traditional treatment PRICE, as well as use 
a technique that could be replicated at home indepen-
dently in areas where access to physical therapy ser-
vices maybe limited. Therefore, the two objectives of 
this study were: (1) to determine if early ankle joint 
mobilization using elastic band traction is effective 
and (2) assess the occurrence of adverse events with 
this technique in the pediatric population.

METHODS
The design of this study was a single blinded ran-
domized controlled trial using a sample of conve-
nience. Patients presenting to Nationwide Children’s 
Hospital sports medicine or physical therapy clinics 
in Columbus, Ohio with an acute lateral ankle sprain 
were eligible for participation. Patients were diag-
nosed with acute lateral ankle sprains by the sports 
medicine physician. This study was registered at 
ClinicalTrials.gov (Identifier number NCT01134653). 
The institutional review board approved this study 
prior to recruitment and data collection. Inclu-
sion criteria were; patients 8-18 years old, with an 
acute lateral ankle sprain of <3 days. The inclusion 
criteria of duration of ankle sprain was later mod-
ified from 3 days to 7 days due to recruitment dif-
ficulties. Patients were excluded if they had a: latex 
allergy, syndesmotic ankle sprain, concurrent lower 
extremity injury, previous history of lower extrem-
ity surgery or fracture in the past year, inability to 
follow directions, and inability to attend follow-up 
appointments. After the parent or legal guardian 
and patient gave informed consent/assent and prior 
to randomization, the patients were evaluated by a 
physical therapist. Pre-treatment evaluation mea-
sures included clinical and self-report measures. 
These same evaluation measures were completed at 
discharge by a different blinded therapist.

CLINICAL MEASURES

Figure Eight Tape Measurement of Ankle 
Edema-
Ankle and mid-foot edema was measured using the 
figure-of-eight procedure described by Esterson15 and 
modified by Petersen.16 This is performed by using a 
flexible tape measure with the zero point positioned 
in the groove at the edge of the lateral malleolus, 
approximately midway between the prominence of 
the tibialis anterior tendon and lateral malleolus. The 

INTRODUCTION
Ankle sprains are the most common acute injuries 
sustained in sports with approximately two million 
occurring annually in the United States.1,2 Ankle 
sprains account for 40% of all sports related inju-
ries.3 Lateral ankle sprains specifically account 85% 
of all ankle sprains.3,4 Up to a third of lateral ankle 
sprains can become chronic injuries with persis-
tent pain, swelling, and limitation of activity.5 Inju-
ries such as these lead to lost time on the playing 
field and decreased ability to function in school and 
work.1,2 Medical costs associated with ankle sprains 
have been estimated at $3.65 billion.2 Thus, it is 
imperative to try to speed the recovery time associ-
ated with these injuries in order to both decrease 
medical costs and enhance return to function. 

The current standard of treatment for acute ankle 
sprains continues to be defined by the acronym 
PRICE (protection, rest, ice, compression, eleva-
tion).6,7 However, more recent evidence supports 
the supposition that early movement will hasten 
recovery as compared to rest.8,9 Some of the benefits 
of early movement for acute injuries include earlier 
return to work, decreased pain, swelling, and stiff-
ness, and greater preserved joint motion.8 Pain per-
ception has also been shown to decrease 24 hours 
after mobilization for lateral ankle sprains.10 Fur-
thermore, early movement does not increase liga-
ment laxity or prolonged symptoms.8

Manual therapy consisting of a combination of joint 
mobilization and manipulation has been found 
effective for treating acute ankle sprains in adults.11 
Adults with acute first-time ankle sprains treated 
with early mobilization report more comfort and ear-
lier return to work than adults treated with immobi-
lization. 12 Both mobilizations with movement and 
talocrural mobilization safely lead to increased dor-
siflexion motion.13,14 Talocrural mobilizations lead 
to fewer treatments and improved stride speed as 
well.14 Joint mobilization and clinic supervised exer-
cise provides better improvements in pain and func-
tion when compared to a home exercises program.4

Although early joint mobilization is effective in adults, 
studies have not assessed the efficacy or safety of early 
mobilization for pediatric patients (<18 years) with 
lateral ankle sprains. This study examined return to 
sport times for patients who receive early mobilization 
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FADI has a reported minimal detectable change 
(MDC) of 4.8 points.22

Interventions
After the evaluation, the patients were randomly 
assigned to either traditional PRICE treatment or early 
mobilization. The therapist that completed the evalu-
ation then performed the assigned treatment. The 
evaluation measures were performed before group 
assignment to maintain blinding during data collection.

PRICE group
Patients randomized to the PRICE group were 
instructed in ankle compression wrapping if they 
had not already been issued a lace-up ankle brace. 
If issued a lace up ankle brace by their physician, 
the brace provided compression. Patients were 
instructed to wear compression during weight-bear-
ing activity and at least eight hours a day. During the 
first 72 hours these patients were instructed to rest, 
use intermittent ice and compression, as well as 
elevate their sprained ankle at least 12 inches while 
lying in supine. Patients were instructed to remove 
their brace to ice and elevate their ankle for 20 min-
utes, two times a day. 

Early Elastic Band Mobilization Group
For the early elastic band mobilization group, the 
talocrural distraction technique described by Hartz-
ell and Schimell 23 was followed. Two mini Jump 
Stretch® bands (JumpStretch Inc. Stow, Ohio) were 
looped around the patient’s shoe, so that the cen-
ter of distraction pull was directly inferior to the 
talocrural joint. (Figure 1) The therapist used these 
bands to put as much horizontal traction on the 
ankle joint as possible without creating pain. The 
patient then actively dorsiflexed and plantarflexed 
the ankle within pain free ROM for 30 seconds or 
until fatigue with the aim of increasing pain free 
talocrural motion. After a 30 second rest, the patient 
actively inverted and everted their ankle within pain 
free ROM for 30 seconds or until fatigue. The trac-
tion force was then released and the patient actively 
performed 10 clockwise and counter-clockwise cir-
cles. The band traction was then repeated in a verti-
cal traction position, as this position is thought to 
help reduce edema. (Figure 2) After an additional 
30 second rest, a third light Jump Stretch® band was 

tape measure was then drawn medially across the 
instep, pulled toward the base of the fifth metatarsal, 
drawn toward the medial malleolus and across the 
Achilles tendon to the lateral malleolus, and finally 
brought around to meet the original zero. All mea-
surements were rounded up to the next whole mil-
limeter. The amount of edema was reported as the 
difference between the injured and uninjured figure-
of-eight measurements.

Numeric Pain Rating Scale (NPRS)
The NPRS is an 11-point pain-rating scale ranging 
from 0 (no pain) to 10 (worst imaginable pain) used 
to verbally assess current pain intensity as well as 
the best and worst level of pain during the last 24 
hours.17 A score of + 2 represents the minimal clini-
cally important difference.18

Ankle Range of Motion (ROM)
Both active and passive motion of dorsiflexion, plan-
tarflexion, inversion, and eversion was measured 
using a standard 8” goniometer with the patient in 
the supine position.19

Ankle Muscle Strength
Strength was measured using a digital hand-held 
dynamometer for dorsiflexors, plantarflexors, inver-
tors, and evertors. Testing was performed using a 
make-test, with the patient in the long sitting posi-
tion. Repeated strength measurements were per-
formed for three sequential tests, the highest of the 
trials for each motion was recorded. 

SELF-REPORT MEASURES OF FUNCTION

Foot and Ankle Disability Index (FADI) and 
FADI Sport Module- 
The FADI is a 26-item questionnaire that uses a 
5 point scale (“unable to do” through “no difficul-
ties at all”) to rate the extent that the ankle injury 
in impacting everyday life.20,21 Items include a 
variety of activities from standing and sleeping 
through stair climbing and recreational activities. 
The FADI sport modules includes an additional 8 
items related to specific athletic movements such 
as landing and cutting, questions about the tech-
nique and duration of participation. The FADI has 
been shown to have excellent construct validity (r 
= 0.64) and excellent intra-rater reliability.21 The 
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could continue to wear the brace as desired. The 
patients were instructed not to ice or perform com-
pression or elevation in this treatment group.

Standard physical therapy care
A standard treatment program was administered for 
both groups according to prescribed progression cri-
teria (Appendix 1). There were three Phases in the 
standardized treatment program and the patient tran-
sitioned through each Phase based on functional abil-
ity. All patients began with Phase 1 and transitioned to 
Phase 2 once they demonstrated: 1) no gross deviations 
with walking, 2) a report of <5/10 pain with ADL’s on 
the NPRS, and 3) within 5 degrees of ROM to the con-
tralateral ankle for all planes of motion. Patients tran-
sitioned from Phase 2 to Phase 3 once they were able 
to demonstrate: 1) single leg balance on the injured 
lower extremity >30 seconds, 2) up and down 12 stair 
steps using a reciprocal gait pattern without pain, 3) 
able to jog for 2 minutes on the treadmill with <2/10 
pain and 4) no report of instability with gait.

Patients were discharged from physical therapy once 
they completed all 3 Phases of standard therapy and 
were able to meet the following functional criteria: 
1) single leg hop test within 80% of the contralateral 
limb, 2) Ability to single leg balance within 2 seconds 
of uninvolved lower extremity on an inflated rub-
ber hemisphere attached to a rigid platform (BOSU). 
The number of days from initial evaluation until the 
patient met the discharge criteria was recorded for 
the outcome of time in therapy.

placed around the patient’s metatarsal heads with 
the end of the band held by the patient. (Figure 
3) The patient pulled on the band while the thera-
pist provided horizontal traction at the ankle. This 
additional band around the metatarsals allowed the 
patient to add pain-free plantarflexion resistance 
while the therapist provided talocrural distraction.  
The patient then actively dorsiflexed and plan-
tarflexed their ankle for 30 seconds or until fatigue. 
With the bands in the same position this procedure 
was repeated with the patient performing inversion 
and eversion motion. 

If patients receiving elastic band mobilization were 
issued an ankle brace from their physician, they 

Figure 1. Horizontal Elastic Band Traction.

Figure 2. Vertical Elastic Band Traction.

Figure 3. Horizontal Elastic Band Traction with Overpres-
sure Setup.
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of the study was examined with a two-way repeated 
measures multivariate analysis of variance (MANOVA) 
with treatment group as the between-patient variable 
and time (baseline, and discharge) as the within-patient 
variable. The dependent variables were function (FADI 
and FADI sport score) and pain. The relative risk of 
having an adverse reaction from early mobilization 
was calculated to assess the second aim of this study. 
A Chi-square analysis was performed to determine if 
there were any differences between treatment groups 
for adverse reactions. Post-hoc repeated measure uni-
variate analyses were performed to assess the individ-
ual effect of the intervention on FADI, FADI sport, and 
pain. Secondary outcomes including edema, range of 
motion, and strength were assessed using a t-test or 
Wilcoxon rank sums test depending on the nature of 
the data distribution.

RESULTS
Eligible participants were recruited from March 2010 
to February 2014. Study staff screened 1,970 con-
secutive patients who presented to the sports medi-
cine physicians or physical therapists with an ankle 
sprain for inclusion. Forty-one patients (aged 10-18 
years) were enrolled after receiving written consent 
from the patients and their parent or legal guardian 
(Figure 4). All patients received the appropriate ran-
domized treatment intervention (early elastic band 
mobilization or PRICE).

Baseline variables were similar between treatment 
groups. (Table 1) Eleven patients dropped out of 
physical therapy before discharge (eight in the 
early elastic band mobilization group and three in 
the PRICE group). All patients reported non-study 
related reasons for not continuing with physical 
therapy treatment (time and financial constraints). 
A grade II lateral ankle sprain was the most com-
mon referring diagnosis for patients participating in 
this study (71%), with grade I lateral ankle sprains 
accounting for 24% and Grade III 5% of injuries. 
There were no significant differences in grade of 
sprain between treatment groups (p= 0.89). 

Patients in both groups were treated for an aver-
age of 7.7 ± 3.8 visits over the course of 25 days to 
meet all predetermined discharge criteria. (Table 2) 
Between-group comparisons revealed no significant 
differences in the number of visits or duration of 

BLINDING AND RANDOMIZATION
The evaluating therapist was aware of treatment allo-
cation, whereas the exercise therapist and discharge 
therapist were blinded to treatment group alloca-
tion. Due to the nature of the intervention, blind-
ing patients to treatment allocation was not feasible. 
Randomization was determined by sealed envelopes 
which were opened by the evaluating therapist after 
the patient agreed to participate and evaluation 
measures had been completed. An individual not 
involved in the study filled 50 blank envelopes with 
a paper designating either Jump stretch or PRICE.     
The envelopes were shuffled and given a numeric 
number from 1-50.  When patients were enrolled the 
next numeric envelope was opened and the patient 
received the treatment described on the paper.  

SAFETY
To address the issue of safety, patients who experi-
enced a clinically significant increase in pain (MCID 
of two points), which did not affect their ability to per-
form activity, during or after the elastic band traction 
were classified as having had a mild adverse reaction. 
Following the treatment, if patients reported or were 
observed to have a decrease in their ability to perform 
activity they were classified as having had a moderate 
adverse event. Patients were instructed that if they 
experienced pain or reduced function following the 
intervention to notify study staff. Patients who had an 
adverse reaction were re-evaluated by their therapist. 
The patient would be referred back to their physi-
cian if they demonstrated a significant injury or were 
deemed inappropriate to continue physical therapy.

SAMPLE SIZE 
The calculations were based on detecting an 4.6% 
difference in the FADI index at the 4-week follow-up, 
assuming a standard deviation of 5.1, a 2-tailed test, 
and an alpha level equal to 0.05 and 80% power.22,24 
This generated a sample size of 18 patients per 
group. Allowing for a conservative dropout rate of 
approximately 15%, we recruited 41 patients into 
the study.

DATA ANALYSIS
All analyses were conducted using SPSS 21 software. 
An intent-to-treat design with the multiple imputation 
model was used for any missing values. The first aim 
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(p= 0.77). Dynamometer strength testing of the injured 
ankle showed significant weakness, <90% of com-
pared to uninvolved limb, in all major motions (Table 
3). Both groups demonstrated significant increases in 
strength at discharge (p < 0.01) but there were not sig-
nificant differences between treatment groups. 

care. Both groups had significant decreases in edema 
at discharge (p < 0.01). Early elastic band mobili-
zation group had a mean of 0 ± 0.6 cm of edema 
and PRICE had a mean of 0.1 ± 0.4 cm of edema 
compared to the non-injured ankle. There were no 
significant differences between treatment groups 

All Patients
(n = 41)

Elastic Band Traction
(n = 22)

PRICE
(n = 19)

Age (years) 14.5 ± 1.8 14.9 ± 1.8 14.2 ± 2.0
Sex (% female) 19 (46%) 12 (55%) 7 (37%)
Days since injury 4.7 ± 1.8 4.4 ± 1.9 5.2 ± 1.5
Pain (NPRS) 4.9 ± 2.4 5.1 ± 2.7 4.7 ± 2.2
FADI 64.9 ± 22.8 66.1 ± 25.5 63.4 ± 20.1
FADI Sport 8.6 ± 10.1 9.3 ± 10.6 7.8 ± 9.8
Edema- Figure of eight (cm) 1.7 ± 1.2 1.9 ± 1.3 1.4 ± 1.1
PRICE = Protection, Rest, Ice, Compression and Elevation; FADI = Foot and Ankle Disability Index 

Table 1. Baseline Demographic and Self-Reported Values. Data reported as 
mean (SD) or numbers (%).

Assessed for eligibility (n=1,970)

Excluded  (n=1,929) 
- Not meeting inclusion criteria (n=1,923) 
- Declined to participate (n=6) 

Randomized (n=41) 

Elastic Band Traction 
(n = 22) 

PRICE
(n = 19) 

Discharge
-Completed therapy (n=15) 
-Lost to follow-up (n=7) 

Discharge
-Completed therapy (n=16) 
-Lost to follow-up (n=3) 

Analyzed (n=22) Analyzed (n=19) 

Figure 4. Flow diagram for patient recruitment and randomization.

All Patients
(n = 41)

Early Elastic 
Band Mobilization 

(n = 22)

PRICE
(n = 19)

p- value

Treatment Sessions 7.7 ± 3.9 8.0 ± 4.6 7.3 ± 2.9 0.61

Total Days of Care 25.3 ± 12.3 25.2 ± 14.9 25.5 ± 9.0 0.95

Table 2. Pairwise comparison of treatment session and duration of care.
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to concern of growth plate injury there have been 
no documented cases of a growth plate injury as a 
result joint mobilization. Additionally, the forces 
imparted from mobilization are significantly lower 
than those that children experience during com-
monly performed activities.25-27 The results of this 
study offer preliminary evidence that early ankle 
joint mobilization is safe in this population. This 
finding is consistent with other research assessing 
joint mobilizations to the lumbar spine in pediatric 
patients.28,29

Many studies performed on adults have focused on 
short-term results of manual therapy with follow-
up times from immediate to one-week.10,14,30,31 The 
authors chose to look at longer term outcomes, 
including time to recovery, and change in the func-
tion and pain at discharge from supervised therapy. 
Cleland et al.4 assessed the long-term outcomes 
(four-week and six-month) of joint mobilizations 
compared to a supervised home exercise program 
for acute lateral ankle sprains. Although signifi-
cantly better outcomes were found with joint mobi-
lization, Cleland’s study assessed joint mobilization 
and supervised exercise compared to a supervised 
home exercise program. Due to their study design, it 

The two-way treatment group x time interaction 
repeated measures MANOVA demonstrated no sta-
tistically significant between-group differences 
for function and pain (p= 0.79). Within-group dif-
ferences showed that both groups had statistically 
and clinically significant improvement at discharge. 
Repeated measures univariate ANOVA demon-
strated no differences between treatment groups 
for function or pain (Table 4). No patient in either 
group reported an adverse reaction with treatment. 
Relative risk and chi-square analyses were not per-
formed since no adverse reactions were noted.

DISCUSSION
Joint mobilization has been shown to be effective 
for improving function and increasing motion in 
adults and older adolescents with ankle injuries. 
This study assessed the safety and efficacy of early 
manual joint mobilization after an acute inversion 
ankle sprain in pediatric patients as young as 10 
years of age with a mean age significantly younger 
than subjects of any other study. No adverse events 
were noted with the use of elastic band ankle trac-
tion mobilization in this study. Although some 
authors have voiced concern over performing joint 
mobilization techniques in pediatric patients due 

All Patients
(n = 41)

Elastic Band Traction
(n = 22)

PRICE
(n = 19)

Baseline Discharge Baseline Discharge Baseline Discharge

Dorsiflexion 7.7 ± 4.3 15.8 ± 4.9 7.6 ± 4.3 16.0 ± 4.5 7.8 ± 4.4 15.5 ± 5.4

Plantarflexion 15.5 ± 7.0 27.4 ± 6.7 16.6 ± 6.9 28.7 ± 5.7 14.2 ± 7.0 26.2 ± 7.5

Inversion 5.0 ± 2.5 9.9 ± 3.5 5.0 ± 2.7 11.2 ± 3.1 5.1 ± 2.4 8.6 ± 3.5

Eversion 4.3 ± 2.6 9.4 ± 2.6 4.4 ± 2.7 10.5 ± 2.1 4.3 ± 2.6 8.4 ± 2.6

Table 3. Ankle strength, measured using handheld dynamometer (kg).

Baseline Discharge P value Mean Difference
(95% CI)

FADI PRICE 63.4 ± 20.1 101.6 ± 2.8 0.49 3.0 (-5.9, 12.0)
Elastic Band 

Traction
66.1 ± 25.5 102.1 ± 2.7

FADI Sport PRICE 7.8 ± 9.8 29.1 ± 3.1 0.09 3.2 (-0.5, 7.0)
Elastic Band 

Traction
9.3 ± 10.6 30.6 ± 2.0

Pain (NPRS) PRICE 4.7 ± 2.2 0.1 ± 0.3 0.98 -0.01 (-1.0, 1.0)
Elastic Band 

Traction
5.1 ± 2.7 0.1 ± 0.3

Table 4. Pairwise comparison of Function and Pain.
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time to early joint mobilization was delayed. This 
delay in application of the joint mobilization may 
have altered its effectiveness for improving patient 
outcomes. Additionally, this study only assessed one 
distraction joint mobilization technique to the ankle, 
whereas positive responses in adults resulted from 
multiple joint mobilizations to both the ankle and 
knee.4 A more expansive joint mobilization approach 
may have produced different results.

CONCLUSIONS
Early mobilization appears to be a safe intervention 
in pediatric patients who have sustained an acute 
ankle sprain. Early mobilization resulted in similar 
outcomes in pain, range of motion, and self-reported 
function when compared to traditional PRICE treat-
ment. A high drop-out rate in both treatment groups 
was a limitation of this randomized trial.
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ABSTRACT
Background: Women’s soccer has among the highest injury rates in collegiate sports, and lateral ankle sprains (LAS) are 
among the most commonly occurring injuries in that athletic population. However, no established LAS prediction model 
exists for collegiate women’s soccer players.

The purpose of this study was to develop a prediction model for acute LAS injuries in collegiate women’s soccer players utiliz-
ing previous ankle sprain history, height, mass, and BMI as potential predictors.

The authors’ hypothesized that collegiate women’s soccer players with greater height, mass, and body mass index (BMI), as 
well as a previous history of ankle sprain would have greater odds of sustaining a LAS.

Study Design: Prospective cohort study.

Methods: Forty-three NCAA Division I women’s soccer players’ (19.7±1.1yrs, 166.8±3.7cm, 60.8±4.4kg) height, mass, and 
BMI were measured one week before beginning preseason practices. Additionally, participants reported whether or not they 
had sustained a previous ankle sprain. The team athletic trainer tracked LASs over the competitive season. Independent 
t-tests, binary logistic regression analyses, receiver operating characteristic (ROC) curves, and diagnostic statistics assessed 
the ability of the variables to differentiate between those that did and did not sustain a LAS.

Results: Participants that sustained a LAS (n=8) were significantly taller than those that did not sustain a LAS (n=35) (t41=-
2.87, p=0.01, d=0.83[0.03,1.60]). A logistic regression analysis (odds ratio=1.30[1.00,1.70]) and area under the ROC curve 
analysis (AUROC=0.73[0.58,0.89], p=0.04) further exhibited predictive value of height. A height cutoff score of 167.6cm 
demonstrated excellent sensitivity (0.88), moderate specificity (0.51), and a favorable diagnostic odds ratio (7.5). A logistic 
regression analysis (odds ratio=1.87[1.22,1.98]) exhibited predictive value of previous ankle sprain history. That variable 
was also associated with good sensitivity (0.75) and specificity (0.71) within the model, as well as a favorable DOR (7.37). 
Mass and BMI demonstrated no predictive value for LAS. 

Conclusion: Taller collegiate women’s soccer players and those with previous ankle sprain history may have a greater pre-
disposition to LAS. 

Level of evidence: 1b

Key words: Ankle sprain, injury prediction, women’s soccer
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have demonstrated usefulness in LAS prediction 
models,18-23 likely due to their potential influence on 
LAS mechanisms of injury. Typically, a LAS is sus-
tained when excessive ankle plantar flexion, subta-
lar inversion, and foot internal rotation are present 
while decelerating during a functional task.24-27 These 
combined movement patterns result in the center 
of pressure (COP) moving laterally on the plantar 
aspect of the foot, as well as medially relative to the 
ankle joint axis of rotation. In this position, an exter-
nal load can create an external supination moment 
at the ankle. Greater body mass index (BMI), cal-
culated from height and mass, likely increases the 
body’s moments of inertia and reduces an individ-
ual’s ability to resist external forces.22 Due to the 
potential influence on injury occurrence and sim-
plicity of their measurement, anthropometrics are 
viable predictor variables for any injury prediction 
analysis. No previous investigators have developed 
a model of LAS risk for collegiate women’s soccer 
players specifically, but anthropometrics may pos-
sess potential injury prediction value for that popu-
lation. Therefore, the purpose of this study was to 
develop a prediction model for acute LAS injuries 
in collegiate women’s soccer players utilizing pre-
vious ankle sprain history, height, mass, and BMI 
as potential predictors. The primary hypothesis was 
that athletes with a previous ankle sprain history, 
greater height, mass, and BMI would have greater 
odds of sustaining a LAS. 

METHODS

Participants
A convenience sample of 43 NCAA Division I wom-
en’s soccer players (19.7 ± 1.1 years, 166.8 ± 3.7 
cm, 60.8 ± 4.4 kg) volunteered for participation in 
this prospective cohort study. Inclusion criteria con-
sisted of team membership, full medical clearance 
for participation in sporting activities. Within one 
week prior to the beginning of pre-season practices, 
each participant reported for testing in the university 
athletic training facility. Each participant reviewed 
and signed an informed consent document approved 
by the university institutional review board. 

Procedures
One week before the onset of pre-season practices, 
each participant’s height (cm) and mass (kg) were 

INTRODUCTION
Over 488,000 student-athletes participated in National 
Collegiate Athletic Association (NCAA) sponsored 
sports during the 2014-2015 academic year, approx-
imately 43% of which were females.1 While the 
NCAA’s participation rate has risen annually, sport-
related injury rates have remained steady,2 likely 
leading to a greater total number of injuries. Across 
all collegiate women’s sports, soccer has the high-
est overall injury rate during competition,3 with the 
lower extremity accounting for approximately 70% of 
the total injuries.2 Soccer also has the highest ankle 
sprain rate among all collegiate women’s sports, with 
a combined practice and competition rate of 1.3 ankle 
sprains per 1,000 athlete-exposures.3 Lateral ankle 
sprain (LAS) is the most commonly reported injury 
resulting in 10 or more days of activity loss in colle-
giate women’s soccer.2 Along with time loss, there is 
added concern for recurrent injury,4 impaired neu-
romuscular control,5-7 decreased physical activity,7,8 
decreased health-related quality of life,8 and post-
traumatic osteoarthritis9 in individuals with a history 
of LAS.

Prevention of LAS and subsequent long-term con-
sequences may be accomplished through training 
programs designed to enhance neuromuscular con-
trol. Specifically in athletic populations, the use of 
neuromuscular training protocols has previously 
demonstrated effectiveness for preventing LASs.10 
However, a numbers needed to treat analysis per-
formed by McKeon and Hertel11 found that up to 44 
athletes were required to undergo training in order 
to prevent one LAS. While successful injury pre-
vention is likely achievable, prospective determi-
nation of which participants are at greater risk for 
an acute lower extremity injury likely enhances the 
efficiency of neuromuscular training protocols, as 
those at greater risk may have a greater degree of 
responsiveness.12 Furthermore, risk assessment will 
perhaps identify individuals’ specific impairments, 
which clinicians can target through neuromuscular 
training interventions. 

A previous history of ankle sprain is perhaps the 
most commonly identified risk factor for LAS in ath-
letes,13-18 but exploration of other outcomes should 
continue in order to optimize clinicians’ ability to 
predict LASs. Simple measures of height and mass 
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for continuous variables) and the observed injury 
status. Sensitivity, specificity, positive and negative 
likelihood ratios (+LR, -LR), and the diagnostic odds 
ratio (DOR) were calculated from predicted and 
observed injury status. Statistical significance was 
set a priori at p<0.05. All statistical analyses were 
conducted using IBM SPSS version 22 (IBM Corpora-
tion, Armonk, NY). 

RESULTS
During the competitive season, 8/43 (18.6%) partic-
ipants sustained a LAS. A significant difference on 
the t-test and large effect size indicated the injured 
group was taller than the uninjured group (Table 1). 
No statistically significant group differences existed 
for mass or BMI. A history of previous ankle sprain 
was reported by 16/43 (37.2%) participants, with 
6/8 (75%) players with a new LAS having a history 
of previous ankle sprain. Separate binary logistic 
regression analysis revealed that height and previous 
ankle sprain history were significant predictors of 
injury status (Table 2). A ROC curve analysis further 
demonstrated moderate predictive utility of height 
(AUROC = 0.73 [0.58, 0.89]; p = 0.04) (Figure 1). The 
ROC curve analyses further demonstrated poor pre-
dictive value for mass (AUROC = 0.52 [0.25, 0.79]; 
p = 0.84) (Figure 2) and BMI (AUROC = 0.65 [0.38, 
0.91]; p = 0.21) (Figure 3). A cutoff score for height 
that maximized sensitivity and specificity (167.6 cm) 
within the ROC curve produced a significant Fisher’s 
exact test (p = 0.04) (Table 3). A Fisher’s exact test 

measured using a standard physician beam scale 
(Detecto 339 Eye Level Physician Scale; Detecto 
Scale Company; Webb City, MO) in the school’s ath-
letic training facility. Body mass index (BMI) was 
calculated from height and mass measures (kg/m2). 
Additionally, participants reported whether or not 
they had ever sustained a previous ankle sprain of 
any type (lateral, medial, syndesmotic). Through-
out the course of the subsequent soccer season, the 
certified and licensed athletic trainer responsible 
for providing care to the team recorded LAS injuries 
sustained by the participants. A LAS must have 1) 
occurred during a team practice or competition, 2) 
required care by medical personnel, and 3) resulted 
in at least one day of missed soccer activity.

Statistical Analysis
Independent t-tests and Cohen’s d effect sizes with 
95% confidence intervals (CIs) compared height, 
mass, and BMI between injured and uninjured par-
ticipants. Effect sizes were interpreted as small: d 
= 0.20 – 0.49, moderate: d = 0.50 – 0.79, and large: 
d ≥ 0.80.28 Separate forward binary logistic regres-
sion analyses assessed the influence of each out-
come on the estimated odds of sustaining a LAS. 
A Receiver Operating Characteristic (ROC) curve 
plotted the predictive utility (sensitivity vs. 1-speci-
ficity) of each value observed for each continuous 
outcome. The ROC curve analysis produced the area 
under the ROC curve (AUROC), a singular quantita-
tive representation of the overall predictive value of 
each variable, with 95% confidence intervals. The 
AUROC can range from 0 to 1, with 0.5 representing 
an absence of predictive power, and 1 representing 
perfect predictive power.29 From ROC curves dem-
onstrating predictive utility, cutoff scores that max-
imized sensitivity and specificity for the predictor 
variable were identified. Fisher’s exact test to deter-
mine the strength of association between the pre-
dicted group classification (based on the cutoff score 

Injured (n=8) Uninjured (n=35) Independent T-Test Cohen’s d (95%CI) 

Height (cm) 169.2 ± 2.3 166.3 ± 3.7 t41 = -2.87, p = 0.01 0.83 (0.03, 1.60) 
Mass (kg) 60.7 ± 6.1 60.6 ± 4.1 t41 = 0.05, p = 0.96 0.02 (-0.75, 0.79) 

BMI (kg/m2) 21.2 ± 2.2 22.0 ± 1.5 t41 = 1.23, p = 0.22 -0.49 (-1.25, 0.30) 

BMI = body mass index; Bolded data indicate statistically significant differences (p < 0.05). 

Table 1. Comparisons of Anthropometrics between Injured and Uninjured Participants.

Variables Odds Ratio (95%CI) p-Value 

Height 1.30 (1.00, 1.70) 0.05 
Mass 1.00 (0.84, 1.19)  0.95 

BMI 0.74 (0.46, 1.20) 0.22 

Previous Ankle Sprain History 1.87 (1.22, 1.98) 0.03 

Bolded data indicate statistically significant differences (p < 0.05).

Table 2. Separate Binary Logistic Regression Analyses.
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Table 5. For height, excellent sensitivity (0.88) and 
moderate specificity (0.51) were identified within the 
model, as well as a favorable DOR (7.50). For previ-
ous ankle sprain history, we identified good sensitiv-
ity (0.75) and specificity (0.71) within the model, as 
well as a favorable DOR (7.37).

DISCUSSION
The primary finding of this study is that partici-
pant height and a history of previous ankle sprain 
were effective predictors of LAS among collegiate 

also demonstrated a significant association between 
previous ankle sprain history and sustaining a LAS 
in the current season (p = 0.02) (Table 4). Associ-
ated sensitivity, specificity, +LR, -LR, and DOR cal-
culated from the 2-by-2 contingency tables are in 

Figure 1. Height Receiver Operating Characteristic (ROC) 
Curve.

Figure 2. Mass Receiver Operating Characteristic (ROC) 
Curve.

Figure 3. Body Mass Index (BMI) Receiver Operating Char-
acteristic (ROC) Curve.

Height (cm) LAS No LAS 
≥ 167.6 7 17 

< 167.6 1 18 

LAS = Lateral Ankle Sprain 

Table 3. Fisher’s Exact Test for Height.

Previous Ankle Sprain History LAS No LAS 
016seY

522oN
LAS = Lateral Ankle Sprain 

Table 4. Fisher’s Exact Test for Previous Ankle 
Sprain History
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in agreement with a number of other authors who 
have reported similar findings in soccer players.13-15 
Ekstrand and Gillquist found significantly higher 
rates of previous LAS in adult soccer players that 
sustained a LAS during one year of injury surveil-
lance (47%) compared to those that did not sustain 
a LAS in the same time (25%).13 Kofotolis et al. also 
prospectively examined a large cohort of amateur 
soccer players and determined that those with a 
previous LAS had nearly two times greater odds of 
sustaining a LAS during two years of subsequent 
observation.15 In another study of amateur male soc-
cer players, previous history of LAS was again the 
strongest predictor of LAS, increasing the odds of 
injury approximately 23%.14 This is the first study to 
assess the predictive value of previous ankle sprain 
history in a sample of collegiate women’s soccer 
players. 

Clinically, the strength of height and previous ankle 
sprain history as LAS predictors is their ease of 
assessment, but they are clearly limited by their lack 
of modifiability. Although they are not changeable, 
these simple outcomes may be important catalysts 
for targeted intervention. For example, preventa-
tive measures such as prophylactic ankle supports 
and postural control training are viable options for 
LAS prevention,31,32 and perhaps may be particularly 
valuable for taller athletes and those with a previ-
ous ankle sprain. As a LAS in collegiate women’s 
soccer players occurs through a variety of mecha-
nisms (~35% player contact, ~27% non-contact, 
~25% surface contact, ~13% other),33 postural con-
trol training likely should be diversified to include 
static and dynamic balance exercises, dynamic sta-
bility following a landing or cutting task, and exter-
nal perturbations. Future studies should examine 

women’s soccer players. Specifically, those athletes 
equal to or taller than 167.6 cm in height had 7.5 
times greater odds of sustaining a LAS than those 
below 167.6 cm in height. Within the sample 24/43 
(56%) participants were at least 167.6 cm tall, and 
thus, possessed an elevated predisposition to sus-
taining a LAS. This finding supports previous studies 
reporting participant height as an effective predictor 
of ankle injuries. Waterman et al.23 reported taller 
military academy cadets were at greater risk of sus-
taining an ankle sprain. Similarly, Milgrom et al.22 
found that taller infantry recruits were more prone 
to LASs. They postulated that taller stature may 
contribute to larger moments of inertia in the lower 
extremity.22 Essentially, longer trunk and extremity 
segments may reduce the ability of an individual to 
resist external moments exerted on the body, poten-
tially increasing injury risk.22 The aforementioned 
studies only found associations between height and 
injury in male participants, 22,23 but the current find-
ings suggest height may also be pertinent to LAS risk 
in females. The average height of the sample was 
similar to that of 64 Division I collegiate women’s 
soccer players (168.4 ± 5.9 cm) that underwent 
testing of physical and physiological performance 
characteristics,30 suggesting the results are likely 
relevant to other collegiate women’s soccer teams. 
Elevated body mass can also increase moments of 
inertia, but the lack of differences between injured 
and uninjured participants suggests body mass had 
little influence over injury risk in this population. 
Furthermore, the lack of body mass differences 
likely limited the ability of BMI to differentiate those 
that did and did not sustain a LAS. 

Not surprisingly, previous ankle sprain history was 
also a significant predictor of LAS. This result is 

mc6.761(thgieHalumroFseititnauQ ) Previous Ankle Sprain History 

Sensitivity true positive/(true positive + false negative) 7/8 = 0.88 6/8 = 0.75 

Specificity true negative/(true negative + false positive) 17/35 = 0.51 25/35 = 0.71 

+LR sensitivity/(1-specificity) 0.88/0.49 = 1.80 0.75/0.29 = 2.58 

-LR (1-sensitivity)/specificity 0.12/0.51 = 0.24 0.25/0.71 = 0.35 

73.7=53.0/85.205.7=12.0/98.1RL-/RL+ROD

+LR = positive likelihood ratio; -LR = negative likelihood ratio; DOR = diagnostic odds ratio 

Table 5. Diagnostic Statistics of Height and Previous Ankle Sprain History
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 2. Dick R, Putukian M, Agel J, Evans TA, Marshall SW. 
Descriptive epidemiology of collegiate women’s 
soccer injuries: National Collegiate Athletic 
Association Injury Surveillance System, 1988-1989 
through 2002-2003. J Athl Train. 2007;42(2):278-285.

 3. Hootman JM, Dick R, Agel J. Epidemiology of 
collegiate injuries for 15 sports: summary and 
recommendations for injury prevention initiatives. J 
Athl Train. 2007;42(2):311-319.

 4. Beynnon BD, Murphy DF, Alosa DM. Predictive 
Factors for Lateral Ankle Sprains: A Literature 
Review. J Athl Train. 2002;37(4):376-380.

 5. Doherty C, Bleakley C, Hertel J, Caulfi eld B, Ryan J, 
Delahunt E. Dynamic Balance Defi cits 6 Months 
Following First-Time Acute Lateral Ankle Sprain: A 
Laboratory Analysis. J Orthop Sports Phys Ther. 
2015;45(8):626-633.

 6. Doherty C, Bleakley C, Hertel J, et al. Inter-joint 
coordination strategies during unilateral stance 
6-months following fi rst-time lateral ankle sprain. 
Clin Biomech (Bristol, Avon). 2015;30(2):129-135.

 7. Punt IM, Ziltener JL, Laidet M, Armand S, Allet L. 
Gait and physical impairments in patients with 
acute ankle sprains who did not receive physical 
therapy. PM R. 2014;7(1):34-41.

 8. Houston MN, Van Lunen BL, Hoch MC. Health-
related quality of life in individuals with chronic 
ankle instability. J Athl Train. 2014;49(6):758-763.

 9. Valderrabano V, Hintermann B, Horisberger M, Fung 
TS. Ligamentous posttraumatic ankle osteoarthritis. 
Am J Sports Med. 2006;34(4):612-620.

 10. Schiftan GS, Ross LA, Hahne AJ. The effectiveness of 
proprioceptive training in preventing ankle sprains 
in sporting populations: a systematic review and 
meta-analysis. J Sci Med Sport. 2015;18(3):238-244.

 11. Sugimoto D, Myer GD, McKeon JM, Hewett TE. 
Evaluation of the effectiveness of neuromuscular 
training to reduce anterior cruciate ligament injury 
in female athletes: a critical review of relative risk 
reduction and numbers-needed-to-treat analyses. Br J 
Sports Med. 2012;46(14):979-988.

 12. Myer GD, Ford KR, Brent JL, Hewett TE. Differential 
neuromuscular training effects on ACL injury risk 
factors in”high-risk” versus “low-risk” athletes. BMC 
Musculoskelet Disord. 2007;8:39.

 13. Ekstrand J, Gillquist J. Soccer injuries and their 
mechanisms: a prospective study. Med Sci Sports 
Exerc. 1983;15(3):267-270.

 14. Engebretsen AH, Myklebust G, Holme I, 
Engebretsen L, Bahr R. Intrinsic risk factors for 
acute ankle injuries among male soccer players: a 
prospective cohort study. Scand J Med Sci Sports. 
2010;20(3):403-410.

various forms of neuromuscular control training 
and attempt to find the most effective protocol for 
LAS prevention in this population. While prophylac-
tic ankle supports and postural control training are 
associated with significant cost and time demands, 
respectively, identification of strong risk factors will 
allow clinicians to allocate preventative resources to 
those with the greatest predisposition to LAS. While 
the DORs suggest previous ankle sprain history and 
height were similar in their ability to predict a LAS, 
the small sample size inhibited the ability to examine 
these predictors in a multivariate logistic regression 
model. Future studies using larger samples should 
explore whether or not a combination of increased 
height and previous ankle sprain history can elevate 
LAS risk even further. 

Limitations
Certain notable limitations are present within this 
study. First, this study was specific to NCAA Divi-
sion I women’s soccer players and may not be appli-
cable to those participating in other sports and levels 
of competition. Furthermore, the sample of conve-
nience population was potentially small raising the 
possibility of type II error during comparisons of 
body mass and BMI. Lastly, this study focused on 
a limited collection of potential predictor variables. 
Future studies should continue to explore LAS pre-
diction in collegiate women’s soccer players using a 
larger sample and other clinical tests that may be rel-
evant to LAS injury mechanisms (i.e. postural con-
trol, flexibility, muscular strength, and self-reported 
function). 

CONCLUSIONS
Participant height and previous ankle sprain history 
demonstrated predictive value for LAS among colle-
giate women’s soccer players. Longer trunk and seg-
ment lengths may impair an athlete’s ability to resist 
external forces, potentially increasing the likelihood 
of sustaining a LAS. Clinicians should consider colle-
giate women’s soccer players with increased height 
and previous history of ankle sprain for increased 
need for interventions designed to prevent LAS. 
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ABSTRACT
Background: Ankle plantarflexion (PF) active range of motion (ROM) is traditionally assessed in a non-weight-bear-
ing (NWB) position with a universal goniometer. However, a convenient, reliable, low-cost means of assessing func-
tional PF active ROM in a weight-bearing (WB) position has yet to be established. 

Purpose: To compare the intra- and interrater reliability of PF active ROM measurements obtained from a goniomet-
ric NWB assessment, and a functional heel-rise test (FHRT) performed in WB. 

Study Design: Reliability study.

Methods: Two physical therapy student examiners, blinded to each other’s measurements, assessed PF active ROM 
through a NWB goniometric technique and a FHRT on all subjects within the same test session. Intra- and interrater 
reliability values were calculated using an intraclass correlation coefficient (ICC2,1, ICC2,k) and 95% confidence inter-
vals. Standard error of measurement (SEM) and minimal detectable change (MDC) were recorded for each method.

Results: 43 healthy participants (mean ± SD, age: 22.7 ± 1.7 years, height: 1.7 ± 0.1 m, mass: 77.8 ± 17.2 kg) com-
pleted testing procedures. The within-session intrarater reliability (ICC2,1) estimates were observed for goniometry 
(right: 0.96, left: 0.95 - 0.97) and FHRT (right: 0.99, left: 0.99), as well as the interrater reliability (ICC2,k) of goniom-
etry (right: 0.79, left: 0.79) and FHRT (right: 0.79, left: 0.87). Goniometry SEM (3.3 - 3.6°) and MDC (9.2 - 9.8°) were 
observed, in addition to FHRT SEM (0.6 cm) and MDC (1.6 - 1.7 cm). A weak correlation was found between FHRT 
and goniometric measurements (r = -0.03 - 0.13).

Conclusions: The FHRT was found to have good to excellent intra- and interrater reliability, similar to goniometric 
measurement. The lack of agreement between these measurements requires further exploration of a WB assessment 
of ankle PF active ROM.

Level of Evidence: 2b

Key words: Ankle, functional, heel-rise, plantarflexion, range of motion
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INTRODUCTION
The ankle plantarflexors are a muscle group of the 
lower leg with the primary function of plantarflex-
ion of the ankle joint. Additionally, the plantarflex-
ors have an instrumental role in allowing the knee 
extensors to stabilize the knee when subjected to 
ground reaction forces.1 Ankle range of motion 
(ROM) is measured and monitored throughout the 
rehabilitation process to assess joint dysfunction and 
determine treatment effectiveness,2 in which ROM is 
typically assessed both passively and actively. Active 
ROM is defined as “movement of a segment within 
the unrestricted ROM that is produced by active con-
traction of the muscles crossing that joint.”3

Abnormal ankle plantarflexion (PF) ROM can both 
contribute to, and result from, various foot and ankle 
pathologies. Posterior ankle impingement occurs in 
athletic populations due to forceful PF requirements 
during athletic activity (i.e. ballet dancers), where 
a hyperplantarflexion motion places extreme pres-
sure on the structures between the calcaneus and 
the distal tibia.4 Excessive PF ROM has also been 
identified as an injury risk factor for development of 
medial tibial stress syndrome in military personnel5 
and collegiate athletes.6 Distally, the typical mecha-
nism for a turf toe injury involves hyperdorsiflexion 
of the first metatarsal phalangeal joint in combina-
tion with hyperplantarflexion of the ankle.7 

A number of lower extremity conditions are influ-
enced by PF performance in weight-bearing (WB). 
Following an Achilles tendon repair, excessive ten-
don lengthening can occur due to separation of the 
tendon ends from early WB and aggressive reha-
bilitation.8 This lengthening can lead to an insuf-
ficiency of the tendon and decreased strength in 
end-range PF.9 Common ankle sprain sequelae, such 
as swelling and pain, do not fully explain PF mobil-
ity deficits. Miyamoto and colleagues evaluated a 
cohort of patients with a history of multiple inver-
sion ankle sprains who were experiencing residual 
pain and restricted PF ROM.10 Arthroscopy revealed 
an anterior fibrous bundle running from the distal 
anterior tibia to the anterior edge of the dome of 
the talus, which became taut with PF in all cases; 
however, the study did not specify whether PF 
ROM measurements were recorded in a WB or non-
weight bearing (NWB) position, making it difficult to 

assume whether the clinical presentation of PF ROM 
restrictions would be consistent across multiple test-
ing positions. In such instances where PF ROM is 
deemed less than optimal, appropriate and reliable 
means of assessment are necessary. 

Various methods have been used to evaluate ankle 
ROM, specifically at the talocrural joint. Measure-
ment of ankle ROM in NWB with a universal goniom-
eter is a common method of evaluating ankle mobility 
and provides feedback to the clinician in regards to 
rehabilitation progression and outcome.11 Despite the 
routine use of goniometry in physical therapist prac-
tice, its reliability has been questioned. Goniometric 
assessment of PF active ROM has demonstrated good 
intrarater (ICC = 0.64 – 0.98), but poor interrater 
reliability (ICC = 0.25), and has proven to be less pre-
cise when compared to ankle dorsiflexion (DF) active 
ROM.2 The variability in goniometric measurement 
reliability can be partly attributed to the goniome-
ter’s physical construct, starting position, individual 
anatomy, and body region.11 Difficulties in finding 
the joint axis of rotation, as well as properly placing 
the distal arm of the goniometer along the forefoot, 
may influence measurement accuracy. 12 These limi-
tations may lead to varying measurement values for 
the same joint, contributing to error in the final ROM 
assessment. An incorrect reading may have physical, 
financial, social, and psychological ramifications for 
the patient.11 

Inclinometry is another method used to measure 
ankle ROM. When using an inclinometer, the device 
is set to zero degrees at the neutral position of the 
ankle and the degree of movement in the directions 
of both ankle DF and PF is assessed.  Inclinometry 
has demonstrated good-excellent interrater reliabil-
ity when measuring ankle PF in NWB positions with 
the knee flexed (ICC = 0.86) and extended (ICC = 
0.72).13 Interestingly, it was also noted that intra-
rater reliability for PF ROM assessment was greater 
in clinicians with less experience. It was proposed 
that measuring ankle PF ROM is less common com-
pared to DF; thus, less experienced clinicians may 
grasp the technique more quickly.

WB assessment of ankle ROM has been explored 
more recently, specifically for ankle DF. A WB 
lunge test for ankle DF ROM has been thought to 
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be a more functional test when compared to a NWB 
approach.14,15 The torque placed on the dorsiflexed 
ankle when in a lunge position is much greater than 
the NWB assessment, which is posited to be represen-
tative of daily function. The WB lunge test for ankle 
DF demonstrated excellent within-session intrarater 
reliability when assessed via tape measure (ICC = 
0.98 – 0.99), digital inclinometer (ICC = 0.96 – 0.97), 
and goniometer (ICC = 0.85 – 0.96).15 The WB lunge 
test also demonstrated excellent interrater reliability 
when assessed through tape measure (ICC = 0.98) 
and inclinometry (ICC = 0.97) for raters of varying 
skill levels.14 However, a similar WB technique to 
assess ankle PF ROM has yet to be established.

Various methods of WB assessment of PF perfor-
mance have traditionally focused on manual mus-
cle testing and endurance,16 rather than reporting 
the resultant maximal vertical excursion. In real-
ity, WB heel-rise performance requires adequate 
active ROM at the talocrural joint and sufficient 
strength of the gastroc-soleus complex to complete 
the motion, where muscle strength can be defined 
as “the ability of contractile tissue to produce ten-
sion and a resultant force based on the demands 
placed on the muscle.”17 Silbernagel and colleagues18 
described a method used to assess PF endurance 
in those with Achilles tendon rupture through a 
device that included a spring-loaded string attached 
to the heel of a shoe. Individuals then completed a 
single leg heel-rise, and feedback regarding the dis-
tance achieved was provided through a digital sen-
sor output. In those with a history of drug use, a 
more simple method of PF endurance assessment 
was conducted by performing a heel-rise relative to 
a five cm block of wood placed on the floor.19 Addi-
tional methods of assessing PF endurance included 
a laser-guided line positioned above the individual’s 
head placed at 50% of the heel-rise maximum verti-
cal height,20 while another utilized an electrogoni-
ometer to measure the angle of PF.21 A recent study 
investigating PF strength and endurance in aging 
adults employed a “calf-raise senior” test, which 
used a horizontal bar above the participant’s head to 
mark the maximum vertical height achieved when 
performing repetitions of a heel-rise, which demon-
strated good intrarater (ICC = 0.79 – 0.84) and excel-
lent interrater (ICC = 0.93-0.96) reliability.22 

Although the previously mentioned tests may be 
useful for examining PF strength and endurance as 
assessed during a traditional heel-rise test, various 
challenges are inherently present including effi-
ciency, equipment required, and positioning/body 
mechanics of the examiner to visualize the mea-
surement. Many of the previously mentioned meth-
ods did not report the maximal vertical excursion 
achieved or active ROM, as this was not the primary 
objective. 

The proposed benefits of a WB assessment and the 
lack of an efficient, reliable, and inexpensive means 
to assess PF active ROM leaves clinicians with few 
options to assess this attribute. The purpose of this 
study was to explore the intra- and interrater reli-
ability of a novel, functional heel-rise test (FHRT) 
performed in WB to examine active ROM when com-
pared to a NWB technique with a universal goniome-
ter. The authors hypothesized the FHRT would have 
greater interrater reliability than goniometry, while 
both tests would demonstrate similar intrarater reli-
ability when measuring PF active ROM.

METHODS

Research Design
The study protocol was approved by the University 
of South Dakota Institutional Review Board. All sub-
jects signed an approved informed consent form 
prior to participation. This was a reliability study 
design. 

Subjects
Subjects were recruited from a sample of conve-
nience. Subjects were included if they were between 
the ages of 18-35 and English-speaking, and were 
excluded if they reported any previous injury or 
surgery to the back or lower extremities within the 
prior six months, reported any balance problems, or 
were pregnant.

Procedures
The procedures utilized in this study were adapted 
from Konor and colleagues and summarized in Fig-
ure 1.15 Two second-year physical therapy doctoral 
students (novice raters) performed the measure-
ments and underwent standardized training with 
an experienced physical therapist prior to data 
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collection. With all participants barefoot, only PF 
active ROM was measured.

Prior to testing, participant’s height and body mass 
were gathered by one examiner. Ankle PF active 
ROM measurements were recorded by two other 
researchers during a single session. Examiners were 
blinded to each other’s test results. Testing order for 
examiner, limb, and active ROM assessment method 
were randomized with a computer algorithm for 
each subject. PF active ROM was measured with both 
the WB unilateral heel-rise and the NWB goniomet-
ric technique. Three separate active ROM measure-
ments for each technique were obtained on both the 
right and left limbs and averaged for data analysis, 
respectively.

Functional Heel-Rise Test (Weight-bearing)
PF active ROM was assessed in WB using the FHRT 
(Figure 2). One standard measuring tape labeled in 
0.5 cm increments was fixed vertically along a wall, 
while a second measuring tape was fixed to the floor, 
starting at the wall-floor interface. The heel-rise was 
performed on each limb with the participant in a 
standing position. The stance limb was positioned 
in relative extension and participants stood facing 
the wall with the tip of their great toe 15 cm from 
the wall. Balance was maintained by allowing the 
participant’s fingertips to touch the wall with elbows 
in 90 degrees of flexion. Participants were instructed 
to shift their weight onto the test limb and stand 
as erect as possible, which was monitored by the 

examiner. The non-stance limb was held in slight 
knee flexion to attain a NWB position. The examiner 
stood on a 12.5 inch elevated platform adjacent to the 
participant to record test results. A steel, 8-inch by 
12-inch IRWIN carpenter square tool (Stanley Black 
& Decker, Inc., New Britain, CT, USA) was aligned 
vertically on the wall and rested atop the midline of 
the participant’s head to measure starting position 
(Figure 3). Participants were instructed to perform 
a maximal unilateral heel-rise by rising onto their 
toes, with the angle device maintained in position 
throughout the motion by the examiner. The par-
ticipant was instructed to perform a simple up and 
down motion at a self-selected speed, without any 
prolonged hold. The participant’s maximum height 
was recorded at the completion of the movement. 
FHRT score was calculated by subtracting the start-
ing height from the participant’s maximum height. 
Three FHRT measurements were recorded on each 
limb and averaged, respectively. Each participant 
underwent three practice trials followed by a 30-sec-
ond rest period prior to three test trials on each limb. 
Test trials were recorded by the first examiner, and 
then the second examiner entered the room and the 
tests were repeated upon exit of the first examiner. 
Alternating blinded examiners was performed for 
both NWB and FHRT assessments. 

Gonioimetry Measurement 
(Non-Weight-bearing)
PF active ROM was assessed in NWB using a uni-
versal goniometer with the participant supine with 

Figure 1. Procedures, and fl ow of study.
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their feet off the edge of the treatment table (Fig-
ure 4), as previously described.13 The measurements 
were taken with knees extended to maintain consis-
tency with the position of the knee during the FHRT. 

Initially, the examiner placed the participant’s foot 
in a position of neutral DF. The axis of the goniom-
eter was aligned just distal to the lateral malleolus 
with the arms aligned with the fibula and fifth meta-
tarsal.12 The participants were instructed to maxi-
mally perform a PF motion. Three measurements 
were documented and averaged for each participant 
on each limb and recorded in degrees.

Statistical Methods
Analyses were conducted using R statistical soft-
ware23 and included descriptive statistics, reliability 
coefficients, and Pearson correlations. Additionally, 
a paired t-test procedure was applied to compare the 
mean differences between goniometer and heel-rise 
variables. An alpha value was set at 0.05. Intraclass 
correlation coefficient (ICC) with a 95% confidence 
interval was used to determine intra- and interrater 
reliability, where the following criteria were applied: 
< 0.5 (poor), 0.5 – 0.75 (moderate), 0.75 – 0.9 (good), 
and > 0.9 (excellent).24 The standard error of mea-
surement (SEM) and the minimal detectable change 
(MDC) values were calculated. The standard error 
of measurement (SEM) determines the error pres-
ent in the examiner’s recorded measurements when 
attempting to estimate the true measurements; SEM 
= SD √1-ICC (SD = standard deviation).25 The 95% 
confidence interval value was used to calculate the 
MDC, which is the smallest amount of change that 
can be attributed to a true change rather than an 
error in the measurement, in which MDC = SEM * 
1.96 * √2.25

Figure 2. Functional Heel-Rise Test of Plantarfl exion Active 
Range of Motion (Weight-bearing).

Figure 3. Carpenter Square Tool.

Figure 4. Goniometer Assessment of Plantarfl exion Active 
Range of Motion (Non Weight-bearing).
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Results
Forty-three healthy volunteers (23 females, 20 
males) completed testing procedures (mean ± SD, 
age: 22.7 ± 1.7 years, height: 1.7 ± 0.1 m, mass: 77.8 
± 17.2 kg). Goniometric and FHRT interrater reli-
ability coefficients (ICC2,k), along with SEM and MDC 
values are described in Table 1 for the right and left 
limbs, respectively. Both measurement techniques 
demonstrated good to excellent interrater reliability 
(ICC = 0.79 – 0.87) across both limbs. Intrarater reli-
ability (ICC2,1), SEM, and MDC values for goniom-
etry and the FHRT are summarized in Table 2, with 
excellent reliability reported for goniometry (ICC = 
0.95 -0.97), as well as the FHRT (ICC = 0.99). 

Descriptive data were calculated for each examiner 
according to measurement method. Paired t-test 
results are summarized in Table 3, which revealed 
significant differences between goniometric mea-
surements among examiners on both limbs. A weak 
correlation (r = -0.03 - 0.13) existed between the 
goniometric and FHRT measurements.

Discussion
The FHRT demonstrated good to excellent intra- 
and interrater reliability. Previous investigations 

have noted that raters of varying levels of experi-
ence can reliably measure NWB13 and WB14 ankle 
ROM, which is further supported by the findings of 
the current study. Also, significant differences were 
found between examiners when measuring ankle PF 
active ROM with goniometry, but this trend was not 
observed for the FHRT. Contrary to some of the chal-
lenges previously mentioned with goniometry, as 
well as the conflicting evidence around the reliabil-
ity of surface palpation in other body regions,26-28 the 
FHRT does not require palpating bony landmarks 
nor aligning equipment with said landmarks, which 
may increase the ease of its use. This highlights the 
potential utility of the FHRT, which may lead to 
increased clinician confidence when WB measure-
ments are recorded between multiple rehabilitation 
specialists, including those with minimal experi-
ence. This notion is especially important, given the 
relevance of a team-based approach to interdisciplin-
ary patient care in contemporary clinical practice. 
Future research may wish to investigate the FHRT 
among clinicians of various healthcare disciplines 
and levels of experience.

The FHRT, as measured by vertical excursion dis-
tance, attempts to capture a more functional mea-
sure of PF active ROM compared to traditional NWB 
goniometry. Several components of motor control 
are required to execute a standing heel-rise includ-
ing motor planning, unilateral weight support, bal-
ance, and coordination,16,20 in addition to adequate 
mobility and muscle power of the foot and ankle 
complex. The authors posit the FHRT is a functional 
measure of PF active ROM requiring multiple links 

Table 1. Plantarfl exion Active Range of Motion: Interrater Reliability 
(ICC2,k), Standard Error of Measurement (SEM), and Minimal Detectable 
Change (MDC).

tfeLthgiR
ICC2,k (95% CI) SEM MDC ICC2,k (95% CI) SEM MDC 

Goniometer 0.79 (0.46, 0.91) 3.3° 9.2° 0.79 (0.55, 0.89) 3.6° 9.8° 
Heel-Rise 0.79 (0.61, 0.88) 0.6 cm 1.7 cm 0.87 (0.76, 0.93) 0.6 cm 1.6 cm 

Table 2. Plantarfl exion Active Range of Motion: Intrarater Reliability (ICC2,1), 
Standard Error of Measurement (SEM), and Minimal Detectable Change (MDC).

tfeLthgiR
ICC2,1 (95% CI) SEM MDC ICC2,1 (95% CI) SEM MDC 

Examiner 1 Goniometer 0.96 (0.90, 0.98) 1.7° 4.7° 0.97 (0.94, 0.98) 1.6° 4.3° 
Heel-Rise 0.99 (0.97, 0.99) 0.2 cm 0.4 cm 0.99 (0.99, 0.99) 0.2 cm 0.5 cm 

Examiner 2 Goniometer 0.96 (0.94, 0.98) 1.4° 4.0° 0.95 (0.91, 0.97) 1.8° 4.9° 
Heel-Rise 0.99 (0.98, 0.99) 0.1 cm 0.4 cm 0.99 (0.99, 0.99) 0.2 cm 0.4 cm 

Table 3. Paired T-Test Comparing Examiner 
Measurements of Goniometry and Heel-Rise.

Values expressed as mean ± standard deviat
difference at p ≤ 0.05

ion; *Statistically significant

Paired t-test 
  Examiner 1 Examiner 2 p value 

Goniometer Right 66.6 ± 8.39 62.97 ± 7.17 < 0.001* 
Left 66.12 ± 8.97 62.95 ± 7.82 <0.01* 

Heel-Rise Right 8.86 ± 1.52 9.08 ± 1.36 0.24 
 Left 8.64 ± 1.79 8.82 ± 1.58 0.30 
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in the kinematic chain to work effectively (balance, 
motor control, mobility, etc.). This notion has been 
investigated in other single limb tasks, such as eval-
uating the influence of hip strength on frontal plane 
knee motion with a single leg squat,29 or the contri-
butions of ankle DF ROM when performing a lateral 
step-down test.30 Additionally, the Star Excursion 
Balance Test’s evaluation of single limb dynamic 
balance requires varying degrees of hip strength31 
and ankle DF ROM.32 In terms of WB assessment 
of ankle mobility, the WB lunge test for ankle DF 
ROM does not require the same degree of muscle 
power and balance in comparison to the FHRT – 
making the FHRT perhaps a more complex test with 
additional opportunities for movement variability. 
Future research should investigate the different 
contributions to FHRT performance along the kine-
matic chain. 

The lack of correlation between goniometric and 
FHRT measurements may suggest these measure 
different constructs of ankle mobility. While goni-
ometry may assess PF active ROM at the talocrural 
joint with contributions from the midfoot/forefoot, 
performance of the FHRT may also require ade-
quate mobility of the great toe in order to complete 
the test. Locally at the ankle-foot region, adequate 
ankle and foot mobility, muscle power from the gas-
troc-soleus complex, and a degree of dynamic stabil-
ity are required to successfully maintain single limb 
stance in order to perform a heel-rise. The authors 
posit the discrepancy observed between NWB and 
WB active ROM may partly be due to individual 
differences in the use of available muscle power – 
highlighting the need for both a NWB and WB assess-
ment of ankle PF active ROM, as measuring ankle 
mobility in only one position may lead to improper 
assumptions by the clinician and adversely affect 
patient outcomes. 

It has been accepted that assessment of heel-rise 
performance can be evaluated at the foot and ankle 
region,18,19,21 or at the head by the amount of verti-
cal excursion as determined by change in height.20,22 
Measurements taken at the two body regions both 
have benefits and drawbacks. When evaluating a 
heel-rise through a measurement at the foot and 
ankle, the measurement is perhaps more accurate 
in terms of motion that is occurring locally at the 

heel relative to the ground. However, measurement 
through various techniques at the foot and ankle 
region can be challenging for the rehabilitation spe-
cialist, as it may require adequate visualization and 
palpation of bony landmarks in order to properly 
align equipment. Measurement of WB heel-rise per-
formance at the head, as with the FHRT, offers the 
potential advantage of improved visualization and 
examiner/patient interaction, allowing for more 
meaningful patient feedback. The authors feel this 
method is also easier, and perhaps more efficient, 
for novice clinicians to perform, as palpation of body 
landmarks is not required. However, as previously 
mentioned, there is perhaps greater movement 
variability when performing the FHRT, which one 
may argue that ankle ROM is only one component 
assessed. 

Although the current investigation included only 
healthy participants without a history of recent foot/
ankle pathology or balance issues, the importance 
of heel-rise performance in clinical populations may 
justify further exploration of the FHRT. Deficits in 
heel-rise height were identified in patients who sus-
tained an Achilles tendon rupture and experienced 
subsequent tendon elongation at 6 and 12 months 
post-injury.8 The measurement technique used a 
spring-loaded string attached to the heel of a shoe, 
where unilateral heel-rise height mean values for 
the uninjured (healthy) side were attained (12.9 – 
14.7 cm), which were somewhat higher than FHRT 
mean values (8.6 – 9.1 cm). If exploring heel-rise 
performance in clinical populations, differences in 
testing methods should be taken into account when 
comparing outcomes. 

Limitations
Blinding of the participants and researchers to the 
testing procedure and limb was not possible due to 
the nature of the data collection process. Also, exam-
iners were not blinded to their own goniometer and 
FHRT measurements, which may have introduced a 
degree of examiner bias. In addition, generalizability 
of study outcomes is limited due to a sample of con-
venience including healthy, adult participants. 

CONCLUSION
The FHRT demonstrated good to excellent intra- 
and interrater reliability among novice examiners, 
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similar to goniometric measurement. The lack of 
agreement between these measurements requires 
further exploration of a WB assessment for ankle PF 
active ROM. 
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ABSTRACT
B  ackground: Wo   rld Rugby Union laws are constantly evolving towards stringent injury-prevention, particularly for contested scrums, since front 
row players are most at risk of cervical spine injuries. Recently, some countries have also introduced tailored training programs and minimum 
performance requirements for playing in the front row. Nevertheless, these approaches lack an objective assessment of each cervical muscle that 
would provide protective support.

Objective: Si  nce front row players are the most at risk for cervical spine injuries due to the specific type of contact during scrums, the purpose of 
this study was to ascertain whether significant differences exist in neck muscle size and range of motion between front row players and players of 
other positions, across playing categories.

Study Design: Cross-sectional controlled laboratory study

Methods: 129 sub-elite male subjects from various first-team squads of Belgian Rugby clubs were recruited. Su bjects were grouped according to 
age: Junior (J) < 19 years old, Senior (S) 19 to 35 years old and Veteran (V) > 35 years old; as well as playing position: Front row players (J=10, 
S=12, V=11 subjects), (Rest of the) pack (J=12, S=12, V=10), backs (J=10, S=11, V=11). An age-matched control group of non-rugby players was 
also recruited (J=10, S=10, V=10). 

For each subject, the total neck circumference (NC) and the cervical range of motion (CROM) were measured. In addition, the thickness of the 
trapezius (T), splenius capitis (SCa), semispinalis capitis (SCb), semispinalis cervicis (SPC), sternocleidomastoid muscles (SCOM), and the total 
thickness of all four structures (TT), were measured using ultrasonography.

Results: In  each age category, compared to controls, rugby players were found to have decreased CROM, an increase in neck circumference (NC), 
and increased total thickness (TT), trapezius (T), semispinalis capitis (SCb) and sternocleidomastoid muscles (SCOM) sizes. For junior players, the 
thickness of the semispinalis cervicis (SPC) was also increased compared to controls. The CROM was decreased in front row players compared to 
pack and back players for all age categories; Front row seniors also showed an increase in trapezius (T), splenius capitis (SCa), semispinalis capitis 
(SCb) and total thickness (TT), compared to back players.

Conclusion: In regard of the differences in cervical values found between player positions, the implementation of both range of motion and echog-
raphy muscle thickness assessments could serve to create an additional measurement for all front row players, that could complement current 
pre-participation screening used by rugby federations by objectively monitoring muscular size and motion amplitude around the cervical spine.

Keywords: Ultrasonography, musculoskeletal ultrasound, rugby scrum, neck 

I
J
S
P

T
ORIGINAL RESEARCH

ULTRASONOGRAPHIC ASSESSMENT OF NECK 

MUSCULAR SIZE AND RANGE OF MOTION 

IN RUGBY PLAYERS

Walter Hemelryck, MSc, DO1,2

Josselin Calistri, MSc 1
Virginie Papadopoulou, PhD1,3

Sigrid Theunissen, PhD1

Christian Dugardeyn, MD4

Costantino Balestra, Msc, PhD1

1 Environmental & Occupational Physiology Laboratory, Haute 
École Paul Henri Spaak, Belgium 

2 Centre for Hyperbaric Oxygen Therapy, Military Hospital 
“Queen Astrid”, Brussels, Belgium

3 Department of Bioengineering, Imperial College London, 
London, UK

4 Braine l’Alleud Hospital (CHIREC), Waterloo, Belgium

Ethics approval  
Academic Ethical Committee of Brussels (Ethic committee B 

200–2013-081)

Statement of fi nancial disclosure and confl ict of interest:
The authors affi rm that they have no fi nancial affi liation 

(including research funding) or involvement with any 
commercial organization that has a direct fi nancial interest in 
any matter included in this manuscript. There are also no 
other confl icts of interest (ie, personal associations or 
involvement as director, offi cer, or expert witness).

Acknowledgements:
The authors would like to thank all the rugby players who 

generously volunteered their time for this study, as well as 
Erik Lambert who assisted in the proof-reading of the 
manuscript. WH and VP participated in this study whilst 
funded with the support of the PHYPODE project by the 
European Union under a Marie Curie Initial Training Network 
Program (EU-FP7-ITN-264816).

CORRESPONDING AUTHOR
Walter Hemelryck, MSc, Osteopath DO
Environmental & Occupational Physiology 
Laboratory, Haute École Paul Henri Spaak, 
Avenue Charles Schaller 91, 
1160 Brussels, Belgium
Telephone number: +32495333407
E-mail: whosteo@hotmail.com

The International Journal of Sports Physical Therapy | Volume 13, Number 1 | February 2018 | Page 28
DOI: 10.26603/ijspt20180028



The International Journal of Sports Physical Therapy | Volume 13, Number 1 | February 2018 | Page 29

INTRODUCTION
Fi ve percent of rugby injuries are to the cervical 
spine region, ranging from benign lesions such as 
sprains or muscular bruises, to spinal cord injuries.1,2 
Fortunately, serious injuries are becoming less fre-
quent, due to a continuous evolution of the game’s 
rules.3 Nevertheless, rugby remains one of the most 
injury-prone sports as far as cervical injuries are 
concerned.4 There is not a significant difference in 
types of injuries between professional players and 
amateurs.5 However, the younger player catego-
ries are spared, because of appropriate scrum rules, 
contacts being less rough and the power of players 
(weight and speed) being less developed. In  fact, the 
incidence of cervical injury was shown to increase 
by age category: 68% for over 21 year old players, 
23% for 17-21 year olds, 3% for 15-17 year olds, and 
3% for 13-15 year olds.6 

Du ring scrums, the front row players, positioned 
with arms interlocked and heads down with the 
rest of their pack (five other players) pushing from 
behind, are in direct frontal close contact with the 
opponent’s front row and pack players who are 
pushing against them. Fifty-eight percent of cervical 
spine injuries7,8 in rugby are sustained by front row 
players during scrums. An other important source of 
neck injuries in rugby comes in the form of facet 
dislocations caused by impact sustained during con-
tacts and tackles.9

In world Rugby Union regulations, it is the team’s 
responsibility to ensure that all front row players 
and potential front row replacements are suitably 
trained and equipped to deal with the demands of the 
position (especially scrummaging). It is not for the 
referee to determine whether any player is suitably 
trained or physically and morphologically equipped 
to play in the front row. Unfortunately, there are no 
specifications as to what comprises suitable train-
ing, nor does a standard objective assessment of the 
size of cervical muscles for front row players exist 
to determine minimum morphological readiness to 
playing in the front row. Researchers have shown 
that increased muscle strength and size reduces the 
risk of injuries.10-13 

Ultrasound imaging is a relatively inexpensive, 
portable, non-ionizing, non-invasive and real-time 

diagnostic modality. Ultrasound imaging is there-
fore proposed as a means to complement the usual 
medical assessment approaches by objectively 
assessing each muscle in the cervical region, and 
describing size norms for front row players which 
could be correlated to cervical protective support 
towards injury prevention in future studies. Since 
front row players are the most at risk for cervical 
spine injuries due to the specific type of contact 
during scrums, the purpose of this study is to ascer-
tain whether significant differences exist in neck 
muscle size and range of motion between front row 
players and players of other positions, across play-
ing categories.

METHODS

Subjects
Th is study was conducted in accordance with the 
Declaration of Helsinki after approval by the Aca-
demic Ethical Committee of Brussels (B 200–2013-
081) and written informed consent. 

Male volunteers were recruited from Belgian first 
division rugby clubs so that a minimum of 10 sub-
jects were included in each of the following nine 
categories: 

• Junior (J) < 19 years old, divided into front row 
players, (rest of the) pack and backs

• Senior (S) 19 to 35 years old, divided into front 
row players, (rest of the) pack and backs

• Veteran (V) > 35 years old, divided into front 
row players, (rest of the) pack and backs

In addition, three age-matched control groups, with 
a minimum of 10 subjects each, were also recruited 
for the junior, senior and veteran age categories.

All rugby players participating in the study had no 
current or previous cervical or spinal pathologies 
and had passed a medical examination confirming 
no contra-indication to the practice of rugby. The 
controls were all people practicing sports, at least 
three times a week for no less than 90 min per ses-
sion. They were submitted to the same medical 
examination, which includes no contraindications 
to the practice of sports and no cervical or spinal 
problems.
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Measurements
Ea   ch subject was measured at least three hours after 
having finished any form of physical activity. Ul  tra-
sound measurement reliability has been previously 
established for neck measurements, with an intra-
class correlation coefficient of 0.82 and lower limit 
of detectable changes around 0.8-2.1 mm, as well as 
no demonstrable bias between experienced asses-
sors.14-17 In this study, the average of three repeated 
measurements was taken for each parameter by the 
same researcher physiotherapist to further minimize 
measurement errors. Prior to the start of this study, 
the physiotherapist received additional training with 
a radiologist until measurement consistency was 
verified and accepted. A post-hoc evaluation of mea-
surement consistency found an intra-class correla-
tion coefficient of 0.98, demonstrating an excellent 
measurement consistency. This was done by mea-
suring all five muscles’ thicknesses seven times with 
ultrasound (as described hereafter in Ultrasound mus-
cle thickness measurements), on both the left and the 
right side, and repositioning the subject completely 
every time (starting from a standing position). For 
each of the seven measurements, as in the study, 
the average of three measurements was taken, and 
the breakdown of all individual measurements is 
reported in Appendix A. The intra-class correlation 
coefficient, a measure of measurement consistency 
for continuous data, was then calculated for all 10 
muscles thicknesses (five left and five right side) 
between the seven measures.

Cervical range of motion (CROM):
The cervical range of motion (CROM) instrument 
(CROM Basic, PhysioSupplies, NL) was used to 
assess the amplitudes (range of motion) of differ-
ent cervical movements, due to its practicality, good 
repeatability and accuracy.18,19 The subjects sat on a 
chair with a vertical backrest, both feet flat on the 
ground, head and back straight and detached from 
the backrest, looking straight forward to a fixed point 
(called the ‘neutral position’), adapted from the lit-
erature20 to maintain the natural spinal curves. After 
calibration, the CROM instrument was fixed onto the 
subject’s head and they performed ma ximum active 
range of movements, in flexion, extension, right and 
left rotation, and right and left side bending of the 
head (inclination of the neck). The experimenter 

placed his hands on the subjects’ shoulders to detect 
and correct any errors in posture or compensation.

Ultrasound muscle thickness measurements:
The thicknesses of anterior and posterior muscles 
of the neck, choosing the most voluminous portion 
on the echography plane for repeatability, were also 
measured bilaterally, in the same sitting position 
as for the CROM measurements described above, 
using a portable ultrasound machine (DP 6600, Min-
dray Bio-Medical Electronics Co, Shenzhen, China): 
trapezius (T), splenius capitis (SCa), semispinalis 
capitis (SCb), semispinalis cervicis (SPC) and ster-
nocleidomastoid muscles (SCOM). 

Measurements were performed at the cervical level 
C5-C6 corresponding with where the largest number 
of injuries occur in rugby.9 For the posterior muscles, 
the subject was asked to position himself in maxi-
mum active cervical flexion. The linear probe of the 
ultrasound (bandwidth 5-10MHz) was placed 2 cm 
laterally to the C6 level as determined by palpation 
of the spinous process to standardize measurements 
with an appropriate visualization of the desired 
structures. After freezing the image (Figure 1), the 
experimenter measured the thickness of the various 
muscles: T, SCa, SCb and SPC. The total thickness 
(TT) of these four structures was also recorded. For 
the SCOM on both sides, the subjects were asked to 
take the neutral position, as described above, and 
measurements were taken at the C6 level to visual-
ize the thickest portion of the SCOM (Figure 2). 

Neck circumference:
The neck circumference (NC) was measured using 
a flexible tape, with the subject seated in the neu-
tral position. To guarantee accurate measurements, 
the tape measure was placed perpendicularly to the 
neck under the thyroid cartilage, directly below the 
laryngeal prominence, taking care not to compress 
any structures and/or subjacent tissue.

Statistical analyses
   All statistical analyses were done with GraphPad 
Prism21 and the significance level set a priori  at 
p<0.05. All twelve subgroups were compared to each 
other for each measurement. Normal distribution tests 
were done using Kolmogorov-Smirnov, d’Agostino and 
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Pearson and at least one sample was found non-nor-
mally distributed each time. Thus, Kruskal-Wallis (non-
parametric) tests with Dunn’s post-test were used. 

RESULTS
 One hundred and twenty-nine male volunteers, aged 
15 to 54 were recruited for this study and subdivided 

by age category and player position. A control group 
of non-rugby players was also recruited and divided 
into age-matched control groups, thus creating 
twelve sub groups, each with 10-12 subjects (Tables 
1 and 2).

Comparisons between player positions 
within each age category
Tables 3, 4 and 5 show the statistical comparison for 
each measurement (CROM, muscle sizes and NC) 
between players from different position categories 
and include the statistical comparisons between 
players and age-matched controls. 

For juniors, the significant differences between play-
ers and controls included NC, flexion, left and right 
T, left and right TT, left and right SCOM between 
pack players and controls, flexion, left and right SPC 
thickness between backs and controls, and all mea-
sures other than left rotation, left and right and SCa 
thickness, between front players and controls.

For veterans, the significant differences between 
players and controls included right rotation, left and 
right TT between pack players and controls, NC, 
flexion, extension, right and left rotations, left and 
right T, left and right SCb, left and right TT, left and 
right SCOM between front players and controls, NC 
between front and pack players, as well as NC and 
flexion between front and back players.

For seniors, the significant differences between play-
ers and controls included NC, flexion, right rotation, 
left and right SCb, left and right TT, left and right 
SCOM, right T between front and back players, NC 
between front and pack players, as well as NC, exten-
sion, right rotation, left and right SCb, left and right 
TT, left and right SCOM, right T between front play-
ers and controls. No differences were found between 
pack players, back players and controls in this age 
category. 

Comparisons between age-categories for 
same player positions
In addition to position comparisons, players in the 
same position but in different age categories were 
also compared for each measured quantity. All 
results were not significant, apart from the follow-
ing four quantities: 

Figure 1. Example ultrasound image for anatomical mea-
surements: trapezius (1), splenius capitis (2), semispinalis 
capitis (3), semispinalis cervicis (4) and the total thickness of 
these four structures (5).

Figure 2. Example ultrasound image for the sternocleido-
mastoid muscle (SCOM).
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• J1/V1 neck circumference (p<0.001)

• JC/VC neck circumference (p<0.001)

• J1/V1 neck extension range of motion (p<0.01)

• S3/V3 neck right rotation amplitude (p<0.05)

DISCUSSION
The results show few differences between age-cate-
gories for the same player positions; however, there 
were several significant differences between players 
and controls, as well as between the front row play-
ers versus other players (especially back players in 
some age-categories.)

Table 1. Anthropomorphic measurements of recruited subjects by age 
group. Reported as mean ± standard deviation.

Age group 
definitions

Number
of

subjects

Age
(yrs)

Height
(cm)

Weight
(kg) BMI

Weekly
training

time
(hrs/week) 

Junior (J):
15 to 18 yrs 

old
42 17 ± 

1.19 178 ± 6.45 77 ± 15.6 24.2 ± 4.0 7 ± 2 

Senior (S):
19 to 34 yrs 

old
45 25 ± 

2.53 180 ± 5.72 85 ± 14.4 26.3 ± 4.1 6 ± 1 

Veteran (V): 
35 to 54 yrs 

old
42 44 ± 

6.39 180 ± 6.49 92 ± 15.5 28.4 ± 4.5 2 ± 1 

Table 3. Statistical comparisons of measured parameters for different row players within the junior (J) age 
category. All data are presented as means ± standard deviation.

 snosirapmoC sroinuJ

1st Row (J1) Pack (J2) Back (J3) Control Group 
(JC) J1 / J2 J1 / J3 J1 / JC J2 / J3 J2 / JC J3 / JC 

Neck circumference (cm) 41.5 ± 2.9 40.0 ± 2.5 39.0 ± 2.1 36.2 ± 1.1 ns ns *** ns * ns 
 * * sn ** sn sn 5 ± 27 4 ± 55 5 ± 65 7 ± 45 )°( noixelF
 sn sn sn ** sn sn 5 ± 86 8 ± 85 4 ± 95 3 ± 25 )°( noisnetxE

Right Rotation (°) 60 ± 5 63 ± 5 64 ± 4 70 ± 3 ns ns * ns ns ns 
Left Rotation (°) 62 ± 6 64 ± 5 63 ± 4 71 ± 3 ns ns ns ns ns ns 
Right Side Bending(°) 35 ± 5 40 ± 3 42 ± 3 48 ± 4 ns ns *** ns ns ns 
Left Side Bending (°) 37 ± 6 40 ± 4 42 ± 3 49 ± 3 ns ns *** ns ns ns 
1-L Trapezius (mm) 4.30 ± 1.00 3.67 ± 0.57 3.28 ± 0.46 2.34 ± 0.31 ns ns *** ns * ns 
2-L Splenius capitis (mm) 6.97 ± 1.29 6.87 ± 1.26 6.07 ± 1.45 5.12 ± 0.50 ns ns ns ns ns ns 
3-L Semispinalis capitis (mm) 11.22 ± 2.30 9.62 ± 0.97 9.20 ± 1.69 8.03 ± 0.47 ns ns ** ns ns ns 
4-L Semispinalis cervicis (mm) 8.20 ± 0.82 7.52 ± 0.93 9.11 ± 1.28 5.87 ± 0.65 ns ns ** ns ns *** 
Total Left (mm) 30.42 ± 2.75 28.44 ± 2.87 28.24 ± 4.34 23.00 ± 1.10 ns ns *** ns * ns 
5-L SCOM (mm) 14.85 ± 2.24 14.23 ± 1.50 12.48 ± 1.01 10.22 ± 1.15 ns ns *** ns *** ns 
1-R Trapezius  (mm) 4.40 ± 1.11 3.92 ± 0.69 3.37 ± 0.35 2.40 ± 0.20 ns ns *** ns *** ns 
2-R Splenius capitis (mm) 6.92 ± 1.29 6.67 ± 1.26 5.96 ± 1.45 5.12 ± 0.50 ns ns ns ns ns ns 
3-R Semispinalis capitis (mm) 11.16 ± 2.03 9.76 ± 0.95 9.31 ± 1.64 8.06 ± 0.55 ns ns ** ns ns ns 
4-R Semispinalis cervicis (mm) 8.34 ± 0.61 7.48 ± 1.26 9.47 ± 1.59 5.96 ± 0.61 ns ns ** ns ns *** 
Total right (mm) 30.59 ± 2.48 28.64 ± 2.76 28.05 ± 3.61 23.09 ± 1.04 ns ns *** ns * ns 
5-R SCOM (mm) 14.80 ± 1.92 14.42 ± 1.38 12.61 ± 1.14 10.06 ± 1.16 ns ns *** ns *** ns 

1= front players; 2= pack players (middle); 3= backs; C= control (non-rugby players), SCOM= sternocleidomastoid muscle 
*= p<0.05, **= p<0.01 and***= p<0.001, ns= no statistically significant difference   

Table 2. Number of subjects in each age category by row position for 
rugby players and control subjects.

Front (1) Pack (2) Back (3) Control (C): 
Junior N=10 N=12 N=10 N=10 
Senior N=12 N=12 N=11 N=10 

Veteran N=11 N=10 N=11 N=10 
Front= Front row players, Pack= 2nd and 3rd row players, Back= back players, Control= control 
group of non-rugby players.
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Neck circumference is a global size measurement; 
however, ultrasonography makes it possible to mea-
sure the size of specific muscles. In particular, SCb is 
significantly thicker in players than in controls, and 
in particular in front row players, in all age-catego-
ries. This could be a result of the specific demands 

of rugby where the ball is always passed backwards 
and this sport specific movement is associated with 
significant trunk and neck rotations.  Ultrasonogra-
phy thus allows individual muscle assessment and 
could be used to monitor targeted strengthening, 
especially for front row players. 

Table 4. Statistical comparisons of measured parameters for different playing positions within the senior (S) 
age-category. All data are presented as means ± standard deviation. 

snosirapmoCsroineS

1st Row (S1) Pack (S2) Back (S3) Control Group 
(SC) 

S1 / 
S2 

S1 / 
S3 

S1 / 
SC S2 / S3 S2 / 

SC
S3 / 
SC 

Neck circumference (cm) 44.5 ± 1.9 41.2 ± 1.2 39.7 ± 1.6 38.0 ± 2.6 * *** *** ns ns ns 
snsnsnsn*sn8±169±364±557±94)°(noixelF

Extension (°) 49 ± 5 57 ± 5 60 ± 5 66 ± 6 ns ns *** ns ns ns 
Right Rotation (°) 55 ± 4 61 ± 5 65 ± 5 66 ± 8 ns ** ** ns ns ns 
Left Rotation (°) 57 ± 4 63 ± 5 65 ± 9 65 ± 8 ns ns ns ns ns ns 
Right Side Bending(°) 35 ± 6 38 ± 6 41 ± 5 45 ± 9 ns ns ns ns ns ns 
Left Side Bending (°) 35 ± 6 39 ± 6 42 ± 4 44 ± 8 ns ns ns ns ns ns 
1-L Trapezius (mm) 4.13 ± 0.52 3.76 ± 0.74 3.00 ± 0.61 2.99 ± 0.93 ns * ns ns ns ns 
2-L Splenius capitis (mm) 7.77 ± 1.79 6.76 ± 1.31 5.46 ± 1.09 5.56 ± 1.58 ns * ns ns ns ns 
3-L Semispinalis capitis (mm) 12.82 ± 1.98 9.93 ± 1.33 8.75 ± 1.35 8.40 ± 1.51 ns ** *** ns ns ns 
4-L Semispinalis cervicis (mm) 8.82 ± 1.64 8.09 ± 1.07 7.65 ± 1.90 6.93 ± 1.51 ns ns ns ns ns ns 
Total Left (mm) 33.83 ± 2.16 29.19 ± 1.66 26.77 ± 1.63 24.8 ± 3.21 ns ** *** ns ns ns 
5-L SCOM (mm) 16.14 ± 1.90 13.52 ± 1.55 12.85 ± 1.24 11.7 ± 1.21 ns ns *** ns ns ns 
1-R Trapezius (mm) 4.30 ± 0.41 3.71 ± 0.76 3.19 ± 0.47 3.07 ± 0.86 ns * * ns ns ns 
2-R Splenius capitis (mm) 7.99 ± 1.79 6.70 ± 1.31 5.63 ± 1.09 5.69 ± 1.58 ns * ns ns ns ns 
3-R Semispinalis capitis (mm) 12.95 ± 2.01 10.41 ± 1.25 9.00 ± 0.95 8.39 ± 1.53 ns ** *** ns ns ns 
4-R Semispinalis cervicis (mm) 8.61 ± 1.53 8.01 ± 1.03 7.40 ± 1.89 7.20 ± 1.35 ns ns ns ns ns ns 
Total right (mm) 34.18 ± 2.22 29.35 ± 2.00 27.14 ± 1.84 25.22 ± 2.81 ns ** *** ns ns ns 
5-R SCOM (mm) 17.11 ± 1.63 13.62 ± 1.55 12.66 ± 1.06 12.36 ± 1.47 ns ** *** ns ns ns 

1= front players; 2= pack players (middle); 3= backs; C= control (non-rugby players), SCOM= sternocleidomastoid muscle 
*= p<0.05, **= p<0.01 and***= p<0.001, ns= no statistically significant difference  

Table 5. Statistical comparisons of measured parameters for different playing positions within the veteran (V) 
age-category. All data are presented as means ± standard deviation. 

snosirapmoCsnareteV

1st Row (V1) Pack (V2) Back (V3) Control Group 
(VC)

V1 / 
V2 

V1 / 
V3 

V1 / 
VC

V2/ 
V3 

V2 / 
VC 

V3 / 
VC

Neck circumference (NC) (cm) 46.7 ± 2.7 42.0 ± 2.5 41.4 ± 1.70 40.5 ± 2.80 *** *** *** ns ns ns 
snsnsn****sn6±266±856±258±54)°(noixelF
snsnsn*snsn7±656±746±057±93)°(noisnetxE

Right Rotation (°) 48 ± 8 55 ± 7 56 ± 5 65 ± 8 ns ns *** ns * ns 
Left Rotation (°) 51 ± 7 55 ± 5 56 ± 6 66 ± 6 ns ns ** ns ns ns 
Right Side Bending(°) 31 ± 7 34 ± 7 34 ± 6 40 ± 4 ns ns ns ns ns ns 
Left Side Bending (°) 34 ± 5 34 ± 8 38 ± 6 40 ± 4 ns ns ns ns ns ns 
1-L Trapezius (mm) 3.97 ± 0.65 3.63 ± 0.61 3.03 ± 0.49 2.53 ± 0.44 ns ns ** ns ns ns 
2-L Splenius capitis (mm) 7.08 ± 1.05 6.62 ± 1.19 6.04 ± 1.09 5.20 ± 0.72 ns ns ns ns ns ns 
3-L Semispinalis capitis (mm) 11.4 ± 1.31 10.68 ± 1.37 9.18 ± 0.80 8.27 ± 0.91 ns ns ** ns ns ns 
4-L Semispinalis cervicis (mm) 7.79 ± 1.19 7.74 ± 2.08 7.53 ± 1.10 6.01 ± 0.86 ns ns ns ns ns ns 
Total Left (mm) 31.15 ± 2.84 29.97 ± 2.48 27.57 ± 2.56 24.48 ± 1.30 ns ns ** ns * ns 
5-L SCOM (mm) 14.62 ± 1.87 13.57 ± 2.03 11.95 ± 0.94 10.83 ± 0.43 ns ns *** ns ns ns 
1-R Trapezius (mm) 3.88 ± 0.62 3.64 ± 0.76 3.06 ± 0.40 2.53 ± 0.25 ns ns ** ns ns ns 
2-R Splenius capitis (mm) 6.94 ± 1.05 6.23 ± 1.19 5.83 ± 1.09 5.33 ± 0.72 ns ns ns ns ns ns 
3-R Semispinalis capitis (mm) 11.37 ± 1.30 10.75 ± 1.39 9.25 ± 1.18 8.46 ± 0.68 ns ns ** ns ns ns 
4-R Semispinalis cervicis (mm) 7.84 ± 0.72 7.63 ± 1.71 7.25 ± 0.86 6.07 ± 0.97 ns ns ns ns ns ns 
Total right (mm) 31.43 ± 2.63 29.94 ± 2.15 27.42 ± 1.94 24.63 ± 1.32 ns ns *** ns * ns 
5-R SCOM (mm) 14.94 ± 1.60 13.79 ± 1.91 12.36 ± 1.17 11.06 ± 0.89 ns ns *** ns ns ns 

1= front players; 2= pack players (middle); 3= backs; C= control (non-rugby players), SCOM= sternocleidomastoid muscle 
*= p<0.05, **= p<0.01 and***= p<0.001, ns= no statistically significant difference   
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Comparisons between age-categories 
There are few statistical differences for the same 
player positions between different age-categories. 
The neck circumference of veteran front row play-
ers was larger than that of front row junior players; 
however, this increase with age was also found in 
the control population. Therefore, this is most likely 
not related to the practice of rugby and the differ-
ence is probably due to normal aging. 

The only significant differences include neck exten-
sion range of motion, which decreases in veterans 
compared to junior front players, as well as neck 
right rotation range of motions, which decreases 
in veterans compared to senior back players. The 
extension range of motion decreases with the age of 
the front row rugby players: there is a statistically 
significant difference between front row junior and 
veteran players. The decrease in extension range of 
motion is consistent with previous studies22    but this 
seems to be exacerbated in rugby players since the 
same changes were not seen in the control group. 
There is evidence that exercise and training affects 
the flexibility of connective tissue and thus may 
impact the cervical range of motion.23 This can also 
potentially explain the decrease in the right rotation 
amplitude found in back player veterans compared 
to seniors, as the continued practice of rugby may 
exacerbate any normal aging differences due to the 
sustained cervical strains in response to the practice 
of rugby.24,25

Comparisons between rugby players and 
controls
Differences in range of motion as well as muscle 
size were found between players and controls in all 
age-categories. This is not surprising as it points to 
specific adaptations that occur in response to the 
practice of rugby.

The decrease in motion amplitude found in rugby 
players could be related to the larger neck circum-
ference compared to controls. This additional mass 
could restrict the range of movement and increase 
the endurance of the superficial (external) stabiliz-
ers of the vertebral column.26 This hypothesis is sup-
ported by the fact that these observations are most 
pronounced in front row players. Indeed, during a 
scrum push, a stabilizing isometric contraction of 

the deep and superficial muscles surrounding the 
cervical spine is present. This increase in stability 
could be developed to the detriment of the cervical 
spine flexibility. A previous study discussed the pos-
sibility that decrease in amplitude of prop players 
(the two players situated on the sides of the front 
row, who frame the hooker during scrums) could 
be due to an increased fatty mass in the neck area 
in these players compared to other rugby players.27 
However, this explanation goes against the findings 
of other researchers who have shown that fatty mass 
and neck circumference do not play a role in limited 
cervical range of motion.28 

An alternative explanation, especially for older play-
ers, could be that the decreased range of motion in 
players compared to controls is due to an early stage, 
subclinical, articular pathology. Early disc degenera-
tion is found in 56% of front row players, against 
only 15% of a matched non-rugby control group.29 
In the same study 71% of players were shown to 
have a disk space narrowing, 36% a herniated disk 
and 48% a protrusion.   In addition, an estimated 80% 
of rugby players older than 21 years of age develop 
osteophytes favoring the narrowing of the spinal 
canal and the development of osteoarthritis    due to 
increased constraint and pressure on the joint sys-
tem that increases  the degeneration and inflamma-
tion leading to osteoarthritis.29

Comparisons between front row players and 
players in other positions
The most pronounced differences between front 
row players and other positions were found for the 
senior age-category. One explanation for this dif-
ference could be that the development of physical 
capacity of the front row player is initiated during 
youth and only peaks in seniors, before decreas-
ing in veterans. In addition, the muscular increases 
seen in the senior pack players can be explained by 
the practice of weight training which is typical for 
players wishing to play at a competitive level in the 
senior category.30  Among the players in the current 
study population, 73% of seniors trained in the gym 
(85% of the front row and pack, 50% of the backs), 
as compared to only 12% of juniors and 18% of vet-
erans. It is common practice in training schedules 
for junior and senior (not veterans) playing catego-
ries in Belgian elite divisions, for players to have at 
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least one weekly whole body weight training session 
included in their training schedule. Nevertheless, no 
training routine is specifically developed to target 
cervical strength.

An important difference could also be that for senior 
players contacts are stronger and faster and the scrum 
rules less protective.31,32 To minimize the risk of injury, 
the rules of scrums differ by age category. Pushing in 
scrums is forbidden before 15 and after 35 years of 
age, whereas it is restricted to 1.5 meters between 15 
and 19 years of age. An adapted cervical musculature 
is needed to face these severe constraints. The results 
show that the front row players have a bigger volume 
and a lesser amplitude of movement than other for-
ward players, and backs. These findings are consistent 
with a previous study which found that the decrease 
in the cervical column movement amplitudes scales 
with rugby training frequency and total years of prac-
tice.33 It is clear that front row players develop their 
muscles to fight against the forces applied vertically 
on their cervical spine during scrums.

Clinical Implication
In recent years, rugby injury prevention systems 
have been put in place, such as New Zealand’s “Rug-
bysmart”, Australia’s “Smartrugby”, South Africa’s 
“Boksmart” and the International Rugby Board’s 
(IRB) “Rugby Ready”. They integrate education and 
training for rugby players, coaches and referees, as 
well as the medical and club personnel. In particu-
lar, they detail the physical preparation for devel-
oping the necessary strength, speed, and flexibility 
during training. 

It is generally accepted that stabilization exercises, 
as well as high-intensity strengthening exercises 
that increase muscular mass, protect against acute 
injuries such as fractures or sprains.34,35 All front row 
rugby players have high intensity cervical prepa-
ration exercises as part of their specific training. 
However, it has also been shown that high-intensity 
strengthening exercises can sometimes result in 
early degenerative diseases of the cervical spine.36-

39 Nevertheless, because of the scrums in rugby, in 
order to prevent serious cervical injuries in the front 
row, it remains necessary to strengthen and stabilize 
the cervical region muscles,40 so it is important to 
monitor this appropriately.

These injury prevention systems and high intensity 
exercises do not, at this time, include any monitor-
ing of cervical muscle size over time to assess the 
effectiveness of proposed exercises, and more par-
ticularly cervical strengthening. From the findings 
of this study, implementation of cervical ultrasound 
measurements, with regular follow-ups, could help 
objectively ascertain the effectiveness of proposed 
neck strengthening exercises suggested by all injury 
prevention systems. This may also help define the 
readiness to play within the different rugby federa-
tions (see above “Smartrugby”, etc) and could even-
tually lead to the creation of minimum muscle size 
standards for playing in the front row. 

In addition to the general rugby fitness requirements, 
in some countries, a specific paragraph of the medi-
cal certificate is devoted to “no contra-indications to 
the practice of rugby in front row position” for ama-
teur championships. Since 2013, in France, a junior 
player moving into the senior category and wishing 
to play in the front row must hold a “front row pass-
port”, based on physical tests, as well as a cervical 
MRI in case of cervical history or symptoms.36 To 
mitigate injury risk, the Scottish Rugby Federation 
stipulates that players have to be certified before 
playing in the front row a specific strength test of the 
neck.41

The rules for scrums have been updated over several 
years in order to make rugby safer (2007, 2012, 2013 
and 2014).42 Regulations in the youth category aim to 
avoid or limit the push to 1.50 m, however variations 
are used within each jurisdiction and for different age 
categories. Indeed, young people, who first transition 
into the senior category, find themselves suddenly hav-
ing to push fully in the scrums, without preparation.42 

Assessing muscular volumes with ultrasound mea-
surement, as done in this study, can be learned 
with practice. Prior to use, reliability of the opera-
tor should be confirmed by repeated measurements 
on the same individual and the ability to achieve 
correct anatomical positioning of the probe as per 
defined published protocols verified.14-16 It is a non-
invasive and completely safe technique, with no 
contra-indications. With further research, the mea-
surement protocol developed in this study could 
become the basis for describing minimal values by 
age to be reached in order to play in the front row.
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Ultrasound imaging could also be particularly use-
ful to capture functional movements in real time43 
or verify the state and evolution of external muscle 
volume after a traumatic injury before the return of 
the player to the field.  Since previous studies on the 
size of the muscles do not currently exist, the data 
presented in this paper can serve as a starting point 
for future research that may result in a consensus 
between the international federation and rugby 
leagues, once correlation to injury is established, by 
defining a minimum muscle size below which the 
player cannot get his “front row passport”. Below 
these limits, specific strengthening and stabilization 
exercises can be put in place for isometric develop-
ment (as for during scrums), dynamic and proprio-
ceptive, as well as stretching to increase range of 
motion.44 The outcome of these and other specific 
training exercises can also be directly assessed using 
ultrasound imaging to monitor progress.

Further studies with direct injury outcome correla-
tion should investigate whether adding to the “front 
row passport”, in terms of cervical muscle size (cir-
cumference) benchmarking, range of motion ampli-
tudes, and muscle thickness assessed via ultrasound 
could add to injury prevention. While the discus-
sion is focused on the scrums, tackling remains the 
second cause of cervical spine injuries45 and one of 
most dangerous aspects of the sport.8 The focus of 
this study was mainly on front row players, but the 
above fact could justify implementing cervical mus-
cle monitoring to all players. Finally, it is to be noted 
that only amateur players were considered in this 
study, and it would therefore be interesting to imple-
ment these measurements with professional play-
ers. In so doing, and for expanding on this pilot data 
to build a comprehensive database, the measure-
ment values in Tables 3–5 could be used to establish 
minimum sample sizes for powering a future study.

CONCLUSION
 Front row rugby players generally have thicker T, 
SCb and SCOM compared to other players in differ-
ent positions. The range of motion and muscle size 
differences observed were even more pronounced 
in the senior age category, where the rules for push-
ing during scrums are the most permissive. Both 
ultrasound and range of motion measurements may 
complement current pre-participation screening 

used by rugby federations by objectively monitor-
ing muscular size and motion amplitude around the 
cervical spine. 

REFERENCES
 1. Bohu Y, Julia M, Bagate C, Peyrin J, Thoreux P, 

Mousselard HP. Focus on cervical spine traumatism 
of the rugby player in France. Journal de 
Traumatologie du Sport. 2008;25(n°2):91-98.

2 . Friess S, Isner-Horobeti M, Lecocq J, Vautravers P. 
Rachis cervical et sport. ANMSR. 2002;54(1).

3 . Castinel B, Tourette J-H, Guttierez D. Mécanismes et 
épidemiologie des traumatismes cervicaux graves 
dans le jeu de rugby. Pathologie du Rugbyman. 
Congrès médical de la Fédération Francaise de Rugby, 
Lyon. 2004.

4. Bode n BP, Jarvis CG. Spinal injuries in sports. Phys 
Med Rehabil Clin N Am. 2009;20(1):55-68.

5. Swai n MS, Lystad RP, Pollard H, Bonello R. Incidence 
and severity of neck injury in Rugby Union: a 
systematic review. J Sci Med Sport. 2011;14(5):383-389.

6. Bohu  Y, Julia M, Bagate C, et al. Declining incidence 
of catastrophic cervical spine injuries in French 
rugby: 1996-2006. Am J Sports Med. 2009;37(2):319-
323.

7. Wetz ler MJ, Akpata T, Laughlin W, Levy AS. 
Occurrence of cervical spine injuries during the 
rugby scrum. Am J Sports Med. 1998;26(2):177-180.

8. Quar rie KL, Chalmers DJ. Impact of professionalism 
on injuries in rugby union. Br J Sports Med. 
2001;35(6):450.

9. Kust er D, Gibson A, Abboud R, Drew T. Mechanisms 
of cervical spine injury in rugby union: a systematic 
review of the literature. Br J Sports Med. 
2012;46(8):550-554.

10. Eck ner JT, Oh YK, Joshi MS, Richardson JK, Ashton-
Miller JA. Effect of neck muscle strength and 
anticipatory cervical muscle activation on the 
kinematic response of the head to impulsive loads. 
Am J Sports Med. 2014;42(3):566-576.

11. Che n L, Nelson DR, Zhao Y, Cui ZL, Johnston JA. 
Relationship between muscle mass and muscle 
strength, and the impact of comorbidities: a 
population-based, cross-sectional study of older 
adults in the United States. BMC Geriatr. 2013;13.

12. Rez asoltani A, Ali-Reza A, Khosro KK, Abbass R. 
Preliminary study of neck muscle size and strength 
measurements in females with chronic non-specifi c 
neck pain and healthy control subjects. Man Ther. 
2010;15(4):400-403.

13. Hid es JA, Stanton WR, Mendis MD, Franettovich 
Smith MM, Sexton MJ. Small Multifi dus Muscle Size 



The International Journal of Sports Physical Therapy | Volume 13, Number 1 | February 2018 | Page 37

Predicts Football Injuries. Orthop J Sports Med. 
2014;2(6):2325967114537588.

14. Ran kin G, Stokes M, Newham DJ. Size and shape of 
the posterior neck muscles measured by 
ultrasound imaging: normal values in males and 
females of different ages. Man Ther. 2005;10(2):108-
115.

15. Ish ida H, Suehiro T, Kurozumi C, Ono K, Watanabe 
S. Ultrasound imaging of the diagonal dimension of 
the deep cervical fl exor muscles: A reliability study 
on healthy subjects. J Bodyw Mov Ther. 
2015;19(3):417-420.

16. Ove ras CK, Myhrvold BL, Rosok G, Magnesen E. 
Musculoskeletal diagnostic ultrasound imaging for 
thickness measurement of four principal muscles of 
the cervical spine -a reliability and agreement study. 
Chiropr Man Ther. 2017;25.

17. Kri stjansson E. Reliability of ultrasonography for 
the cervical multifi dus muscle in asymptomatic 
and symptomatic subjects. Man Ther. 2004;9(2):83-
88.

18. de  Koning CH, van den Heuvel SP, Staal JB, Smits-
Engelsman BC, Hendriks EJ. Clinimetric evaluation 
of active range of motion measures in patients with 
non-specifi c neck pain: a systematic review. Eur 
Spine J. 2008;17(7):905-921.

19. Jor dan K. Assessment of published reliability 
studies for cervical spine range-of-motion 
measurement tools. J Manipulative Physiol Ther. 
2000;23(3):180-195.

20. You das JW, Carey JR, Garrett TR. Reliability of 
measurements of cervical spine range of motion--
comparison of three methods. Phys Ther. 
1991;71(2):98-104; discussion 105-106.

21. Bel gian Rugby League (offi cial). http://www.lbfr.be/ 
(accessed December 2015).

22. Sfo rza C, Grassi G, Fragnito N, Turci M, Ferrario VF. 
Three-dimensional analysis of active head and 
cervical spine range of motion: effect of age in 
healthy male subjects. Clin Biomech. 2002;17(8):611-
614.

23. Gut h EH. A comparison of cervical rotation in 
age-matched adolescent competitive swimmers and 
healthy males. J Orthop Sports Phys Ther. 
1995;21(1):21-27.

24. Nai r KS. Aging muscle. Am J Clin Nutr. 
2005;81(5):953-963.

25. Ste lle R, Zeigelboim BS, Lange MC, Marques JM. 
Infl uence of manipulation at range of rotation of the 
cervical spine in chronic mechanical neck pain. 
Revista Dor. 2013;14(4).

26. Yap rak Y. The effects of back extension training 
on back muscle strength and spinal range of 
motion in young females. Biol Sport. 
2013;30(3):201-206.

27. Lar k SD, McCarthy PW. Cervical range of motion 
and proprioception in rugby players versus non-
rugby players. J Sports Sci. 2007;25(8):887-894.

28. Pea rl AJ, Mayer PW. Neck motion in the high school 
football player. Observations and suggestions for 
diminishing stresses on the neck. Am J Sports Med. 
1979;7(4):231-233.

29. Ber ge J, Marque B, Vital JM, Senegas J, Caille JM. 
Age-related changes in the cervical spines of front-
line rugby players. Am J Sports Med. 1999;27(4):422-
429.

30. Gab bett TJ, Jenkins DG. Relationship between 
training load and injury in professional rugby league 
players. J Sci Med Sport. 2011;14(3):204-209.

31. Dut hie G, Pyne D, Hooper S. Applied physiology and 
game analysis of rugby union. Sports Med. 
2003;33(13):973-991.

32. Mur ray AD, Murray IR, Robson J. Rugby Union: 
faster, higher, stronger: keeping an evolving sport 
safe. Br J Sports Med. 2014;48(2):73-74.

33. Gab bett TJ. Incidence, site, and nature of injuries in 
amateur rugby league over three consecutive 
seasons. Br J Sports Med. 2000;34(2):98-103.

34. Pai llard T. [Exercise and bone mineral density in old 
subjects: theorical and practical implications]. 
Geriatr Psychol Neuropsychiatr Vieil. 2014;12(3):267-
273.

35. Dio nyssiotis Y, Skarantavos G, Papagelopoulos P. 
Modern rehabilitation in osteoporosis, falls, and 
fractures. Clin Med Insights Arthritis Musculoskelet 
Disord. 2014;7:33-40.

36. Oli vier PE, Du Toit DE. Isokinetic neck strength 
profi le of senior elite rugby union players. J Sci Med 
Sport. 2008;11(2):96-105.

37. Yli nen JJ, Hakkinen AH, Takala EP, et al. Effects of 
neck muscle training in women with chronic neck 
pain: one-year follow-up study. J Strength Cond Res. 
2006;20(1):6-13.

38. Rol ving N, Christiansen DH, Andersen LL, et al. 
Effect of strength training in addition to general 
exercise in the rehabilitation of patients with non-
specifi c neck pain. A randomized clinical trial. Eur J 
Phys Rehabil Med. 2014;50(6):617-626.

39. Yah ia A, Ghroubi S, Jribi S, et al. Chronic neck pain 
and vertigo: Is a true balance disorder present? Ann 
Phys Rehabil Med. 2009;52(7-8):556-567.



The International Journal of Sports Physical Therapy | Volume 13, Number 1 | February 2018 | Page 38

40. Dur all CJ. Therapeutic exercise for athletes with 
nonspecifi c neck pain: a current concepts review. 
Sports Health. 2012;4(4):293-301.

41. Rug by Union (offi cial). Laws of the Game, http://
laws.worldrugby.org/?law=20&language=EN 
(accessed December 2015).

42. Fre nch Rugby Federation. www.ffr.fr (offi cial 
website, accessed December 2015).

43. Peo lsson A, Brodin LA, Peolsson M. A tissue velocity 
ultrasound imaging investigation of the dorsal neck 

muscles during resisted isometric extension. Man 
Ther. 2010;15(6):567-573.

44. Cra met J, Desre L, Ribadoux M, Wacquiez G. 
PREMIERE LIGNE AU RUGBY: attention aux casse-
cou! Kinésithérapie scientifi que. 2008(488):35.

45. Fulle r CW, Brooks JH, Cancea RJ, Hall J, Kemp SP. 
Contact events in rugby union and their propensity 
to cause injury. Br J Sports Med. 2007;41(12):862-867; 
discussion 867. 

Appendix A. Post-hoc evaluation of measurement consistency was established by intra-class correlation coeffi cient 
calculation from seven repeated measurements (‘trials’) of all fi ve muscles thicknesses measured in the study, on both the left 
and right side, of one subject volunteer. For each trial, the average of three measurements was taken, as done during the study. 
The volunteer was completely repositioned starting from a standing position between all seven trials. The intra-class 
correlation coeffi cient, a measure of measurement consistency for continuous data, was then calculated for all ten muscles 
thicknesses (fi ve left side and fi ve right side) between the seven repeats and found to be 0.98, demonstrating excellent agreement. 



ABSTRACT
Background: Glenohumeral internal rotation deficit and external rotation strength have been associated 
with the development of shoulder pain in overhead athletes.

Objective: To examine the bilateral passive shoulder rotational range of motion (ROM), the isometric rota-
tional strength and unilateral serve speed in elite tennis players with and without shoulder pain history 
(PH and NPH, respectively) and compare between dominant and non-dominant limbs and between groups.

Study Design: Cohort study.

Methods: Fifty-eight elite tennis players were distributed into the PH group (n = 20) and the NPH group (n 
= 38). Serve velocity, dominant and non-dominant passive shoulder external and internal rotation (ER and 
IR) ROM, total arc of motion (TAM: the sum of IR and ER ROM), ER and IR isometric strength, bilateral defi-
cits and ER/IR strength ratio were measured in both groups. Questionnaires were administered in order to 
classify characteristics of shoulder pain.

Results: The dominant shoulder showed significantly reduced IR ROM and TAM, and increased ER ROM 
compared to the non-dominant shoulder in both groups. Isometric ER strength and ER/IR strength ratio 
were significantly lower in the dominant shoulder in the PH group when compared with the NPH group. 
No significant differences between groups were found for serve speed.  

Conclusion: These data show specific adaptations in the IR, TAM and ER ROM in the dominant shoulder 
in both groups. Isometric ER muscle weakness and ER/IR strength ratio deficit appear to be associated with 
history of shoulder injuries in elite tennis players. It would be advisable for clinicians to use the present 
information to design injury prevention programs. 

Level of evidence: 2

Key words: Isometric strength, range of motion, serve speed, shoulder injury, tennis
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to frequent overhead motions.15 Several authors 
reported significantly greater IR strength6,7,16,19 and 
lower ER/IR ratio6,16 in the dominant shoulder in 
asymptomatic tennis players compared to the non-
dominant shoulder. In uninjured elite tennis play-
ers, the recommended ER/IR strength ratio ranges 
between 61-76%, meaning that ER should have at 
least 2/3 of the IR strength.16 In this regard, a muscle 
imbalance in the ER/IR ratio together with weak ER 
in the dominant shoulder have been associated with 
a high risk of shoulder pain in overhead athletes,20-22 
including tennis players.4 However, the studies 
regarding shoulder rotation strength (measured 
using hand held dynamometry) in tennis players 
are scarce.23 In addition, to the authors’ knowledge, 
only a single previous study analyzed the relation-
ship between ER/IR strength ratio and shoulder pain 
history in amateur tennis players.4

IR and ER strength of the shoulder muscles has also 
been related to performance in tennis, more specifi-
cally with serve speed, considered the most impor-
tant shot in competitive tennis.24 In this regard, Baiget 
et al25 observed a relationship between shoulder IR 
isometric strength levels and serve speed. Moreover, 
previous authors have found a relationship between 
ball velocity and elbow and shoulder injuries in base-
ball players.26,27 It has been suggested that an effec-
tive energy flow during the serve would allow the 
player to produce a high ball velocity,28 but could also 
increase the mechanical load in the upper limb, thus 
leading to an increased risk of overuse injuries.29 
However, to the best of the authors’ knowledge, no 
previous research analyzed the relationship between 
serve speed and shoulder pain in elite tennis players. 

Thus, the aim of the present study was to examine 
bilateral passive shoulder rotation ROM, isomet-
ric rotation strength, the ER/IR isometric strength 
ratio and unilateral serve speed in elite tennis play-
ers with and without shoulder pain history (PH and 
NPH, respectively) and then compare these variables 
between dominant and non-dominant limbs and 
between PH and NPH groups. It was hypothesized 
that elite tennis players with PH would demonstrate 
reductions in IR ROM and TAM, and increases in 
ER ROM in the dominant shoulder. Moreover, play-
ers with PH would also show reduced isometric ER 
strength and lower ER/IR muscle strength ratios in 

INTRODUCTION
High-performance tennis is a stressful game for the 
body, as it requires multiple repetitions of large 
ranges of motion (ROM) and high forces during 
strokes and movements around the court.1 Because 
of the repetitive nature of tennis, the glenohumeral 
joint is often injured through overuse, especially in 
competitive elite tennis players. In this regard, the 
incidence of tennis injuries is approximately 21.5 
injuries per 1000 practice hours.2,3 Specifically shoul-
der complex injuries range between 25 and 47.7% of 
all injuries in the upper extremity for tennis play-
ers.1,2 Several anatomical and mechanical adapta-
tions are associated with an increased injury risk in 
the tennis player’s shoulder, including asymmetries 
in dominant shoulder rotational passive ROM4,5 and 
strength imbalance between the agonist/antagonist 
muscles of the glenohumeral joint (i.e., internal rota-
tor (IR) and external rotator (ER) muscles).4,6,7 Sev-
eral previous researchers have shown that shoulder 
ROM is modified as an adaptive response to tennis 
play,5,8,9 resulting in greater glenohumeral ER ROM, 
lower glenohumeral IR ROM and lower total arc of 
motion (TAM) of the dominant shoulder compared 
to the non-dominant shoulder.4-6,8-10 

A glenohumeral IR deficit (GIRD) of the dominant 
shoulder compared to the non-dominant shoulder 
is considered a major risk factor for glenohumeral 
joint injury in overhead athletes as it causes imbal-
ance in the soft tissues and could lead to shoulder 
instability11,12, resulting in subacromial impingement 
syndromes and labral tears.13 However, few studies 
have analyzed the relationship of asymmetries in 
shoulder rotation ROM and the shoulder pain his-
tory in tennis players, and these have shown differ-
ent results.4-6,10,14 For example, while several authors 
have reported no relationship between GIRD and 
pain in the dominant shoulder in players of differ-
ent levels (i.e., junior, amateur and professional),5,6,14 
the authors of two studies found significant relation-
ships in amateur4 and professional players.10 

In addition to shoulder ROM, strength of the shoulder 
rotator cuff muscles seems to be essential in order 
to dynamically stabilize the joint.15 In overhead ath-
letes15 and healthy tennis players,6,7,16-18 shoulder mus-
cle imbalance and side to side differences between 
shoulders often occurs as the result of an adaptation 
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players were divided into two groups: a) NPH group, 
which included 38 individuals who had not experi-
enced shoulder pain; b) PH group, which included 
20 tennis players who had experienced shoulder 
pain that had prevented them from training and/or 
competing in the 12 months prior to the study (mean 
time from injury to testing 4.49 ± 2.06 months) and 
had no pain history in the two months prior to the 
study. Five male players were excluded from the 
study because they reported shoulder pain during 
the recording session. Groups were compared with 
an independent measures t-tests, and there were no 
significant differences for age, height, mass, years of 
tennis practice, or hours of training per day (Table 1).

Procedure
All data collections were performed during the pre-
season months of October-December of 2013. Test-
ing was performed during the athlete’s off-season 
with at least one day of rest from playing tennis. 
Tests included three glenohumeral measurements 
for each IR and ER passive ROM and IR and ER iso-
metric muscle strength test. Moreover, the serve 
speed during 10 maximum serves was also recorded. 
All assessments were conducted by the same two 
researchers: a first examiner conducted all tests 
(>15 years’ experience), and a second one (8 years’ 
experience) ensured proper participant position-
ing throughout the assessments. A week before 
the testing session, players performed a familiar-
ization session to reduce the influence of learning 
on the measurements. Prior to testing all partici-
pants performed a five min warm-up, including 
forward/backward movements, sidestepping, and 
general mobilization (i.e., arm circles, leg kicks), 
followed by standardized dynamic stretching exer-
cises (i.e., three sets of ballistic exercises with a 15 
s rest period between each set and 15 repetitions 

the dominant shoulder compared to non-dominant 
limb and between the dominant limb of the NPH 
group. This information could identify possible 
deficits of the ROM, muscular strength imbalances 
and side to side differences between shoulders in 
the PH group and may help conditioning coaches 
and clinicians to design specific injury prevention 
interventions.

METHODS

Participants
A total of 58 male elite tennis players recruited from 
10 different high-performance Spanish academies 
volunteered to participate in the study (Table 1). 
All the players participated in ~17 h of combined 
training (i.e., on and off-court) per week. Fifty-seven 
(98.2%) players were right-handed and one (1.7%) 
was left-handed. Furthermore, fifty-five (94.8%) 
players used a two-handed backhand for stroke.

The inclusion criteria were: subjects had to be 
healthy and actively competing at the time of the 
study, have no recent shoulder injury or surgery 
and not have taken any type of medication for the 
treatment of pain or musculoskeletal injuries at the 
time of the study. Furthermore, all players with PH 
had to be diagnosed by a specialist using ultrasound 
or magnetic resonance imaging. Exclusion criteria 
included players with pain and a positive Hawkins or 
Jobe´s test.30 Written informed consent was obtained 
from each participant prior to testing. The experi-
mental procedures used in this study were in accor-
dance with the Declaration of Helsinki and were 
approved by the Ethic Committee of the University.

Based on the Consensus statement on epidemiologi-
cal studies of medical conditions in tennis defined 
by Pluim et al and Fuller et al in soccer, the tennis 

All tennis 
players (N = 58) 

NPH  
(N = 38) 

PH
(N = 20) t p 

Age (years) 20.7 ± 4.9 20.9 ± 5.3 20.2 ± 4.3 0.469 0.641 
Mass (kg) 73.2 ± 8.8 73.2 ± 9.2 73.1 ± 8.1 0.043 0.966 
Height (cm) 181.3 ± 6.5 180.5 ± 7.0 182.9 ± 5.2 -1.397 0.168 
BMI (kg/m2) 22.2 ± 1.7 22.4 ± 1.6 21.8 ± 2.0 1.182 0.242 
Tennis experience (years) 12.8 ± 5.7 13.4 ± 5.9 11.6 ± 5.3 1.138 0.260 
Training volume (h/week) 17.0 ± 3.0 16.8 ± 2.9 17.4 ± 3.2 -0.767 0.447 
Independent measures t-test with between-subject factor with 2 levels (without history of 
shoulder pain (NPH) and with shoulder pain (PH)). 

Table 1. Descriptive characteristics (mean ± standard deviation) of the tennis 
players organized by group.
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in supine on a bench with the shoulder abducted 
90 degrees (º) and elbow flexed to 90º. The incli-
nometer was placed approximately in the mid-point 
of the distal end of the forearm (for the IR and ER 
ROMs). The forearm was placed and remained in 
a pronated position for the duration of the testing. 
From this starting position, a researcher held the 
participant’s proximal shoulder region (i.e. clavicle 
and scapula) against the bench to stabilize the scap-
ula while rotating the humerus in the glenohumeral 
joint to produce maximum passive IR and ER. The 
end of IR and ER was defined as the point at which 
the scapula was felt to move following the method-
ology described by Clarsen et al.22 Three maximal 
trials of each IR and ER ROM test for each limb were 
recorded and the mean score for each test was used 
in the subsequent analyses. 

Shoulder strength test
Measurements of shoulder ER and IR strength were 
obtained with a hand-held dynamometer (HHD) 
(Nicholas Manual muscle test, Co, Lafayette IN; 
range 0–500 N, sensitivity 0.2 N) in a supine posi-
tion on the bench with the arm in 90° of abduction 
and 0° of rotation, in the scapular plane18 (Fig. 2a 
and 2b). The elbow was flexed in 90° and the exam-
iner stabilized the humerus by pressing it down 
toward the bench. The testing angle was checked by 
visual inspection. For ER strength, the player exter-
nally rotated the shoulder against the HHD, while 
the HHD was located proximal to the ulnar styloid 
process (Fig. 2a). For IR strength, the player inter-
nally rotated the shoulder, against the HHD, while 

of flexion/extension, abduction/adduction and 
rotation dynamic stretching exercises.33 All mea-
surements were performed in a randomized and 
counterbalanced order for both, dominant and non-
dominant shoulder. Shoulder measurements and 
serve speed were performed in the morning prior to 
training. Before the warm-up and stretching, play-
ers fulfilled a questionnaire regarding medical his-
tory. Finally, participants performed the rotational 
ROM test, followed by the serve speed and shoulder 
strength tests.

Measurements

Questionnaire
Participant’s characteristics such as age, upper and 
lower limb dominant side, years of tennis practice, 
training volume (i.e., hours per week), and character-
istics of the injuries reported were documented. The 
questionnaire also included a visual analogue scale 
(VAS) for pain evaluation. In the present study, shoul-
der pain was defined according to Pluim et al,2 and 
Fuller el al.32 Specifically, any injury case included in 
the data analysis was operationally defined as “a physi-
cal complaint or manifestation sustained by a player that 
results from a tennis match or tennis training and led to 
an absence of the next training session or match”.31,32

Shoulder ROM test
Passive shoulder IR and ER ROM (Fig. 1a, 1b, respec-
tively) were measured with a manual inclinometer 
(ISOMED inclinometer, Portland, Oregon) of the 
dominant and non-dominant limbs, with the player 

Figure 1. Assessment of the shoulder rotation range of motion:  A) testing for glenohumeral internal rotation position; B) testing 
for glenohumeral external rotation position.
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of them. To be accepted, serves had to fall into the 
service box. The highest speed recorded was used 
for further analyses.

Statistical analysis
Descriptive statistics (means and standard devia-
tions) for each of the variables of shoulder flexibility, 
shoulder strength and serve speed were calculated. 
Normality of the data distribution was verified using 
the Kolmogorov-Smirnov test. 

Two-way mixed-design ANOVAs were performed to 
explore the differences in the dependent variables. 
A within-subject factor (side: dominant and non-
dominant) and a between-subject factor (pain group: 
NPH and PH) and their interactions were included 
in the model. A Levene’s test for equality of vari-
ances was used to assess homogeneity of variances, 
and showed no differences in any of the measured 
variables. Effect sizes for ANOVAs are reported as 
partial omega squared calculated according to Lak-
ens and interpreted as small, medium, and large, 
corresponding to values of 0.010, 0.059, and 0.138 
respectively.35

As a post-hoc comparison, a related measures t-test 
was conducted to identify differences in the shoul-
der’s ROM and strength between dominant and non-
dominant limbs. An independent measures t-test 
was conducted to compare between groups.

To determine the magnitude of differences between 
the groups or limbs for each variable, effect sizes 

the HHD was located proximal to the radius styloid 
process (Fig. 2b). According to Saccol et al,15 the 
dynamometer was maintained fixed to a structure 
with wall support in order to avoid any interference 
in the stabilization. The isometric strength test con-
sisted of three ER and IR repetitions of a 5 s maximal 
effort, with 30 s rest between each trial. The peak 
of each repetition was considered. The mean of the 
three repetitions was calculated and normalized 
with respect to each subject’s body mass and was 
used to assess ER, IR strength and ER/IR strength 
ratios. The HHD was calibrated according to the 
manufacturer’s specifications prior to each test.

Serve speed
Speed reached in the serve tests were used as an 
ecological proxy for upper extremity power. The 
serve speed was measured by a radar gun (model 
SR3600, Homosassa, FL, USA; range 80 to 232 km/h, 
sensitivity ± 0.44 m/s). The radar gun was set on 
“Peak mode” to detect maximal ball speed. Before 
each experimental session, the radar gun was cali-
brated in accordance with the manufacturer’s spec-
ifications. The radar was positioned on the center 
of the baseline, 4 m behind the server, aligned with 
the approximate height of ball contact (~ 2.2 m) 
and pointing down the center of the court. After a 
brief warm-up for the joints involved in the service 
motion (i.e., dynamic movements in the shoulder, 
plus five slow services), each player served 10 serves 
to the advantage court with a 30 s rest between each 

Figure 2. Assessment of the isometric shoulder rotation strength: A) testing for shoulder maximal isometric external rotation 
strength; B) testing for shoulder maximal isometric internal rotation strength.
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respectively, p < 0.01), and of TAM (.49 [-0.04, 1.01], 
p < 0.05 and .45 [0.09, 0.80], p < 0.01, respectively), 
but higher ER ROM (-0.77 [-1.34, -0.19], p < 0.05 and 
-0.97 [-1.39, -0.56], p < 0.01, respectively) on the 
dominant side (Fig. 3a). 

Furthermore, PH and NPH players showed lower 
ER/IR isometric strength ratios (1.16 [0.48, 1.85], p 
< 0.01 and .38 [0.02, 0.73], p < 0.05, respectively) 
and higher IR isometric strength (-0.58 [-1.12, -0.04] 
and -.75 [-1.14, -0.36] respectively, p < 0.01) in the 
dominant side compared with the non-dominant 
side (Fig. 3b). The NPH group also had significantly 
higher ER isometric strength in the dominant side 
compared with the non-dominant side (-0.59 [-0.96, 
-0.21], p < 0.01). 

and their 95% confidence intervals were calculated 
using standardized mean difference corrected as 
Hedges’ gs.

34 The following interpretation of gs was 
used: 0.4 or less small; between 0.4 and 0.7 moder-
ate; greater than 0.7 large.35

 All analyses were performed using the SPSS pack-
age (version 18, SPSS Inc., Chicago, IL, USA) and a 
custom-made Excel sheet was used to calculate the 
effect sizes. The level of significance chosen was p 
< 0.05. In addition, a comparison was considered 
statistically significant when the effect size confi-
dence interval did not cross the zero value.

RESULTS
Characteristics of the participants are outlined in 
Table 1. Thirty-eight players (65.5%) did not suf-
fer shoulder injuries during the previous season, 
and the remaining (34.4%) sustained 20 tendinopa-
thies (3 biceps brachii and 17 supraspinatus), and all 
began with an overuse onset. In terms of severity, 
one was a mild injury (lasting 4–7 days), 10 were 
moderate injuries (8–28 days) and 9 were severe 
injuries (> 28 days). Specifically, 16 of the injuries 
(80%) occurred during match play and 4 (20%) dur-
ing practice. There were no significant differences 
between groups with regard to descriptive charac-
teristics, years of tennis practice, or hours of training 
per day (Table 1).

Table 2 displays the results of the ROM, isometric 
strength and serve speed measurements, including 
the within-subject comparisons (i.e. between domi-
nant and non-dominant shoulders), and the between 
subject comparisons (i.e. dominant shoulder of each 
group). The two-way mixed-design ANOVA showed 
an interaction effect between the factors side*pain 
in the ER isometric strength (F(1, 54) =12.520, 
p=0.001, ωp

2 = 0.171) and in the ER/IR isomet-
ric strength ratio (F(1, 54) =5.424, p=0.024, ωp

2 = 
0.073). There is also a main effect in the between-
subjects factor in ER isometric strength (F(1, 54) 
= 4.361, p=0.042, ωp

2 = 0.057) and in the strength 
ratio (F(1, 54) = 11.368, p=0.001, ωp

2 = 0.156). The 
within-subjects factor shows a main effect in all the 
variables (p < 0.001, 0.179 < ωp

2 < 0.715).

In the within-subject comparison, the PH and NPH 
groups presented significantly lower values of IR 
ROM (effect size 1.16 [0.50, 1.82] and 1.55 [1.04, 2.06] 

Figure 3. Range of motion (a) and strength (b) in the injured 
(dominant or D) and non-injured (non dominant or ND) 
limbs in both pain history (PH) and no pain history (NPH) 
groups (brackets denote p < 0.05 and effect size confi dence 
interval out of zero).
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Variables NPH (N = 38) PH (N = 20) ES [95% CI]
Total arc of motion (º)

Dominant 150.3 ± 14.9 143.1 ± 15.1 0.47 [-.09, 1.03]
Non-dominant 157.1 ± 12.0 150.8 ± 11.2 0.53 [-.03, 1.10]

]94.,26.-[70.0-2.21±7.71.21±8.6ffiD

Within-subject comparison 
p, ES [95% CI]

.001,
0.45 [.09, .80] *

.011,
0.49 [-.04, 1.01]

Internal rotation ROM (º)
]19.,12.-[53.00.21±7.847.9±5.25tnanimoD

Non-dominant 67.8 ± 7.9 63.2 ± 9.7 0.53 [-.03, 1.09]
]56.,64.-[01.08.8±5.412.9±3.51ffiD

Within-subject comparison 
p, ES [95% CI]

.000,
1.55 [1.04, 2.06] *

.000,
1.16 [.50, 1.82] *

External rotation ROM (º)
]59.,61.-[04.05.8±4.495.8±8.79tnanimoD

Non-dominant 89.3 ± 8.3 87.6 ± 9.5 0.20 [-.36, .75]
.9±8.6-4.7±5.8-ffiD 5 -0.21 [-.76, .35]

Within-subject comparison 
p, ES [95% CI]

.000,
-0.97 [-1.39, -.56] *

.005,
-0.77 [-1.34, -.19] * 

Relative internal rotation strength (N/kg)
]75.,45.-[20.004.0±05.183.0±15.1tnanimoD

Non-dominant 1.22 ± 0.34 1.26 ± 0.28 -0.14 [-.70, .42]

Within-subject comparison 
p, ES [95% CI]

.000,
-0.75 [-1.14, -.36] *

.001,
-0.58 [-1.12, -.04] * 

Relative external rotation strength (N/kg)
71.0±10.192.0±71.1tnanimoD 0.62 [.05, 1.19] †

Non-dominant 1.00 ± 0.29 1.01 ± 0.17 -0.05 [-.61, .50]

Within-subject comparison 
p, ES [95% CI]

.000,
-0.59 [-.96, -.21] *

.999,
0.00 [-.49, .50]

External rotation/Internal rotation 
strength ratio

]35.1,43.[49.011.0±86.021.0±97.0tnanimoD
Non-dominant 0.83 ± 0.13 0.81 ± 0.11 0.13 [-.43, .68]

Within-subject comparison 
p, ES [95% CI]

.037,
0.38 [.02, .73] *

.001,
1.16 [.48, 1.85] *

Serve speed (km/h) 
]52.,68.-[03.0-

p

.089

.055
708.

402.
.056

827.

151.
.476
.454

359.
.610

820.
.848

100.
.643

372.4.21±6.1717.11±9.761tnanimoD

ES = Effect size [95% confidence limits]; Diff = difference between shoulders (non-dominant – dominant). 
* and † Statistically significant within-subject and between groups difference respectively (p < 0.05 and effect size
confidence interval out of zero). 

Table 2. Average ± standard deviation of the different glenohumeral rotation ROM (º), isometric strength relative to 
body mass (N/kg) and serve speed (km/h) comparing between subjects with no pain history (NPH) and with pain 
history (PH), and within-subject dominant and non-dominant sides in both groups.
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differences among protocols10 or participant’s char-
acteristics, as in the present study the PH group was 
“healthy” at the time of the study, while the group 
analyzed in the study of Marcondes et al4 presented 
with shoulder pain at the time of the study. It is 
therefore logical to speculate that the presence of 
pain could alter the results of rotation ROM mea-
sures. Another possible explanation for these dis-
crepancies can be related to the age differences in 
the participants, with previous studies analyzing 
players ranging between 19 and 33 years old (i.e., 
26.2 ± 3.9 years), while in the present study players 
averaged 20.7 ± 4.9 years. In this regard, previous 
research analyzed IR ROM differences in the shoul-
ders of players with different ages, highlighting a pro-
gressive decrease as age increases.5,9,18 In addition, in 
the present study, non-dominant shoulder in the PH 
group showed less glenohumeral IR (63.2º) and TAM 
(150.8º) than the NPH group (IR = 67.8º; TAM = 
157.1º), although the differences did not reach sta-
tistically significant. These findings partially agree 
with the results reported by Moreno-Pérez et al in 
professional tennis players, which showed signifi-
cantly less glenohumeral IR (in both shoulders) and 
TAM (in the non-dominant shoulder) than the NPH 
group. Perhaps, the small discrepancy might be due 
to participant age differences in the PH group; the 
current study had an average age in PH group of 20.2 
± 4.3 years, while in that of Moreno-Pérez et al it 
was 25.6 ± 3.0 years. Furthermore, in the study by 
Moreno-Pérez et al the years of tennis experience in 
the PH group (17.6 ± 6.0) were very different from 
the experience in the present sample (11.6 ± 5.3), 
which could affect results between groups.

Concerning the shoulder rotator muscle strength, 
previous studies conducted with tennis players,4,19 
and other overhead athletes20-22 have demonstrated 
similar significant results regarding higher IR isomet-
ric strength and decreased ER/IR isometric strength 
ratio in the dominant shoulder compared with the 
non-dominant side in uninjured and injured athletes. 
Increases in IR strength are likely due to the high 
demands imposed on these muscles during tennis 
strokes, especially the forehand and the serve, which 
can account for approximately 80% of the total num-
ber of strokes during a match.37 In addition, the repet-
itive high demands on IR strength in the dominant 
side during tennis strokes may increase the tensile 

The magnitude of side to side between groups com-
parison showed significant differences between 
the PH and NPH groups. Especially the PH group 
showed significantly lower ER and ER/IR isometric 
strength ratio in the injured side (dominant) com-
pared with the dominant side in NPH players (0.62 
[0.05, 1.19], p < 0.05 and 0.94 [0.34, 1.53], p < 0.01, 
respectively). In contrast, the comparison of serve 
speed showed no differences between groups (-0.30 
[-.86, 0.25], p > 0.05).

DISCUSSION
Several authors have suggested that competitive ten-
nis leads to alterations in IR ROM and shoulder rota-
tion muscle strength imbalances (i.e., ER/IR ratio 
modifications), which may be a contributing fac-
tor to shoulder injuries.7-9 However, the association 
between shoulder injury and decreased rotational 
ROM, as well as strength imbalance and performance 
(i.e., serve speed) has not been widely analyzed pre-
viously in elite tennis players. Results obtained in 
the present study reported significant side to side 
differences in shoulder rotation ROM and isometric 
strength in elite tennis players with PH and NPH. 
Despite both groups showing important adaptations 
in the dominant shoulder, isometric ER strength and 
ER/IR strength ratio were significantly lower in the 
dominant shoulder in the PH players when com-
pared with the NPH players.

The current results showed reductions in IR ROM 
and TAM, and increases in ER ROM in the domi-
nant shoulder compared to the non-dominant side, 
which are in line with previous results obtained both 
in uninjured tennis players4-6,8,14 and in injured ten-
nis players.4,5 These asymmetric rotational ROM 
have been considered specific adaptations in tennis 
players caused by the high repetitive loading forces 
generated by strokes, mainly the serve and ground-
strokes.36 Also, the findings of the current study are 
in line with those of previous researchers who did 
not observe significant differences between the NPH 
and PH groups for the side-to-side asymmetries in 
glenohumeral rotation ROMs in players with differ-
ent levels (i.e., professional,5 amateur6 and junior14). 
However, these results differ from two previous stud-
ies4,10 reporting significant differences between PH 
and NPH players in the side to side IR. The lack of 
agreement between studies could be related to the 



The International Journal of Sports Physical Therapy | Volume 13, Number 1 | February 2018 | Page 47

Regarding serve speed, the results showed no differ-
ences between groups. In the serve’s kinetic chain, 
shoulder IR is the joint movement with the highest 
speed before ball impact.39 Present data showed no 
between group differences in IR strength, so it is not 
surprising that the serve speed remained similar. 
On the contrary, as stated before, the reduced ER 
strength presented in the PH group should increase 
injury risk when decelerating shoulder rotation in 
the follow-through phase, emphasizing the neces-
sity of shoulder strengthening (i.e., ER focused) pro-
grams performed by the players. 

Based on the present results, players who have 
suffered shoulder pain within the year prior to 
the study may continue to have a strength deficit 
after the injury has abated. Therefore, preventative 
strengthening of the shoulder ER muscles would 
be recommended and should be an integral part of 
a tennis player’s conditioning and injury preven-
tion program with the aim of avoiding future recur-
rences. However, future studies should determine if 
such a strengthening program does, indeed, result in 
reduced shoulder re-injury.

While the results of this study have provided infor-
mation regarding the relationship between passive 
shoulder ROM, isometric strength and serve speed in 
elite tennis players with and without shoulder pain 
history, limitations to the study must be acknowl-
edged. The evaluation of players was performed 
cross-sectionally. While it would be beneficial to 
analyze elite tournament players in a longitudinal 
study, it is logistically difficult due to their geo-
graphic mobility and uncertain future career paths. 
Similarly, a post-injury cross-sectional study informs 
us about the condition of athletes deemed recovered 
from a shoulder injury, which is valuable informa-
tion as to their physical condition after they return 
to play. However, the post-injury rehabilitation pro-
grams undergone by the players with shoulder pain 
were neither controlled or investigated, and may 
have modified the outcomes of this study.

CONCLUSION
The results of the present study revealed signifi-
cantly lower isometric ER strength and reduced ER/
IR muscle strength ratios in the dominant shoulder 
in elite tennis players with a history of shoulder 

stress on the posterior rotator cuff and scapular sta-
bilizers, and could develop a strength imbalance 
between the ER and IR over time. 

Interestingly, the PH group had reduced dominant 
ER strength and ER/IR isometric muscle strength 
ratio in the injured side compared with the dominant 
side in NPH players. These results support previ-
ous studies conducted in a population of baseball20,21 
and handball22 players with shoulder injuries, whose 
authors reported a relationship between ER weakness 
and decreased ER/IR muscle strength ratio (mea-
sured with HHD). This suggests that a weakness in 
ER strength is associated with imbalance between the 
propulsive IR during throwing or serving and the ER 
muscles responsible for deceleration and stabilization 
of the shoulder during these sports actions. Therefore, 
poor ER strength may increase the risk of shoulder 
injury, and strength training, which aims to enhance 
strength of the ER muscles, and may contribute to 
reducing the risk of a future shoulder injury.

Several authors that have studied overhead sports 
believe that increasing IR strength of the dominant 
shoulder without simultaneously increasing ER 
strength would produce an imbalance that could pos-
sibly lead to higher injury risk.22,38 However, very few 
studies have specifically analyzed the relationship 
between shoulder injuries and strength ratio with 
HHD in tennis players.4 The present results were 
similar to those of Marcondes et al. who found that 
ER/IR strength ratio was a mean of 0.82 in the domi-
nant shoulder in uninjured players and of 0.74 in the 
injured group. However, in the present study, a mean 
of 0.68 and 0.79 rotational strength ratio in the domi-
nant side in the injured and uninjured players was 
found, respectively. The lower difference between 
studies could be due to differences in the demands 
of training and competition (intensity, duration, fre-
quency, etc.) because while the sample of Marcondes 
et al played between 8 and 12 hours per week (training 
or playing), the players analyzed in the current study 
played an average of 17 hours per week. Probably the 
higher IR strength obtained in data in both shoulders 
would explain a greater imbalance between the ER/
IR muscle strength ratio. Future research involving 
tennis players needs to be carried out to elucidate the 
effects of different training and competition demands 
on the strength and the risk of shoulder pain.
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professional tennis players. J Sci Med Sport. 
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Glenohumeral range of motion defi cits and posterior 
shoulder tightness in throwers with pathologic 
internal impingement. Am J Sports Med. 
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glenohumeral internal rotation defi cit and total 
rotational motion to shoulder injuries in professional 
baseball pitchers. Am J Sports Med. 2011:39(2):329-
335.

 13. Gerber C, Werner CM, Macy JC, et al. Effect of 
selective capsulorrhaphy on the passive range of 
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Am. 2003:85-A(1):48-55.
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glenohumeral internal rotation defi cit and 
symmetric rotational strength in male and female 
young beach volleyball players. J Electromyogr 
Kinesiol. 2016:29:121-125.

 16. Ellenbecker T, Roetert EP. Age specifi c isokinetic 
glenohumeral internal and external rotation strength 
in elite junior tennis players. J Sci Med Sport. 
2003:6(1):63-70.

 17. Cools AM, Johansson FR, Cambier DC, et al. 
Descriptive profi le of scapulothoracic position, 
strength and fl exibility variables in adolescent elite 
tennis players. Br J Sports Med. 2010:44(9):678-684.

 18. Cools AM, Palmans T, Johansson FR. Age-related, 
sportspecifi c adaptions of the shoulder girdle in elite 
adolescent tennis players. J Athl Train. 2014:49:647–
653.

 19. Cools AM, Vanderstukken F, Vereecken F, et al. 
Eccentric and isometric shoulder rotator cuff 
strength testing using a hand-held dynamometer: 
reference values for overhead athletes. Knee Surg 
Sports Traumatol Arthrosc 2016:24(12):3838-3847.

20. Trakis JE, McHugh MP, Caracciolo PA, et al. Muscle 
strength and range of motion in adolescent pitchers 
with throwing-related pain: implications for injury 
prevention. Am J Sports Med. 2008:36:2173–2178.

 21. Byram IR, Bushnell BD, Dugger K, et al. Preseason 
shoulder strength measurements in professional 
baseball pitchers: identifying players at risk for 
injury. Am J Sports Med. 2010:38(7):1375–1382.

 22. Clarsen B, Bahr R, Andersson SH, et al. Reduced 
glenohumeral rotation, external rotation weakness 
and scapular dyskinesis are risk factors for shoulder 
injuries among elite male handball players: a 

pain when compared with NPH players. Further-
more, regarding the side to side asymmetries, the 
dominant shoulder in both groups reported adapta-
tions of shoulder ROM, with reduction of the IR and 
TAM, and an increase in the ER ROM when com-
pared with the non-dominant side. Additionally, the 
dominant limb showed higher IR isometric strength 
and decreased ER/IR isometric muscle strength 
ratio in the PH and NPH group. Understanding the 
tennis-specific adaptations of the shoulder complex 
could help tennis players, coaches, athletic trainers, 
and clinicians to design and utilize optimal exercise 
protocols, both preventatively and post-injury for 
players who had suffered shoulder pain within the 
previous year.
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ABSTRACT
Background: The forward head rounded shoulder (FHRS) sitting posture has been associated with decreased shoulder complex 
muscle strength and function. Upon clinical observation, the adverse effects of the FHRS sitting posture on shoulder complex iso-
metric muscle strength is also present when testing controls for scapular position. 

Hypothesis/Purpose: The purpose of the study was to assess the effect of various sitting postures on shoulder external rotator 
muscle isometric strength when the strength testing controls for scapular position.

Study Design: A cohort study, with subjects serving as their own controls.

Methods: One hundred subjects ages 20-26 participated in the study. Each subject was placed in a neutral cervical sitting (NCS) 
posture which was maintained for five minutes after which the strength of the dominant shoulder external rotators was immedi-
ately tested with the glenohumeral joint in the neutral position using a Micro-FET3 Hand Held Muscle Testing Dynamometer 
(HHMTD). Each subject was returned to the NCS posture for subsequent external rotator strength testing after five minutes in a 
FHRS sitting posture, five additional minutes in the NCS posture and five minutes in a retracted cervical sitting (RCS) posture 
resulting in each subjects’ external rotator strength being tested on four occasions. Subjects were randomized for order between 
the FHRS and RCS postures. 

Results: Mean strength values for each condition were normalized to the mean strength value for the 1st NCS condition for each 
subject. A statistically significant decline in shoulder external rotator strength following the FHRS sitting posture occurred com-
pared to the appropriate postural conditions (p<.05). A frequency analysis revealed that 36% of the subjects demonstrated greater 
than 10% decline in external rotator strength following five minutes in the FHRS sitting posture. The average percentage of 
strength decline in those with greater than a 10% reduction in external rotator strength was 19%. Sixty-four percent of the subjects 
experienced less than a 10% decline in shoulder external rotator strength in response to the FHRS sitting posture. 

Conclusion: Shoulder external rotator strength declined 8% following five minutes in the FHRS sitting posture. A sub-population 
of 36% demonstrated an average decline of 19% in shoulder external rotator strength following five minutes in the FHRS sitting 
posture. The strength decline appears to resolve over the short-term by returning to the NCS posture. 

Level of Evidence: Level III

Key Words: Sitting posture, shoulder external rotator strength
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INTRODUCTION 
The forward head, rounded shoulder (FHRS) pos-
ture is routinely assumed by many individuals in 
modern society.1,2 The FHRS posture is seen in the 
standing position but appears to be accentuated in 
relaxed sitting. Subsequently, the FHRS sitting pos-
ture is commonly assumed when driving, using a 
computer or hand held device, reading and viewing 
television to name only a few routine daily activi-
ties. The upper extremity consequences of the FHRS 
posture have been described as decreased shoulder 
complex range of motion, decreased shoulder mus-
cle strength, and a reduction in subacromial space, 
each of which may contribute to shoulder dysfunc-
tion and possibly pain.3-7 

Previous authors who have examined the influence 
of the FHRS posture on muscle isometric strength 
have focused on the position of the scapula and the 
resultant influence on shoulder muscle force produc-
tion.4-6,8 Kebaesta et al4 reported a 16.2 % reduction in 
shoulder abductor muscle force produced in the sit-
ting FHRS posture compared to the shoulder abduc-
tor force produced in a neutral sitting posture. In the 
Kebaesta study, isometric shoulder abduction was 
tested in the plane of the scapula at the horizontal 
position. Smith et al5 reported an increase in isomet-
ric muscle force production of the shoulder flexors 
when tested with the shoulder at 90 degrees with the 
scapula maintained in a neutral position. This was 
compared to the isometric shoulder flexor muscle 
force produced when subjects were tested in both 
scapular protracted and retracted positions. In a sub-
sequent study, Smith et al6 reported a reduction in 
isometric force production of the shoulder external 
rotators when tested with the scapula protracted, the 
shoulder flexed to 90 degrees and externally rotated 
to 90 degrees. The magnitude of the decrease was 
20% when compared to the isometric force produced 
during the neutral scapular position.6 The cited stud-
ies suggest that scapular positions can influence 
shoulder muscle isometric force production.

The authors’ clinical observations have also noted 
changes in shoulder external rotator muscle strength 
in apparent response to the maintenance of vari-
ous sitting postures. The FHRS posture has been 
observed to result in a reduction in shoulder exter-
nal rotator muscle strength while the erect neutral 

cervical sitting posture has been noted to favorably 
influence external rotator muscle strength. 

Pheasant, in two prior case reports, described an 
immediate improvement in rotator cuff strength 
and reduction in signs and symptoms of subacro-
mial impingement in response to cervical retraction 
and retraction with extension ROM exercises com-
bined with neutral cervical posturing. The reported 
responses to the stated interventions also included 
an abolishment of the presenting painful arc of active 
shoulder abduction and negative Hawkins-Kennedy 
and Jobe empty can testing.9 The author attributed 
the improved rotator cuff function to the changes 
in cervical position promoted by the cervical ROM 
exercises and neutral cervical posture positioning. 
The relationship reported by Pheasant among cervi-
cal retraction exercise, cervical retraction with exten-
sion exercise, neutral cervical posturing and the 
finding of improved rotator cuff strength prompted 
the authors to attempt to substantiate the observa-
tion through a systematic investigation. Specifically, 
the authors were interested in the influence the sus-
tained position of the cervical spine had on the iso-
metric strength of the shoulder external rotators. 

The studies by Kebaesta et al4 and Smith et al5,6 

focused on the influence the protracted scapula 
(rounded shoulder) that accompanies the FHRS pos-
ture, had on shoulder muscle force production. The 
current study, based on the case report by Pheasant, 
focused on the protruded position of the cervical 
spine (forward head) and the resulting influence on 
shoulder external rotator muscle strength. The influ-
ence of sitting cervical posture on shoulder muscle 
strength has not been reported in the literature to 
the best of the authors’ knowledge. Therefore, the 
purpose of the study was to assess the effect of vari-
ous sitting postures on shoulder external rotator 
muscle isometric strength when the strength testing 
controls for scapular position. The hypothesis is the 
FHRS sitting posture will have an adverse effect on 
shoulder external rotator muscle strength when the 
strength testing controls for scapular position.

METHODS
The design was a cohort study with the subjects 
serving as their own controls. Participants included 
a convenience sample of 100 healthy volunteers 
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(39 males, 61 females) between 20 and 26 years of 
age from a university setting (Table 1). Individuals 
were excluded from participation for the following 
reasons: a prior history of spinal surgery; a history 
of neck or back pain with radiating symptoms into 
the arms or legs; current spinal pain; a history of 
dominant shoulder surgery or a history of dominant 
shoulder injury within the prior year.

The isometric external rotator strength of the domi-
nant shoulder of each subject was tested following 
five minutes of sustained positioning under each of 
the following four conditions: 1.) neutral cervical sit-
ting (NCS) posture, 2.) forward head rounded shoul-
der (FHRS) sitting posture, 3.) second neutral cervical 
sitting (NCS) posture and 4.) retracted cervical sitting 
(RCS) posture. The FHRS sitting posture and RCS pos-
ture were alternated for order with each successive 
subject to minimize learning and/or fatigue effects. 
For example; the first subject was positioned in the 
NCS posture for five minutes and then immediately 
tested, the FHRS sitting posture for five minutes and 
immediately tested, the NCS posture for an addi-
tional five minutes and immediately tested, and then 
finally the RCS posture for five minutes and immedi-
ately tested. The order of postures and testing for the 
second subject was NCS, RCS, NCS and FHRS. This 
alternating pattern of assignment was maintained 
throughout the testing of the 100 subjects. 

The five-minute period of posture maintenance was 
determined to coincide with the time frame the 
authors’ have observed strength changes to occur 
in response to various sitting postures in the clinic. 
Since the time frame for strength changes to occur 
in response to changes in sitting posture has not 
been formally objectified, five minutes was deemed 
a reasonable time frame to allow comparison of the 
four conditions listed above. 

The NCS posture was defined by the vertical align-
ment of the tragus of the ear, bodies of the cervical 
vertebrae, acromion of the scapula, coronal mid-line 
of the thorax with the maintenance of the lumbar 

lordosis.10  Due to the frontal plane posture alignment, 
the scapulae were drawn into a retracted/adducted 
position. The FHRS sitting posture was defined as 
a position of relaxed, unsupported, slumped sit-
ting. This was characterized by a protruded cervical 
spine, protracted/abducted scapulae and thoraco-
lumbar flexion. Each subject was cued to maintain 
the head and eyes level in the transverse plane by 
focusing his or her gaze on a mark on the wall. The 
RCS posture was defined as an accentuation of the 
NCS posture to the extent each subject’s maximal 
cervical retraction range of motion permitted. The 
scapular position for the RCS was unchanged from 
the NCS posture. (Figure 1) In each of the postures, 
the subjects were seated unsupported on a table 
with feet positioned on a stool for stability. 

An investigator was charged with visually monitoring 
each subjects’ sitting posture under each condition to 
assure the criteria of the condition was maintained 
throughout each five-minute period. Verbal and tac-
tile cues were provided to each subject as needed 
throughout the test period to maintain the designated 
posture. All subjects were successful in maintaining 
each posture for the required five minutes. However, 
most subjects found the RCS posture more challeng-
ing and few required cuing to maintain the posture. 
The RCS posture was likely more challenging due to 
the novelty of the posture and the maintenance of 
the end ranges inherent to the RCS posture.

Strength testing of the dominant shoulder external 
rotators was performed using a Micro-FET3 Hand 
Held Muscle Testing Dynamometer (HHMTD) 
(Hoggan Scientific Salt Lake City, UT). Cools et al11 
determined the protocol followed in the study to 
be reliable for testing the strength of the shoulder 
external rotators using the Micro-FET3. In addition, 
ICC values of 0.89-0.99 have been reported for intra-
session reliability for shoulder external rotation 
strength testing utilizing a HHMTD.12-15 Strength 
testing consisted of three five second “make” tests for 
shoulder external rotation. “Make” testing has been 
demonstrated to be a more reliable test of shoulder 
external rotator strength than a “break” test although 
less force is produced with the method.14,16-18 

Each subject was instructed to provide a maximal 
effort for five seconds while the tester maintained 

Table 1. Subject Profi le
Subject Profile Mean SD Maximum Minimum 
Age (years) 22.65  +1.18 26  20  
Height (inches) 66.75  +3.48 74  60  
Weight (pounds) 160.72  +38.29 295  110  
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the static position of the HHMTD. A 10 second rest 
period separated each of the three trials. The sub-
jects’ upper extremity position for strength testing 
was 0 degrees of glenohumeral joint abduction, 0 
degrees of glenohumeral joint external rotation and 
90 degrees of elbow flexion.  The HHMTD was held 
on the dorsum of the distal forearm 2 cm proximal 
to subjects’ radial styloid process. A warm-up of 15 
active IR/ER movements were performed from the 
testing position followed by three sub-maximal prac-
tice strength testing trials to familiarize the subjects 
to the testing protocol prior to the initial NCS con-
dition. All strength testing was performed with the 
subject in the NCS posture in order to standardize the 
testing position regardless of the preceding posture. 

Study approval was granted by the Misericordia Uni-
versity Institutional Review Board. Informed consent 
was obtained and the rights of the subjects protected.

RESULTS 
 External rotator mean strength values are provided for 
each of the postural conditions. (Table 2) Mean external 
rotator strength values for each postural condition were 

Figure 1. NCS (Neutral Cervical Sitting) Posture: Defi ned by the vertical alignment of the tragus of the ear, bodies of the 
cervical vertebrae, acromion of the scapula, coronal mid-line of the thorax with the maintenance of the lumbar lordosis.
FHRS (Forward Head Rounded Shoulder) Sitting Posture: Defi ned as a position of relaxed, unsupported, slumped sitting. A 
protruded cervical spine, protracted/abducted scapulae and thoracolumbar fl exion characterized the FHRS sitting posture.
RCS (Retracted Cervical Sitting) Posture: Defi ned as an accentuation of the NCS posture to the extent each subject’s maximal 
cervical retraction range of motion permitted.
All shoulder external rotator muscle strength testing was performed with the subject in the NCS posture.

Non-normalized 
External Rotator 
Strength (pounds) 

Mean  SD High  Low  

All Conditions  19.48  +5.03 37.7  8.7  
1st NCS 20.13 +5.09 37.7 11.2 
RCS 19.81 +5.14 37.3 11.4 
2nd NCS 19.42 +4.93 34.2 10.3 
FHRS 18.55 +4.84 32.6 8.7 
1

st 
NCS: Neutral Cervical Si�ng 

RCS: Retracted Cervical Si�ng 

2
nd

 NCS: Neutral Cervical Si�ng 

FHRS: Forward Head Rounded Shoulders 

Table 2. Non-normalized External Rotator 
Strength (pounds)

normalized for each subject to his or her initial NCS 
posture strength mean. (Table 3) (Figure 2) Strength 
values were normalized due to the wide variation in 
shoulder external rotator strength among subjects. The 
normalized external rotator strength mean values were 
calculated by obtaining the mean of the three trials for 
each subject and each condition and dividing by the 
mean of each subjects 1st NCS trials. ANOVA (Table 4) 
and paired sample testing (Table 5) demonstrated a sig-
nificant decline in shoulder external rotator strength 
following the FHRS posture compared to each of the 
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A frequency analysis revealed that 36% of the sub-
jects demonstrated greater than 10% decline in 
shoulder external rotator strength following 5 min-
utes in the FHRS posture. The 10% decline was sub-
jectively determined by the researchers to attempt 
to identify the presence of a sub-population of sub-
jects experiencing a larger magnitude of strength 
decline consistent with the authors’ clinical obser-
vations. The average percentage strength deficit of 
those with greater than 10% decline was 19%. 

DISCUSSION 
The FHRS sitting posture is characterized by scap-
ular protraction, lower cervical flexion and upper 
cervical extension.19 Previous studies have focused 
on the influence of scapular position on shoul-
der muscle strength.4-6 Smith et al6 reported a 20% 
decline in external rotator strength when tested 
with the scapula protracted and the shoulder flexed 
to 90 degrees and externally rotated to 90 degrees 
compared to strength testing with the scapula in the 
neutral position. Smith et al.6 speculated the decline 
in external rotator strength was likely due to biome-
chanical factors effecting the scapulothoracic and 
rotator cuff musculature. The ability of the scapu-
lothoracic musculature to stabilize the scapula and 
provide a firm base for the function of the rotator 
cuff may have been compromised in the protracted 
scapula position and may have resulted in reduced 

mean strength values following the 1st NCS, RCS and 
2nd NCS postures (p<.05). No significant difference was 
detected among the normalized strength means for 1st 
NCS, RCS and 2nd NCS postures (p>.05). 

Normalized 
Strength
Means

N Minimum Maximum Mean Std. 
Deviation 

1st NCS 100 1 1 1 .00 
RCS 99 .76 1.26 .99 .09 
2nd NCS 100 .78 1.22 .97 .09 
FHRS 100 .68 1.29 .92 1.09 
1

st 
 NCS: Neutral Cervical Si�ng 

RCS: Retracted Cervical Si�ng 

2
nd

 NCS: Neutral Cervical Si�ng 

FHRS: Forward Head Rounded Shoulders 

Table 3. Normalized Strength Means to 1st NCS Means

ANOVA Sum of 
Squares

df Mean 
Squares

F Sig 

Between 
Groups

.332 3 .111 16.047 .000 

Within
Groups

2.726 395 .007   

Total 3.059 398    
1

st 
 NCS: Neutral Cervical Si�ng 

RCS: Retracted Cervical Si�ng 

2
nd

 NCS: Neutral Cervical Si�ng 

FHRS: Forward Head Rounded Shoulders 

Table 4. ANOVA between Group 
Normalized Strength Means 
(1st NCS, RCS, 2nd NCS, FHRS)

Paired
Samples Test 

Mean St. Dev St. Error t df Sig (2-tail) 

2nd NCS-
FHRS

.869 1.76 .176 4.934 99 .000 

2
nd

 NCS: Neutral Cervical Si�ng 

FHRS: Forward Head Rounded Shoulders 

Table 5. Paired Samples Test between 2nd Neutral 
Cervical Sitting and Forward Head Rounded Shoulder 
Normalized Strength Means

Figure 2. Strength values were normalized due to the wide 
variation in shoulder external rotator strength among sub-
jects. The normalized external rotator strength mean values 
were calculated by obtaining the mean of the three trials for 
each subject and each condition and dividing by the mean of 
each subjects 1st NCS trials. The normalized shoulder external 
rotator strength means following fi ve minutes in the FHRS 
sitting posture indicate an 8% decline compared to the shoul-
der external rotator strength means following fi ve minutes in 
the 1st NCS posture. 
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external rotator force production. This factor, when 
coupled with the relatively shortened position of the 
external rotator musculature in the testing position, 
result in length/tension considerations that may 
have further compromised force production.6  

The results of the current study demonstrate an 
average decline of 8% in external rotator force pro-
duction in response to five minutes in the FHRS 
sitting posture. Furthermore, 36% of the subjects 
experienced greater than a 10% decline in strength. 
The scapular and rotator cuff length/tension biome-
chanical explanations offered by Smith et al for the 
strength decline in their investigation are less influ-
ential considerations in the present study. Inher-
ent to the design of the present study, all shoulder 
external rotator strength testing was performed in 
the NCS posture that place the scapular and rotator 
cuff musculature at a consistent length minimizing 
length/tension variability in that region. 

Although, the intent of the current study was to 
identify whether shoulder external rotator strength 
was influenced by cervical spine positioning inher-
ent to various sitting postures and not to determine 
the cause of the decline, it is interesting to speculate 
possible causes in order to direct future research. 
The authors also suspect a biomechanical contribu-
tion to the shoulder external rotator muscle strength 
decline but one occurring at the cervical spine, 
therefore, indirectly influencing the shoulder com-
plex. Given the FHRS sitting posture resulted in a 
transient strength decline of the shoulder external 
rotators, the authors surmise the strength decline 
may be related to intermittent compression of the 
C5 nerve root, possibly resulting in a temporary 
conduction block. A C5 nerve root conduction block 
could affect the peripheral nerves that receive pre-
dominantly C5 contribution, namely the suprascap-
ular and axillary nerves. These nerves innervate the 
shoulder external rotator muscles, specifically the 
infraspinatus and teres minor. 

The lower cervical flexion that accompanies the 
FHRS sitting posture has been estimated at 6.3 + 4.1° 
at the C4/C5 level by Ordway.20 A study by Anderst 
et al21 offers additional information that may shed 
insight on a potential explanation for C5 nerve root 
compression through an intervertebral foramenal 
stenosis mechanism with the lower cervical flexion 

accompanying the FHRS sitting posture. An anterior 
shear of C4 on C5, on the magnitude of 33%, was 
reported to occur accompanying end range cervical 
flexion.21 This anterior shear is likely to result in a 
narrowing of the anterior/posterior dimension of 
the intervertebral foramen as the inferior articular 
process of C4 moves toward the posterior aspect of 
the C5 uncovertebral joint. Although, gross cervical 
flexion is not identical to the lower cervical flexion 
which accompanies the FHRS sitting posture, simi-
larities in kinematics do exist. Consequently, a fora-
menal stenosis at C4-C5 may be created by the lower 
cervical flexion and resultant shear from time spent 
in the FHRS sitting posture, which in turn, may be 
a potential source of C5 nerve root compression and 
a possible explanation for the decline in shoulder 
external rotator strength found in the current study.  

Furthermore, Topp and Boyd22 reported compressive 
forces between 20-30 mmHg can impair neural blood 
flow, and subsequently, may compromise nerve func-
tion. Short term changes in neural blood flow are 
believed to reverse once the compression is removed 
without residual nerve damage. However, compres-
sive forces of 50 mmHg, for periods as brief as two 
minutes, have been shown to result in damage to the 
myelin and axon. Garfin et al23, using a pig model, 
demonstrated a diminution of nerve conduction in 
both afferent and efferent nerve fibers in response to 
75-100 mmHg of compression. The magnitude of the 
compression represented the mean of the pig’s arterial 
blood pressure. Garfin23 also reported a return to near 
normal nerve function one and a half hours following 
release of two hours of the compression. The previ-
ous studies suggest a threshold exist where a level of 
compression may result in a temporary disruption of 
nerve function without resultant nerve damage.22,23 
Therefore, the authors surmise temporary nerve com-
pression may be the reason for the shoulder external 
rotator strength decline demonstrated in the study. 

Based on Thompson and Kopell,24 the authors also 
offer traction to the suprascapular nerve as a possible 
explanation for the decline in shoulder external rota-
tor strength in response to the FHRS sitting posture. 
Thompson and Kopell24 suggest the scapular protrac-
tion that accompanies the FHRS sitting posture may 
result in traction to the suprascapular nerve. Since 
the contributing nerve roots of the brachial plexus 
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are anchored proximally by the cervical spine and 
the suprascapular nerve is anchored distally at the 
suprascapular notch, it can be tractioned as the scap-
ula moves anteriorly. Rydevik et al25 report venular 
stasis to be induced in a nerve that has undergone 
a tensile stress resulting in a strain of 8%. Topp and 
Boyd report a 6-8% strain to a nerve results in tran-
sient physiologic changes.22 Furthermore, Rydevik 
et al25 report a complete “standstill” in intraneural 
blood flow in response to a traction force resulting 
in a 15% strain, a strain that also leads to a loss of 
nerve conduction and muscle function. The vascu-
lar compromise and consequent neural dysfunction 
that has been reported as a result of neural tension 
warrants consideration as a potential cause of the 
shoulder external rotator strength decline observed 
in the study. However, once again, due to the nature 
of the strength decline observed, the magnitude of 
the traction would likely have been enough to impair 
neural function, yet not to the extent to result in per-
manent neural damage.

A primary limitation of the study is that the subjects 
were healthy 20-26 year old adults without significant 
history of previous cervical pathology and normal range 
of motion. This fact compromises the ability to gen-
eralize the findings to an older population with more 
advanced cervical degenerative changes and hypomo-
bility. Additionally, the study only examined the effects 
of five minutes of cervical posturing and therefore can-
not make assumptions regarding the effects of longer 
or shorter cervical posturing time frames.

The authors recommend that future research should 
focus on the particular cause of the shoulder exter-
nal rotator strength decline in response to the FHRS 
posture when controlling for scapula position. This 
could include future research to examine the spe-
cific effect of the anterior shear of C4 on C5 on the 
cross sectional area of the intervertebral foramen 
during the FHRS sitting posture.

The authors would also like to point out a practical 
implication of the study’s findings and give the read-
ers something to ponder. Imagine a baseball pitcher 
sitting in the dugout in a FHRS sitting posture 
expected to return to the field to throw a 90 mph 
fastball. One would suspect that this player may 
be at risk for compromised performance or poten-
tial injury if subjected to a possible 19% decline in 

shoulder external rotator strength; a strength decline 
that may be preventable by merely modifying cervi-
cal posture. 

CONCLUSION
The results of the study indicate that shoulder exter-
nal rotator strength did not significantly decline in 
response to five minutes in either the 2nd NCS or 
RCS postures. However, subjects demonstrated an 
average eight percent decline in shoulder external 
rotator strength in response to five minutes in a 
FHRS sitting posture. Furthermore, a sub-popula-
tion of subjects (36/100) was identified that dem-
onstrated a decline in shoulder external rotator 
strength of greater than ten percent with an aver-
age decline of 19% after positioned five minutes in 
a FHRS sitting posture. The authors believe that this 
finding is clinically relevant in that a 19% decline 
in external rotator strength may alter the external 
to internal rotator cuff strength ratio and is likely 
to compromise shoulder function and performance. 
Therefore, clinicians should be more conscious of 
the influence of cervical posture when examining 
the cervical spine and/or the shoulder since a FHRS 
sitting posture may result in a significant decrease 
in shoulder external rotator strength due to the pos-
sible factors discussed. 
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ABSTRACT
Background: Impaired trunk motion during pitching may be a risk factor for upper extremity injuries. 
Specifically, increased forces about the shoulder and elbow have been observed in pitchers with excessive 
contralateral trunk lean during pitching. Because of the difficulty in identifying abnormal trunk motions 
during a high-speed task such as pitching, a clinical screening test is needed to identify pitchers who have 
impaired trunk motion during pitching. 

Hypothesis/Purpose: The purpose of this study was to determine the relationship between the degree of 
lateral trunk lean during the single-leg squat and amount of trunk lean during pitching and if trunk lean 
during pitching can be predicted from lean during the single-leg squat. 

Study Design: Controlled Laboratory Study; Cross-sectional.

Methods: Seventy-three young baseball pitchers (11.4 ± 1.7 years; 156.3 ± 11.9 cm; 50.5 ± 8.8 kg) partici-
pated. An electromagnetic tracking system was used to obtain trunk kinematic data during a single-leg 
squat task (lead leg) and at maximum shoulder external rotation of a fastball pitch. Pearson correlation 
coefficients for trunk lean during the single-leg squat and pitching were calculated. A linear regression 
analysis was performed to determine if trunk lean during pitching can be predicted from lean during the 
single-leg squat. 

Results: There was a positive correlation between trunk lean during the single-leg squat and trunk lean 
during pitching (r= 0.53; p<0.001). Lateral trunk lean during the single-leg squat predicted the amount of 
lateral trunk lean during pitching (R2= 0.28; p< 0.001).

Conclusions: A moderate positive correlation was observed between trunk lean during an SLS and pitch-
ing. Trunk lean during the single-leg squat explained 28% of the variance in trunk lean during pitching.

Level of Evidence: Diagnosis, level 3

Key Words: baseball, biomechanics, clinical screening test, lumbo-pelvic stability, throwing
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INTRODUCTION
Shoulder and elbow injuries are prevalent in youth 
and adolescent baseball pitchers.1-4 The injury inci-
dence over the course of a season in youth baseball 
pitchers has been reported to be as high as 28.7%, 
with a large majority of injuries occurring to the 
upper extremity.1 Furthermore, ulnar collateral liga-
ment reconstruction has become one of the most 
commonly performed procedures in pitchers5 and 
have doubled since 2000.6 

Pitching is a complex activity that requires coordi-
nated and controlled transfer of energy from the legs, 
through the trunk, to the shoulder, and then distal to 
the hand for ball release.7-9 It has been estimated that 
the proximal segments of the hip and trunk contrib-
ute 50% of kinetic energy and force during dynamic 
overhead activities.7,8 As such, trunk stability during 
pitching is important not only for postural control 
but to also generate and transfer force from the lower 
extremity to the upper extremity.10 Previous model-
ling simulations have identified 10° of contralateral 
trunk lean (lean away from the throwing arm) as 
the ideal trunk position to minimize varus moments 
about the elbow at maximum shoulder external 
rotation.11 In support of this premise, Oyama and 
colleagues12 found that high school pitchers with 
excessive lateral trunk lean (>10°) away from the 
throwing arm, at maximum shoulder external rota-
tion, exhibited increased varus moment at the elbow 
and glenohumeral internal rotation moment about 
the shoulder. Solomito et al.13 examined the rela-
tionship between the amount of lateral trunk lean 
and upper extremity forces in college pitchers, and 
found that increased varus moment at the elbow and 
glenohumeral internal rotation moment increased 
as trunk lean increased at maximum shoulder exter-
nal rotation of the pitching motion. These increased 
moments are potentially dangerous and could lead 
to injury.

Given the importance of trunk stability to the bio-
mechanics of pitching, identifying individuals who 
exhibit altered trunk motion during pitching is 
important. However, the highly dynamic nature of 
pitching makes it difficult for clinicians to visually 
identify altered trunk mechanics during pitching 
without sophisticated motion analysis equipment 
or high-speed cameras. As such, there is a need for 

a clinical test to screen for the potential for altered 
trunk motion in pitchers. Screening tests have previ-
ously been developed to identify movement deficits 
in lateral trunk lean in pitchers.12 Specifically, the 
single-leg squat (SLS) has been used as a screening 
test to assess trunk control, however it is unknown if 
trunk lean in the frontal plane found during the SLS 
will inform trunk stability during pitching.14 Clini-
cal screening tests that may be suggestive of altered 
pitching mechanics may help to decrease upper 
extremity injury rates.

The purpose of the study was to determine if there 
was a relationship between the degree of lateral 
trunk lean during the SLS and the degree of the 
lean at maximum shoulder external rotation of the 
pitching motion. It was hypothesized that the degree 
of lateral trunk lean during the SLS would be posi-
tively correlated to the degree of lateral trunk lean 
at maximum shoulder external rotation of the pitch-
ing motion. The second aim of this study was to 
determine if lateral trunk lean during the SLS could 
predict lateral trunk lean during pitching. Under-
standing the relationship between the amount of 
trunk lean during the SLS and the amount of trunk 
lean during pitching may provide important infor-
mation related to the ability of the SLS to detect 
altered trunk mechanics during pitching. 

METHODS

Participants
This study was a cross-sectional design performed 
in a controlled laboratory environment. Participants 
were recruited from local recreational leagues and 
through the use of flyers. Seventy-three youth base-
ball pitchers (11.4 ±1.7 years; 156.3 ± 11.9 cm; 50.5 
± 8.8 kg) volunteered for this study. The only inclu-
sion criterion was that participants were free from 
any injury within the past six months. An injury 
was defined as missing at least one practice or 
game. The Auburn University Institutional Review 
Board approved this study. Prior to data collection, 
all testing procedures were explained to each par-
ticipant as well as their parent[s]/legal guardian[s] 
and informed consent and participant assent was 
obtained. Participants were instructed to not throw 
48-hours prior to arrival for testing.
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An a priori power analysis was performed for 
a between group comparisons for independent 
groups.  A sample size of 29 participants was needed 
to achieve 80% power to determine if a correlation 
coefficient differs from zero, with an effect size 
0.7715, and an alpha level of 0.05.

Procedures
The MotionMonitorTM (Innovative Sports Training, 
Chicago, IL, USA) synched with an electromagnetic 
tracking system (Track Star, Ascension Technolo-
gies Inc., Burlington, VT, USA) was used to collect 
kinematic data at 100 Hz. Kinematic sensors were 
attached to the following locations: [1] the posterior/
medial aspect of the torso at T1, [2] posterior/medial 
aspect of the pelvis at S1, [3] distal/posterior aspect 
of the upper arm, [4] the flat, broad portion of the 
acromion of the scapula, [5] distal/posterior aspect 
of the forearm, [6-7] bilateral distal/posterior aspect 
of the thigh, [8-9] bilateral distal/posterior aspect of 
the lower leg, and [10] the mid-foot at the 3rd meta-
tarsal of the non-throwing foot (Figure 1).16 Sensors 
were attached to the skin using PowerFlex cohesive 
tape (Andover Healthcare, Inc., Salisbury, MA, USA). 

Following the application of the electromagnetic sen-
sors, an additional sensor was attached to a stylus that 
was used to digitize boney landmarks to define seg-
ments of the trunk, humerus, forearm, femur, and 
shank.17,18 Specifically, the medial and lateral aspect 
of each joint was identified and digitized and the mid-
point of the two points was calculated to determine 

the joint center.19 A link segment model was then 
developed through digitization of bony landmarks 
used to estimate the joint centers for the knee, hip, 
shoulder, thoracic vertebrae 12 (T12) to lumbar ver-
tebrae 1 (L1), and C7 to thoracic vertebrae 1 (T1). 
The trunk segment was defined as the digitized space 
between the T12 and L1 spinous processes, whereas 
the knee was defined as the midpoints of the digitized 
medial and lateral femoral condyles. The shoulder 
and hip joint centers were estimated using the least 
squares rotation method.19,20 First, the humerus and 
the femur were moved in small arcs while respec-
tively maintaining no movement of the scapula and 
pelvis. Then the shoulder and hip joint centers were 
calculated as the point on the humerus and femur 
that moved the least according to a least-squares 
algorithm. The variation in the measurement of the 
joint center had to have a root mean square error of 
less than 0.001 m to be accepted. 

The global coordinate system was defined with the 
y-axis vertical (upward direction), the x-axis was 
perpendicular to the y and z-axes and directed ante-
rior/posterior (forward direction), and the z-axis was 
directed in the medial/lateral direction and orthogo-
nal to the x and y-axes (towards the right). Raw data 
regarding sensor orientation and position were trans-
formed to locally-based coordinate systems for each 
respective body segment. Euler angle decomposition 
sequences were used to describe both the position and 
orientation of the trunk following the International 
Society of Biomechanics standards.21,22 All segment 
axes systems were the same as the global coordinate 
system. The trunk segment was defined by the T1 
and S1 sensors. The y-axis of the trunk was the line 
connecting the midpoint between the xiphod process 
and C7 vertebrae (positive direction upward).23 The 
z-axis of trunk was defined as the plane formed by the 
suprasternal notch, C7, and the midpoint between the 
xiphoid process and T8 vertebrae (positive direction 
towards the right).23 The x-axis was the common line 
perpendicular to the z and y-axes (positive direction 
anterior/forward).23 The Euler angle decomposition 
sequence for the trunk segment was ZX’Y’’ with the 
second rotation trunk lean. Trunk lean was defined 
as movement in the frontal plane angular excursion 
of the thorax segment relative to the global reference 
frame (Figure 2).12,13Figure 1. Kinematic sensor placement and set-up.
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SLS testing protocol. Participants performed the SLS 
task on the lead leg, which is the leg contralateral to 
the throwing arm during pitching. The lead leg was 
selected as the support leg in the SLS because weight 
is transferred to this leg as the pitching motion pro-
gresses. Participants were instructed to place their 
hands on their hips and squat as low as possible be-
fore returning to a full upright position. Participants 
performed one practice trial and then a subsequent 
SLS trial was recorded for analysis. Cadence during 
the SLS was self-selected and not controlled for in 
this study. The trunk position in the frontal plane at 
45° of knee fl exion was selected for analysis.24 Reli-
ability for assessing lateral trunk lean during a SLS 
has been reported as excellent (ICC=0.86).25 The 
standard error of measurement (SEM) for trunk lean 
was 1.5°, and the minimal detectable change (MDC) 
at 95% confi dence interval was 4.2° for the SLS. 

Pitching protocol. Participants were allotted an unlim-
ited time to perform their individual warm-up routine 
to gain familiarity with pitching with the sensors. 
Once the participant’s completed the warm-up, test-
ing began. Kinematic data were collected during three 
accurate two-seam fastball pitches. All participants re-
ported pitching two-seam fastballs frequently during 
games and were confi dent in performing this pitch in 
a laboratory environment. An accurate pitch was de-
fi ned as a pitch passing through the strike zone and 
was determined by a trained investigator. Participants 
threw to a catcher from their age-regulated pitching 
distance (46ft/14.02m). The fastest accurate pitch 
was selected for analysis.11 The position of maximum 
shoulder external rotation was the discrete point of 
the pitch that was selected to measure trunk lean to-
wards and away from the throwing arm (Figure 3a & 
3b). This event of pitching motion represents the end 
of the cocking phase (lead foot contact to maximum 
external rotation). Maximum shoulder external rota-
tion was selected because maximum trunk lean has 
been reported to occur at this event of the pitching 
motion.13 Excellent reliability has been established for 
two-dimensional video analysis of angular measures 
of lateral trunk lean in high school pitchers at maxi-
mum external rotation (ICC2,k = 0.90; SEM= 3.2°).15 

Statistical analyses were performed using SPSS soft-
ware (version 22; SPSS Inc., Chicago, IL, USA), with 
an alpha level set a priori at p ≤ 0.05. A Pearson cor-
relation coefficient was calculated to determine the 
relationship between trunk lean in the SLS and lat-
eral trunk lean in pitching. A linear regression was 
performed to assess the predictive ability of lateral 
trunk lean during the SLS on lateral trunk lean dur-
ing pitching. The dependent variable entered into the 
model was lateral trunk lean during the SLS, and the 
independent variable was trunk lean during pitching.

RESULTS
Negative lateral trunk lean values indicate lean 
away from the throwing arm. A significant positive 
correlation between trunk lean during the SLS and 
trunk lean during pitching was observed (r = 0.53; 
p<0.001) (Figure 4). Mean lateral trunk lean during 
pitching was -17.1° ± 13.0° (away from the throwing 
arm) and -5.8° ± 10.4° during the SLS. Lateral trunk 
lean during pitching could be predicted from the 

Figure 2. Trunk lean.
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amount of lateral trunk lean in the SLS (R2= 0.28; 
p< 0.001). No missing data were present.

DISCUSSION
Screening tests have been developed to iden-
tify lower extremity/upper extremity movement 

impairments and potential injury risk.26,27 The cur-
rent study sought to characterize the relationship 
between lateral trunk lean during the SLS and the 
amount of lateral trunk lean observed during pitch-
ing. The first hypothesis was confirmed as a signifi-
cant positive correlation between lateral trunk lean 

Figure 3. Sagittal (A) and frontal (B) plane depiction of maximum shoulder external rotation of the pitching motion.

Figure 4. Relationship between SLS trunk lean and trunk lean during pitching. Negative values indicate lateral trunk lean away 
from the throwing arm.
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during the SLS and lateral trunk lean during pitching 
was observed. The results of this study suggest that 
the SLS may be useful as a screening tool to identify 
greater degrees of lateral trunk lean during pitching. 

During pitching, lateral trunk lean away from the 
throwing arm functions to position the shoulder in 
the proper arm slot (position of the shoulder rela-
tive to the trunk) in preparation for ball release. 
Lateral trunk lean increases as the pitching motion 
progresses from foot contact to maximum shoulder 
external rotation.13 In the current study, pitchers had 
an average -17.9° of lateral trunk lean away from the 
throwing arm during pitching. These results agree 
with Solomito et al.13 who reported -18° of lateral 
trunk lean away from the throwing arm at maximum 
shoulder external rotation in collegiate pitchers. The 
importance of identifying the relationship between 
lateral trunk lean and moments about the shoulder 
and elbow has been established in high school12 and 
collegiate13 pitchers. Increased lateral trunk lean 
away from the throwing arm can impact shoulder 
and elbow moments. Solomito et al.13 reported that 
for every 10° increase in trunk lean there was an 
increase in elbow varus moment of 3.7 Nm and a 
2.5 Nm increase in glenohumeral internal rotation 
moment. While the current study did not examine 
the moments about the shoulder or elbow, the SLS 
may have potential value in identifying baseball 
pitchers who may exhibit increased lateral trunk 
lean and shoulder/elbow moments during pitching. 
The results of this study valuable for clinicians and 
coaches who work with youth pitchers to identify 
potential trunk kinematic deficits during pitching 
that can be targeted with individualized interven-
tions through the use of a SLS screening test. For 
example, if a pitcher has excessive trunk lean during 
a SLS then they may have similar trunk lean during 
pitching which warrants an intervention program to 
correct. 

Lateral trunk lean during the SLS explained 28% 
of the trunk lean observed in pitching. Therefore, 
other factors likely contributed to the degree of lat-
eral trunk lean observed during pitching that were 
outside the scope of this current study. Maintaining 
trunk stability during dynamic movements is depen-
dent on neuromuscular control and strength of the 
trunk and lower extremity musculature.28 Muscle 

performance deficits in lumbo-pelvic musculature 
may contribute to the lateral trunk lean that was 
observed during the SLS and pitching. Specifically, 
decreased strength of the gluteus medius and maxi-
mus may also affect the pitchers’ ability to maintain 
and control a neutral trunk position however fur-
ther research is needed to substantiate this theory. 
Popovich and Kulig29 have shown that females clas-
sified by weak hip muscle strength had significantly 
greater trunk lean during a single-leg landing task 
than participants classified as strong. Activation of 
the erector spinae, gluteus medius and maximus, 
external oblique, and rectus abdominis muscles was 
also significantly greater in individuals with weak 
hip musculature.29 The findings of Popovich and 
Kulig29 suggest that individuals with weak hip mus-
culature may exhibit altered neuromotor control 
of the trunk to maintain stability during single-leg 
tasks. The implication of these results during a land-
ing task should be applied with caution as similar 
results in baseball players performing a SLS have not 
been examined. 

Decreased hip strength and control have been shown 
to result in increased hip adduction and knee valgus 
during single-leg tasks.30-33 In single-leg tasks individ-
uals with weak hip abductors lean towards the stance 
limb to reduce the demand on the abductors.34,35 The 
lateral lean in the SLS and pitching may occur as 
a compensation strategy in pitchers with weak hip 
abductors. Compensations in trunk motion to main-
tain energy transfer during pitching may contrib-
ute to upper extremity injury rates. Chaudhari and 
colleagues reported that professional pitchers with 
poor lumbopelvic control, as measured during a sin-
gle-leg balance task, were 2.2-3 times more likely to 
miss ≥ 30 days during the season due to injury.36 As 
such, lumbopelvic and lower extremity control may 
be important in reducing injury in baseball pitchers. 
The SLS test may prove to be an easy and benefi-
cial way to screen for lumbo-pelvic instability and 
compensatory trunk motions in pitchers, however 
further work in this area is needed. 

There are several limitations of this study that need 
to be considered when interpreting the results. 
This study only examined the role of trunk stabil-
ity, in a single plane, and fastball kinematics in 
youth pitchers. The results of this study may only 
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be generalizable to youth pitchers from a selected 
area of the country. Other factors such as knee val-
gus, hip abduction, pelvic drop, or pelvic and trunk 
rotation also may differentiate pitchers with altered 
trunk stability. This study did not measure strength 
of the lumbar or gluteal muscles and thus, the gen-
eralizations being made as to why the trunk lean 
occurred are purely speculation at this time. The 
relationship between trunk deficits and shoulder 
injuries were not examined because no pitchers in 
this sample reported a history of upper extremity 
injury. The next step of this work is to track inju-
ries during the season and examine the relationship 
between trunk stability and upper extremity injury. 
Future research should aim to characterize the risk 
of poor trunk stability on upper extremity injury. 
Other potential contributing factors should also be 
considered, such as muscular performance impair-
ments and range of motion deficits at the shoulder 
that can enable a comprehensive characterization of 
risk of injury. 

CONCLUSION
 The results of the current study indicate that pitchers 
with trunk lean during the SLS screening test have 
greater trunk lean during pitching. Increased lateral 
trunk lean has previously been reported to result in 
increased moments at the shoulder and elbow that 
may contribute to injury. Lateral trunk lean during 
the SLS is similar in magnitude to the amount of 
lean in pitching. Implementing the SLS may allow 
clinicians to identify pitchers with increased lateral 
trunk lean during pitching without performing a 
three-dimensional motion analysis of their pitching 
mechanics. Identifying pitchers with trunk deficits 
can enable the targeting of prevention programs of 
those modifiable impairments associated with these 
trunk deficits and to reduce the torque about the 
elbow and decrease the risk of injury. 

REFERENCES 
1. Lyman S, Fleisig GS, Andrews JR, Osinski ED. Effect 

of pitch type, pitch count, and pitching mechanics 
on risk of elbow and shoulder pain in youth baseball 
pitchers. Am J Sports Med. 2002;30(4):463-468.

2. Fleisig GS, Andrews JR, Cutter GR, et al. Risk of 
serious injury for young baseball pitchers: A 10-year 
prospective study. Am J Sports Med. 2010;39(2):253-
257.

3. Lyman S, Fleisig GS, Waterbor JW, et al. Longitudinal 
study of elbow and shoulder pain in youth baseball 
pitchers. Am J Sports Med. 2001;33(11):1803-1810.

4. Olsen SJ, 2nd, Fleisig GS, Dun S, Loftice J, Andrews 
JR. Risk factors for shoulder and elbow injuries in 
adolescent baseball pitchers. Am J Sports Med. 
2006;34(6):905-912.

5. Chalmers PN, Erickson BJ, Ball B, Romeo AA, Verma 
NN. Fastball Pitch Velocity Helps Predict Ulnar 
Collateral Ligament Reconstruction in Major League 
Baseball Pitchers. Am J Sports Med. 2016;44(8):2130-
2135.

6. Fleisig GS, Andrews JR. Prevention of elbow injuries 
in youth baseball pitchers. Sports Health. 
2012;4(5):419-424.

7. Putnam CA. Sequential motions of body segments in 
striking and throwing skills: Descriptions and 
explanations. J Biomech. 1993;26 (Suppl 1):125-135.

8. Bunn JW. Scientifi c Principles of Coaching. 2nd ed. 
Englewood Cliffs, NJ: Prentice Hall; 1972.

9. Kibler WB, Press J, Sciascia A. The role of core 
stability in athletic function. Sports Med. 
2006;36(3):189-198.

10. Byram IR, Bushnell BD, Dugger K, Charron K, 
Harrell FE, Jr., Noonan TJ. Preseason shoulder 
strength measurements in professional baseball 
pitchers: identifying players at risk for injury. Am J 
Sports Med. 2010;38(7):1375-1382.

11. Matsuo T, Fleisig GS, Zheng N, Andrews JR. 
Infl uence of shoulder abduction and lateral trunk tilt 
on peak elbow varus torque for college baseball 
pitchers during simulated pitching. J Appl Biomech. 
2006;22:93-102.

12. Oyama S, Yu B, Blackburn JT, Padua DA, Li L, Myers 
JB. Effect of excessive contralateral trunk tilt on 
pitching biomechanics and performance in high 
school baseball pitchers. Am J Sports Med. 
2013;41(10):2430-2438.

13. Solomito MJ, Garibay EJ, Woods JR, Ounpuu S, 
Nissen CW. Lateral trunk lean in pitchers affects 
both ball velocity and upper extremity joint 
moments. Am J Sports Med. 2015;43(5):1235-1240.

14. Lewis CL, Foch E, Luko MM, Loverro KL, Khuu A. 
Differences in lower extremity and trunk kinematics 
between single leg squat and step down tasks. PLoS 
One. 2015;10(5):1-15.

15. Oyama S, Sosa A, Campbell R, Correa A. Reliability 
and validity of quantitative video analysis of baseball 
pitching motion. J Appl Biomech. 2017;33(1):64-68.

16. Kibler WB, Sciascia A. Kinetic chain contributions to 
elbow function and dysfunction in sports. Clin Sports 
Med. 2004;23(4):545-552.



The International Journal of Sports Physical Therapy | Volume 13, Number 1 | February 2018 | Page 65

17. Myers JB, Laudner KG, Pasquale MR, Bradley JP, 
Lephart SM. Scapular Position and Orientation in 
Throwing Athletes. Am J Sports Med. 2005;33(2):263-
271.

18. Myers JB, Oyama S, Hibberd EE. Scapular 
dysfunction in high school baseball players 
sustaining throwing-related upper extremity injury: 
a prospective study. J Shoulder Elbow Surg. 
2013;22(9):1154-1159.

19. Wu G, Siegler S, Allard P, et al. ISB recommendation 
on defi nitions of joint coordinate systems of various 
joints for the reporting of human joint motion-Part I: 
Ankle, hip, and spine. J Biomech. 2002;35:543-548.

20. Plummer HA, Oliver GD. Quantitative analysis of 
kinematics and kinetics of catchers throwing to 
second base. J Sports Sci. 2013;31(10):1108-1116.

21. Veeger HEJ. The position of the rotation center of 
the glenohumeral joint J Biomech. 2000;33:1711-1715.

22. Huang YH, Wu TY, Learman KE, Tsai YS. A 
comparison of throwing kinematics between youth 
baseball players with and without a history of medial 
elbow pain. Chinese J Phys. 2010;53(3):160-166.

23. Wu G, van der Helm FCT, Veeger HEJ, et al. ISB 
recommendation on defi nitions of joint coordinate 
systems of various joints for the reporting of human 
joint motion—Part II: shoulder, elbow, wrist and 
hand. J Biomech. 2005;38(5):981-992.

24. Willy RW, Davis IS. The effect of a hip-strengthening 
program on mechanics during running and during a 
single-leg squat. J Orthop Sports Phys Ther. 
2011;41(9):625-632.

25. Nakagawa TH, Moriya ET, Maciel CD, Serrao FV. 
Test-retest reliability of three-dimensional 
kinematics using an electromagnetic tracking 
system during single-leg squat and stepping 
maneuver. Gait Posture. 2014;39(1):141-146.

26. Plisky PJ, Rauh MJ, Kaminski TW, Underwood FB. 
Star Excursion Balance Test as a predictor of lower 
extremity injury in high school basketball players. 
J Orthop Sports Phys Ther. 2006;36(12):911-919.

27. McGuine TA, Greene JJ, Best T, Leverson G. 
Balance as a predictor of ankle injuries in high 
school basketball players. Clin J Sport Med. 
2000;10:239-244.

28. Zazulak B, Cholewicki J, Reeves NP. Neuromuscular 
control of trunk stability: Clinical implications for 
sports injury prevention. J Am Acad Orthop Surg. 
2008;16(9):497-505.

29. Popovich JM, Jr., Kulig K. Lumbopelvic landing 
kinematics and EMG in women with contrasting hip 
strength. Med Sci Sports Exerc. 2012;44(1):146-153.

30. Willson JD, Ireland ML, Davis I. Core strength and 
lower extremity alignment during single leg squats. 
Med Sci Sports Exerc. 2006;38:945-952.

31. Zeller BL, McCrory JL, Kibler WB, Uhl TL. 
Differences in kinematics and electromyographic 
activity between men and women during the single-
legged squat. Am J Sports Med. 2003;31(3):449-456.

32. Hollman JH, Ginos BE, Kozuchowski J, Vaughn AS, 
Krause DA, Youdas JW. Relationships between knee 
valgus, hip-muscle strength, and hip-muscle 
recruitment during a single-limb step-down. J Sport 
Rehab. 2009;18:104-117.

33. Stickler L, Finley M, Gulgin H. Relationship between 
hip and core strength and frontal plane alignment 
during a single leg squat. Phys Ther Sport. 
2015;16(1):66-71.

34. Souza RB, Powers CM. Differences in hip kinematics, 
muscle strength, and muscle activation between 
subjects with and without patellofemoral pain.
J Orthop Sports Phys Ther. 2009;39(1):12-19.

35. Dierks TA, Manal KT, Hamill J, Davis IS. Proximal 
and distal infl uences on hip and knee kinematics in 
runners with patellofemoral pain during a prolonged 
run. J Orthop Sports Phys Ther. 2008;38(8):448-456.

36. Chaudhari AM, McKenzie CS, Pan X, Onate JA. 
Lumbopelvic control and days missed because of 
injury in professional baseball pitchers. Am J Sports 
Med. 2014;42(11):2734-2740. 



ABSTRACT
Background: Reduced lower extremity muscle strength as well as reduced lower extremity muscle pre-activity (defined as muscular activity just prior to initial 
ground contact) during high-risk movements are factors related to increased risk of non-contact ACL injury in adolescent female athletes. A strong relationship 
exists between muscle strength and muscle activity obtained during an isometric contraction, however, whether these two measures are related when muscle 
activity is obtained during a movement associated with a high risk of non-contact ACL injury is not known. Absence or presence of such a relationship may have 
implications for which training modalities to choose in the prevention of ACL injuries. 

Purpose: The purpose of this study was to examine the relationship between maximal muscle strength of the hip extensors, hip abductors and knee flexors and 
the pre-activity of these muscle groups recorded during a sidecutting maneuver (high-risk movement) in adolescent female soccer and handball athletes. 

Study design: Cross-sectional study.

Methods: Eighty-five adolescent (age 16.9±1.2 years) female elite handball and soccer athletes were assessed for maximal hip extensor, hip abductor and knee 
flexor muscle strength; and muscle pre-activity (electromyography recordings over a 10 ms time interval prior to foot ground contact) of the gluteus maximus 
(Gmax), gluteus medius (Gmed), biceps femoris (BF) and semitendinosus (ST) during a standardized sidecutting maneuver.

Results: The results of the correlation analyses demonstrated poor and statistically non-significant correlations. Maximal hip extensor force (N/kg bw) and Gmax 
pre-activity [rs = 0.012 (95% CI -0.202 – 0.224), p = 0.91], maximal hip abductor force (N/kg bw) and Gmed pre-activity [rs = 0.171 (95% CI -0.044 – 0.371), p = 
0.11], maximal knee flexor force (N/kg bw) and BF pre-activity [rs = 0.049 (95% CI -0.166 – 0.259), p = 0.65], and maximal knee flexor force and ST pre-activity 
[rs = 0.085 (95% CI -0.131 – 0.293), p = 0.44]. 

Conclusion: In the present exploratory study, the results imply that no relationship exists between maximal lower extremity isometric muscle strength and 
lower extremity muscle pre-activity during sidecutting. This means that athletes with low muscle strength may not necessarily demonstrate high (or low) muscle 
pre-activity during sidecutting - a well-known risk movement for sustaining non-contact ACL injury. 

Levels of evidence: Level 3

Key words: Anterior cruciate ligament, electromyography, muscle strength, neuromuscular activity 
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INTRODUCTION
The incidence rate (81-85 per 100,000)1 of non-con-
tact anterior cruciate ligament (ACL) injuries is a 
major problem in sports. In the prevention of non-
contact ACL injuries, the role of lower extremity 
muscle strength has been discussed extensively1-4 
and research suggests that reduced isolated lower 
extremity muscle strength is related to an increased 
risk of non-contact ACL injury in healthy competi-
tive athletes.5,6 

In a typical non-contact ACL injury situation (sidecut-
ting),7,8 Bencke and colleagues found that the peak 
external hip- abduction, inward rotation and exten-
sion moments coincided with the peak external 
knee- valgus and outward rotation moment 30-40 
milliseconds (ms) after landing in adolescent female 
handball players,9 all of which are factors known to 
predispose for non-contact ACL injury.10,11 These 
finding underline the importance of high dynamic 
restraint capacity of the hip extensors, hip abductors 
and knee flexors in the very initial phase of ground 
contact during sidecutting, in order to counter the 
stress forces generated in the ACL. To adequately 
counter these external forces early after foot ground 
contact during sidecutting, the hip extensors, hip 
abductors and knee flexors need to be pre-activated 
in relation to foot ground contact due to the latency of 
mechanosensory feedback reflexes (>75-100 ms).12 
A potential imbalance between external forces and 
internal counter-acting muscle force output may 
partly explain why non-contact ACL injury also is 
observed in the very initial time window i.e. <40 
ms after foot-strike.8,13 During a high risk ACL injury 
movement such as sidecutting where numerous 
lower limb muscles are active at the same time, elec-
tromyography (EMG) can be used to measure neu-
romuscular activity and provide a proxy measure of 
muscle force output.14-16 Based on this method, Zebis 
and colleagues previously reported that the com-
bination of high quadriceps pre-activity along with 
low medial hamstring pre-activity during sidecut-
ting was a risk factor for sustaining non-contact ACL 
injury in female athletes.17 

Reduced muscle strength and reduced muscle 
pre-activity are both modifiable risk factors for 
non-contact ACL injury, which can be targeted by 
specific training interventions.18-24 Their relationship, 

however, is currently unknown. As EMG activity pro-
vides a proxy measure of muscle force output during 
movements, the question is if, or how, the two risk 
factors – i.e. lower extremity muscle strength 5,6 and 
neuromuscular pre-activity during sidecutting 17 – are 
related. Three plausible scenarios exist, each with dif-
ferent consequences for the optimal design of injury 
prevention exercises: 1) High muscle strength down-
regulates the amount of pre-activity (less pre-activity 
is needed to produce the same force output),18 - or 
low muscle strength up-regulates the amount pre-
activity since more pre-activity is needed to produce 
the same force output (inverse relationship), imply-
ing that the two potential risk factors should be tar-
geted by different training programs; 2) High muscle 
strength increases neuromuscular coordination by 
up-regulating pre-activity and thereby increasing 
the force output (positively related) as seen in static 
force testing,25 implying that strength training alone 
may target both potential risk factors concurrently; 
3) No relationship exist between the two potential 
ACL injury risk factors, which imply that low muscle 
strength and low muscle pre-activity during high-risk 
movements should be independently targeted by dis-
tinct training programs. 

While the hip extensors, hip abductors and knee flex-
ors, also referred to as the posterior kinetic muscle 
chain, seem important for preventing non-contact 
ACL injuries,3 the present study intended to exam-
ine if maximal isometric muscle strength in the hip 
extensors, hip abductors and knee flexors are related 
to the amount of pre-activity of these muscle groups 
during a high-risk movement such as the sidecutting 
manoeuvre. 

The purpose of this study was to examine the rela-
tionship between maximal muscle strength of the 
hip extensors, hip abductors and knee flexors and 
the pre-activity of these muscle groups recorded dur-
ing a sidecutting maneuver (high-risk movement) in 
adolescent female soccer and handball athletes. 

MATERIALS AND METHODS

Study design and participants
This exploratory study is an embedded part of an 
ongoing prospective parent cohort study designed 
to screen Danish adolescent (age range 14-19 years) 
female soccer and handball athletes for ACL risk 



The International Journal of Sports Physical Therapy | Volume 13, Number 1 | February 2018 | Page 68

factors (unpublished). The reporting of the study 
follows the STROBE 2007 statement (Strengthening 
the Reporting of Observational Studies in Epidemiol-
ogy).26 Previously, Husted and colleagues reported 
the association of hamstring and quadriceps pre-
activity between different ACL risk screening tests 
from the same cohort.27 

Participants were recruited through collaboration with 
the Danish Soccer Association (DBU) and the Danish 
Handball Association (DHF). Participants who met 
the following criteria were included in the study: 1) 
selected for the national youth team in their respec-
tive sports (handball or soccer) and 2) physically fit 
to participate in a full competitive game or match. 
Participants were excluded if they were injured at the 
time of inclusion precluding them from performing 
the test protocol. Before the test in the motion analy-
sis laboratory, all study participants went through a 
structured interview to assess number and severity of 
lower limb injuries sustained in the prior 12 months 
(anatomical region, cause of injury, type of injury, 
time away from sport due to injury), total duration of 
sports participation (playing experience) and on the 
involvement in systematic resistance training (>2 
sessions/week). Data collection took place between 
November 2010 and December 2011. 

Eighty-five adolescent female elite handball (52) and 
soccer (33) athletes with 10.2 (±2.5) years of experi-
ence with their sport were recruited for the study 
(age 16.9±1.2 years; height 172.3±6.7 cm; weight 
66.3±8.2 kg) (Table 1). All participants and their par-
ents were informed about the purpose and content 
of the project, and all parents gave written informed 
consent for their child to participate in the study in 
accordance with The Declaration of Helsinki. The 
study was approved by the local Ethics Committee 
in the Capital Region of Denmark (H-2-2010-091).

Test procedures
Following a structured interview, the following 
test procedures were performed: 1) measurement 
of anthropometric data (age, height, weight and 

determination of dominant leg), 2) EMG-electrode 
placement on selected muscles, 3) warm-up follow-
ing a standardized protocol, 4) MVC procedure meas-
uring maximal isometric hip extensor, hip abductor 
and knee flexor strength and corresponding EMG 
activity, and 5) the sidecutting test maneuver.

Using procedures described in detail in previous 
reports9,18,27 participants were tested in a 3D motion 
analysis laboratory to assess lower limb muscle activ-
ity in selected muscles (Gluteus maximus (Gmax), 
Gluteus medius (Gmed), long head of the Biceps 
Femoris (BF) and Semitendinosus (ST)) during a 
standardized sidecutting maneuver (SC) (additional 
details given below) using synchronous surface 
EMG recording. Muscle activity was also recorded 
during maximal voluntary (isometric) contractions 
(MVC) for the respective muscles. In brief, maximal 
isometric hip extensor, hip abductor and knee flexor 
muscle strength were measured using a handheld 
dynamometer (details given below). Muscle strength 
and pre-activity testing was performed on the take-
off/stance leg, defined as the leg contralateral to the 
preferred kicking leg or throwing arm.19

EMG recording
Neuromuscular activity was sampled at 1000 Hz 
using bipolar surface EMG-electrodes with 1.0 cm 
inter-electrode distance and built-in preamplifiers 
(Delsys DE-2.3 sEMG sensor; CMRR >80 dB).18,27 
The skin was shaved to remove hair and dead skin 
cells and cleaned with ethanol to ensure minimal 
skin impedance.25 Subsequently, the EMG-elec-
trodes were placed along the length of the fibers 
of the Gmax, Gmed, BF and ST muscles. To reduce 
noise contamination from external electric sources a 
reference electrode was placed on the anterior tibial 
crest.25 To ensure reliable EMG-electrode placement 
between days and testers the guidelines described 
by Perotto et al. were used.28 Bipolar EMG-record-
ings from lower extremity muscles during both iso-
metric muscle contractions and ballistic movements 
have previously been found reliable.19,29

Table 1. Participant characteristics (n = 85).
 Age  

(yrs) 
Height  
(cm) 

Weight 
(kg)

Sport
(handball:
soccer) 

Experience 
with sport 
(yrs) 

Performing resistance 
training >2 sessions/week   

Mean (SD) 16.9 (1.2) 172.3 (6.7) 66.3 (8.2) 52:33 10.2 (2.5) Yes = 81, No = 4 
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Warm-up procedure 
Before measuring maximal voluntary contraction 
strength all participants went through a standard-
ized warm-up procedure consisting of ten submaxi-
mal vertical jumps, ten one-leg squats on each leg, 
ten medium vertical jumps (80% self-rated effort), 
ten lunges on each leg and finally ten maximal 
vertical countermovement jumps (100% self-rated 
effort). 

Maximum voluntary contraction (MVC)
Maximal voluntary isometric muscle strength was 
measured using a portable hand-held dynamom-
eter (PowerTrack II Commander, JTECH Medical, 
Salt Lake City, Utah, USA) according to procedures 
described elsewhere.30-32 In each trial the partici-
pants had four seconds to reach maximum isometric 
force production (i.e. hip extension, hip abduction 
and knee flexion). The participants performed three 
MVC trials for each muscle group separated by 30 

seconds of rest to avoid fatigue, receiving strong ver-
bal encouragement. The trial with highest (maxi-
mum) isometric force production for each muscle 
group was selected for later analysis.30 Maximal hip 
extensor, hip abductor and knee flexor muscle forces 
were normalized to body weight (N/kg bw).

Knee flexor muscle force: Maximal isometric knee 
flexor force was obtained with the participant lying 
prone on an examination table, the foot and ankle 
free of the edge of the couch, the knee in 10° flex-
ion, a handheld dynamometer placed 5 cm proximal 
from the medial malleolus, a strap (attached to the 
floor) wrapped around the ankle and the dynamom-
eter and then performing a maximal isometric knee 
flexion (Figure 1 A).31,32 Prior to each MVC trial it 
was ensured that the dynamometer was not regis-
tering any tension and that the leg was held closely 
against the strap to avoid any initial acceleration 
impact against the dynamometer. 

Figure 1. Muscle force (N) was measured with a handheld dynamometer and muscle activity was measured using bipolar sur-
face EMG recording. A. Maximal isometric knee fl exor force, B. Maximal isometric hip abductor force, C. Maximal isometric hip 
extensor force, D. Side cutting maneuver in the 3D motion analysis laboratory. The left foot is placed on the force plate.
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Hip abductor muscle force: Maximal hip abductor 
force was obtained with the participant supine on 
the examination couch, the test leg lifted 1 cm above 
the surface of the couch and 20° of hip abduction. 
In this position the dynamometer was positioned 
against the lateral side of the lower leg 5 cm proxi-
mal from the medial malleolus and a maximal iso-
metric hip abduction trial was performed against the 
researcher (Figure 1 B).30,31 

Hip extensor muscle force: Maximal hip extensor 
force was obtained using a set-up similar to that of 
knee flexor MVC testing except that the knee joint was 
fully extended and the instruction was to maximally 
extend the hip and not flex the knee (Figure 1 C).30,31

Sidecutting (SC) 
As described in detail previously 18,27 the participants 
started five meters in front of an instrumented force 
plate and were instructed to perform the SC maneu-
ver as fast and powerfully as possible to simulate 
an in-game situation (Figure 1 D). To best simulate 
a match situation neither cutting angle nor run-in 
speed was standardized. To ensure that the partici-
pants were able to move freely during the SC test 

all the EMG-electrodes were connected to a wireless 
transmitter placed on the participants back. The test 
was repeated until three approved SC trials were cap-
tured. The mean of the recorded EMG-signal ampli-
tudes from the three approved SC trials was calculated 
for each muscle, respectively, for later analysis.18,27 

EMG signal processing 
For each muscle (Gmax, Gmed, BF and ST) all EMG 
recordings were high-pass filtered using 4th order 
zero-lag Butterworth filter and subsequently smooth-
ened using a root-mean-squared (RMS) filter (30-ms 
symmetrical moving window with successive 1-ms 
steps). EMG-signal amplitudes recorded from the 
three SC trials of each participant were normalized to 
the maximum RMS EMG amplitude recorded during 
MVC testing of the respective muscles (i.e. hip exten-
sor, hip abductor and knee flexor). Neuromuscular 
pre-activity during the SC maneuver thus refers to 
the mean normalized RMS EMG amplitude mea-
sured in the 10-ms time interval immediately pre-
ceding initial foot contact (time = 0) (Figure 2).17,18,27 
Details of the EMG signal processing procedure have 
been described in detail elsewhere.27

Figure 2. The mean RMS EMG amplitude during the 10-ms time interval prior to initial contact (dotted red lines) was calculated 
for the Gmax, Gmed, BF and ST muscles and normalized to the peak EMG amplitude obtained during MVC of the respective 
muscles examined.
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Statistical analysis
The Shapiro Wilk test was used to test for normal 
distribution of all obtained data. The EMG data 
were not normally distributed; consequently, it was 
decided to use non-parametric statistics and to pres-
ent data as medians with corresponding 10th-90th 
percentile ranges. Accordingly the non-parametric 
Spearman’s Rho Correlation test (rs) was used to test 
the relationship between the maximal isometric hip 
extensor, hip abductor and knee flexor muscle force 
(N/kg bw) versus Gmax, Gmed, BF and ST muscle 
pre-activity. The following values were used to char-
acterize the strength of correlation, 0.00-0.25 (no or 
poor relationship), 0.25-0.50 (low-to-moderate rela-
tionship), 0.50-0.75 (moderate-to-strong relationship) 
and above 0.75 (strong-to-excellent relationship).33 
Level of significance was set at 0.05 (two-tailed test-
ing). All statistical analyses were performed using 
Stata 11.2. No sample size estimation was conducted 
due to the explorative design of the study. 

RESULTS
Maximal isometric hip extensor, hip abductor and 
knee flexor force output in absolute (N), body mass 
normalized to terms (N/kg bw) and Gmax, Gmed, 
BF and ST pre-activity recorded during the sidecut-
ting maneuver, are presented in Table 2.

The results of the correlation analyses demonstrated 
poor and statistically non-significant correlations. 
Maximal hip extensor force (N/kg bw) and Gmax pre-
activity [rs = 0.012 (95% CI -0.202 – 0.224), p = 0.91], 
maximal hip abductor force (N/kg bw) and Gmed pre-
activity [rs = 0.171 (95% CI -0.044 – 0.371), p = 0.11], 
maximal knee flexor force (N/kg bw) and BF pre-
activity [rs = 0.049 (95% CI -0.166 – 0.259), p = 0.65], 
and maximal knee flexor force and ST pre-activity 
[rs = 0.085 (95% CI -0.131 – 0.293), p = 0.44] (Table 3).

DISCUSSION
The results of the present study did not identify 
any systematic relationship between the maximal 

Table 2. Characteristics of maximal isometric hip extensor, hip abductor and 
knee fl exor force output, normalized to body weight maximal isometric hip 
extensor, hip abductor and knee fl exor force output (N/kg bw) and Gmax, 
Gmed, BF and ST pre-activity.
n = 85 Median 10th – 90th percentiles
Maximal hip extensor force (N) 246 200 - 289
Maximal hip abductor force (N) 169 140 - 206
Maximal knee flexor force (N) 261 222 - 308
Maximal hip extensor force normalized to body weight (N/kg bw) 3.8 2.9 – 4.3
Maximal hip abductor force normalized to body weight (N/kg bw) 2.5 2.2 - 2.9
Maximal knee flexor force normalized to body weight (N/kg bw) 4.0 3.4 - 4.7

 %47 - 41 %14 *)CVM %( ytivitca-erp xamG
 %801 - 33 %66 †)CVM %( ytivitca-erp demG
 %64 - 21 %03 ‡)CVM %( ytivitca-erp FB
 %77 - 22 %14 ‡)CVM %( ytivitca-erp TS

N = Newton, N/kg bw = Newton per kilograms of body weight, Gmax = gluteus maximus, Gmed = gluteus medius, BF = biceps 
femoris, ST = semitendinosus, MVC = maximal voluntary (isometric) contraction. Percent of maximal EMG activity measured during 
sidecutting and normalized to maximal isometric hip extensor*, hip abductor† and knee flexor‡ contraction EMG activity. Median 
and 10th – 90th percentiles.

Table 3. Correlation analyses of the maximal isometric hip extensor, hip 
abductor and knee fl exor muscle force (N/kg bw) versus Gmax, Gmed, BF 
and ST muscle pre-activity.

r 95% CI p-value 
Gmax pre-activity vs. Hip extensor force (N/kg bw)* 0.012 -0.202 – 0.224 0.91 
Gmed pre-activity vs. Hip abductor force (N/kg bw)* 0.171 -0.044 – 0.371 0.11 
BF pre-activity vs. Knee flexor force (N/kg bw)* 0.049 -0.166 – 0.259 0.65 
ST pre-activity vs. Knee flexor force (N/kg bw)* 0.085 -0.131 – 0.293 0.44 
N/kg bw = Newton per kilograms of body weight, Gmax = gluteus maximus, Gmed = gluteus medius, BF = biceps femoris, ST 
= semitendinosus. *Spearman Rank Correlation test.
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isometric muscle strength of the hip extensors, 
hip abductors and knee flexors and the pre-activity 
of these muscles recorded during a standardized 
sidecutting maneuver. 

The cause of non-contact ACL injury is considered 
to be multifactorial with both lower extremity mus-
cle strength and muscle pre-activity suggested as 
contributing factors.2,5,6,17 Interestingly, the results 
of the present study show no relationship between 
these two factors (muscle strength and pre-activity); 
suggesting that high muscle strength not necessarily 
is accompanied by high muscle pre-activity during 
standardized sidecutting maneuver or vice versa in 
adolescent female handball and soccer elite athletes. 

With regard to the prevention of ACL injuries, recent 
systematic reviews have suggested that neuromus-
cular training (NMT) is effective for preventing 
lower limb injuries, i.e. reducing the incidence of 
non-contact ACL injuries.34-36 The concept of NMT 
involves multiple exercise options including muscle 
strengthening, balance/coordination, plyometric, 
and core exercises, altogether aiming at increasing 
muscle strength, improving postural balance control 
and muscle coordination during high-risk movement 
conditions related to non-contact ACL injury.34-36 

Interestingly, in a recent study Moeller and col-
leagues found that strength training was reported to 
be carried out more often in weekly training than 
‘balance training’ and/or ‘specific jump training’ 
(i.e. 2-5 times a week vs. 1-2 times a week, respec-
tively) among adolescent and senior elite handball 
players.37 The adolescent athletes examined in the 
present study are highly comparable to the ath-
letes recruited by Moller and colleagues in terms 
of gender, age, type of sport, experience with their 
sport and time spent on resistance training (Table 
1). While it is well established that strength training 
increases muscle strength via both increased neural 
drive to the muscles and gains in muscle cross-sec-
tional area,21,23,24 the present data indicate no rela-
tionship between maximal muscle strength and the 
pattern of pre-landing neuromuscular motor activ-
ity during a sidecutting maneuver. Speculatively, 
this suggests that, strength gains from e.g. resistance 
training may not necessarily result in adopting a 
certain type of pre-activity motor pattern, probably 

unless combined with other NMT modalities. Con-
versely, significant motor pattern re-modelling has 
been suggested to occur in response to NMT involv-
ing balance/coordination exercises, specific jump 
training and strength training.18-20 

Although recent meta-analyses emphasize the 
importance of including all types of NMT modalities 
in the prevention of non-contact ACL injuries,38,39 a 
possible explanation why resistance training may be 
prioritized higher than the other modalities of the 
NMT concept could be that besides increasing mus-
cle strength, resistance training is also documented 
to improve athletic performance ability e.g. making 
subjects jump higher or run faster.40,41 Interestingly, 
in this context, studies have found that plyometric 
exercises 42 and balance/coordination exercises 19,43 
have shown similar improvements in functional 
performance (e.g. comparable gains in maximal ver-
tical jump height), suggesting some transfer effect 
from these other exercises modalities of the NMT 
concept onto athletic performance gains. 

To describe the distribution of athletes with high or 
low muscle force and high or low muscle pre-activ-
ity during the standardized side-cutting manoeuvre 
a subsequent analysis was performed by dividing 
the plots from the correlation analyses into four 
median frames (A: low muscle force and high mus-
cle pre-activity, B: high muscle force and high mus-
cle pre-activity, C: low muscle force and low muscle 
pre-activity, D: high muscle force and low muscle 
pre-activity), e.g. maximal knee flexor force normal-
ized to body weight and normalized ST pre-activity 
(Figure 3, Figures for remaining muscles can be 
found in supplementary online material). This dis-
tribution divided the athletes into four subgroups for 
analysis. This supplemental analysis shows a simi-
lar distribution of participants in the four median 
subgroups (A-D) for all investigated muscles (Table 
4). Thus, there appear to be no tendency towards 
athletes clustering more in one median subgroup 
compared to the others. However, this analysis high-
lights one particular subgroup (Figure 3 C), namely 
athletes with both low muscle force and low muscle 
pre-activity representing a high total sum of risk 
factors.5,6,17 Thus, based on previous observations, 
the present study participants identified in median 
subgroup C may be expected to be at higher risk 
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of sustaining non-contact ACL injury compared to 
their fellow athletes (especially athletes in subgroup 
B: high muscle force and high muscle pre-activity) 
as they are found to have both risk factors (low 
muscle force and low muscle pre-activity), under-
lining the importance of initiating specialized and 
targeted NMT among this specific subpopulation of 
presumed high-risk athletes. 

Not only the present observations (no relationship 
exists between maximal lower extremity isometric 
muscle strength and lower extremity muscle pre-
activity during sidecutting) but also the fact that ply-
ometric and balance/coordination exercises seem 
poorly integrated in daily training among adoles-
cent female athletes 37 seems alarming bearing in 

mind the high risk of non-contact ACL injury in this 
particular population.1,44-47 Future preventive efforts 
should focus on implementing all types of NMT in 
the daily training routines, i.e. exercise programs fea-
turing training drills that target muscle strength, ply-
ometric, balance/coordination, and core exercises. 

LIMITATIONS
The present study participants were not asked to 
which extent they performed various sub-types 
(balance/coordination, plyometric and core exer-
cise) of NMT exercises. However, the participants in 
the present study were highly comparable to those 
recruited by Moller and coworkers in regard to age, 
gender, sport, level of competition and resistance 
training background.37 

There are some limitations to the MVC assessments. 
Isometric MVC assessments cannot provide specific 
information on individual muscle force contribu-
tions. Assessing muscle force with a handheld dyna-
mometer provides the muscle force produced in the 
assessed movement direction not the muscle force 
produced by specific muscles. E.g. when assessing 
hip abductor force, the prime mover is the gluteus 
medius, however, other hip abductor muscles con-
tribute as well. When assessing hip extensor force, 
contralateral hip flexor activation may have added 
to the force output. This could overestimate the 
recorded muscle force output. Also, isometric MCV 
assessments may not be representative of muscle 
activity during dynamic muscle actions.

Because only isometric muscle force was mea-
sured, a limitation to the current study is the lack 
of data on the rate of force development (RFD) dur-
ing the respective muscle contractions. This could 
potentially have provided an important input to 

Figure 3. Scatterplot of correlation between maximum knee 
fl exor force normalized to body weight (N/kg bw) and semi-
tendinosus pre-activity with median lines dividing the scat-
terplot into four frames; A = Low muscle force, High muscle 
pre-activity. B = High muscle force, High muscle pre-activity. 
C = Low muscle force, Low muscle pre-activity. D = High 
muscle force, Low muscle pre-activity.

Table 4. Supplemental analysis.
Athlete distribution in four median subgroups A B C D 
Gmax pre-activity and hip extensor force 
median, n (%) 20 (23.5) 24 (28.2) 23 (27.1) 18 (21.2) 
Gmed pre-activity and hip abductor force 
median, n (%) 16 (18.8) 26 (30.5) 22 (25.9) 21 (24.8) 
BF pre-activity and knee flexor force  
median, n (%) 23 (27.1) 19 (22.3) 20 (23.5) 23 (27.1) 
ST pre-activity and knee flexor force  
median, n (%) 18 (21.2) 23 (27.1) 24 (28.2) 20 (23.5) 
Gmax = gluteus maximus, Gmed = gluteus medius, BF = biceps femoris, ST = semitendinosus. Total n = 85. A = Low 
muscle force, High muscle pre-activity. B = High muscle force, High muscle pre-activity. C = Low muscle force, Low 
muscle pre-activity. D = High muscle force, Low muscle pre-activity. Median subgroups were determined by the median 
value of the two variables in the correlation analysis (isometric muscle strength and muscle pre-activity). 
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the present analysis, as RFD assessment previously 
have added further perspective on the aspect of non-
contact ACL injury in female soccer athletes.48 

CONCLUSIONS
In the present exploratory study, the results imply 
that no relationship exists between maximal lower 
extremity isometric muscle strength and lower 
extremity muscle pre-activity during sidecutting. 
This means that athletes with low muscle strength 
may not necessarily demonstrate high (or low) mus-
cle pre-activity during sidecutting - a well-known risk 
movement for sustaining non-contact ACL injury. 
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Supplementary File 1. Scatterplot of correlation between 
maximum knee fl exor force normalized to body weight (N/kg 
bw) and m. biceps femoris pre-activity with median lines 
dividing the scatterplot into four frames; A = Low muscle 
force, High muscle pre-activity. B = High muscle force, High 
muscle pre-activity. C = Low muscle force, Low muscle pre-
activity. D = High muscle force, Low muscle pre-activity.

Supplementary File 3. Scatterplot of correlation between 
maximum hip abductor force normalized to body weight (N/
kg bw) and m. gluteus medius pre-activity with median lines 
dividing the scatterplot into four frames; A = Low muscle 
force, High muscle pre-activity. B = High muscle force, High 
muscle pre-activity. C = Low muscle force, Low muscle pre-
activity. D = High muscle force, Low muscle pre-activity.

Supplementary File 2. Scatterplot of correlation between 
maximum hip extensor force normalized to body weight (N/
kg bw) and m. gluteus maximus pre-activity with median 
lines dividing the scatterplot into four frames; A = Low mus-
cle force, High muscle pre-activity. B = High muscle force, 
High muscle pre-activity. C = Low muscle force, Low muscle 
pre-activity. D = High muscle force, Low muscle pre-activity.
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ABSTRACT
Background: The lateral step-down test is an established clinical evaluation tool to assess quality of movement in 
patients with knee disorders. However, this test has not been investigated in individuals after anterior cruciate liga-
ment reconstruction (ACLR) in association with quantitative 3D motion analysis. 

Purposes: The purpose of this study was to determine the strength of association between visually-assessed quality 
of movement during the lateral step-down test and 3D lower limb kinematics in patients with history of ACLR. A 
second purpose was to compare kinematics between subgroups based on the presence or absence of faulty align-
ments during the task. The final purpose was to compare visually-assessed quality of movement scores between box 
heights during lateral step-down testing. 

Methods: Twenty subjects at least one year status post-ACLR (18 females, age of 24.5±4.6 years and body mass index 
of 23.4±2.3 kg/m2) performed the lateral step-down test unilaterally on the surgical limb atop four and six inch boxes. 
A board-certified orthopedic physical therapist scored overall quality of movement during the lateral step-down test 
using established criteria during 2D video playback. Lower limb kinematics were simultaneously collected using 3D 
motion capture. An alpha level of 0.05 was used for all statistical treatments. 

Results: Overall 2D quality of movement score significantly correlated (r=0.47-0.57) with 3D hip adduction and hip 
internal rotation across box heights. Across box heights, the presence of faulty pelvic alignment differentiated a sub-
group exhibiting less peak knee flexion, and the presence of faulty knee alignment differentiated a subgroup exhibit-
ing greater peak hip adduction. The six inch box elicited worse quality of movement compared to the four inch box. 

Conclusions: These results suggest that visually-assessed quality of movement is associated with several kinematic 
variables after ACLR. 2D movement deviations at the pelvis appear to consistently relate to less knee flexion, and 2D 
deviations at the knee appear to suggest greater hip adduction. Generally, poorer quality of movement was observed 
for the six inch box height. Clinically, these data suggest that interventions targeting hip abductor and knee extensor 
strength and neuromuscular control may be useful in the presence of poor quality of movement during lateral step-
down testing.

Level of Evidence: 2b

Key words: Anterior cruciate ligament reconstruction, lateral step-down test, movement, 2D motion analysis, 3D 
motion analysis
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INTRODUCTION
Anterior cruciate ligament reconstruction (ACLR) 
is the predominant standard of care for a ruptured 
ACL in the United States. The incidence of ACLR 
increased from 86,687 patients in 1994 to 129,836 
patients by 2006.1 The incidence rate for secondary 
ACL injury has been shown to be six times greater 
than for primary injury.2 Movement patterns in these 
individuals remain abnormal years after ACLR.3 Per-
haps of greatest concern, a three-fold increased risk 
of developing knee osteoarthritis has been shown in 
the ACLR knee compared to the contralateral knee 
14-years post-surgery.4 Based on these data, contem-
porary rehabilitation practices likely remain subop-
timal. As a component of the rehabilitative process, 
clinical evaluation tools capable of assessing quality 
of movement after ACLR merit further exploration. 

The lateral step-down (LSD) test is a well-estab-
lished clinical assessment of lower extremity qual-
ity of movement.5-16 This test aims to identify faulty 
movements at the trunk, pelvis and knee during a 
step-down maneuver off a box. Several rating sys-
tems have been adapted for visually scoring the LSD 
test.5,6,8 Rabin et al. used a modified version13 of pre-
viously established criteria5 and yielded excellent 
inter-rater reliability for visually assessing quality 
of movement in patients with patellofemoral pain 
syndrome. It has been reported that quality of move-
ment scores may be affected by decreased ankle 
dorsiflexion range of motion.14 

Associations between visually-assessed quality of 
movement using the LSD test and findings from 
an objective measure are relevant in establishing 
clinical usability of this test. Jones and colleagues11 
revealed observational ratings of frontal plane knee 
position during the LSD test using 2D video were 
related to the frontal plane projection angle. Rabin et 
al.16 showed that faulty pelvis and knee alignments 
during the LSD test were associated with greater 
peak knee external rotation, contralateral pelvic 
drop, and hip adduction during 3D motion capture. 
However, these studies were conducted on healthy 
individuals, and it is unclear how visually-assessed 
quality of movement relates to 3D movement in the 
ACLR population.

Therefore, the purpose of this study was to determine 
the strength of association between visually-assessed 

quality of movement during the lateral step-down 
test and 3D lower limb kinematics in patients with 
history of ACLR. A second purpose was to compare 
kinematics between subgroups based on the pres-
ence or absence of faulty alignments during the task. 
The final purpose was to compare visually-assessed 
quality of movement scores between box heights 
during lateral step-down testing.

METHODS

Subjects
Twenty individuals between the ages 18-40 with a 
history of unilateral ACL reconstruction at least one 
year prior were recruited from a university setting 
via electronic and paper advertisements. All sub-
jects completed formal rehabilitation and had been 
cleared by a physician for return to sport if an ath-
lete. Subjects with any other recent (six months) or 
current spinal or lower extremity pathology were 
excluded. This study was approved by the university 
Institutional Review Board and written informed 
consent was obtained for all subjects. Height was 
then measured using a stadiometer upon arrival to 
the laboratory environment. 

Ankle Dorsifl exion Range of Motion
Weight-bearing ankle dorsiflexion range of motion 
was measured using a lunge test as previously 
described and found to be highly reliable.12 In brief, 
a 1 m piece of tape was fixed on the floor perpendic-
ular to a wall. Subjects stood in bare feet while the 
researcher placed a black sticker 15 cm distal to the 
tibial tuberosity. Next, subjects faced the wall and 
positioned the test foot such that the second toe and 
heel lay directly over the tape. Subjects then placed 
the palms of their hands against the wall in front 
of them and were instructed to lunge as far forward 
as possible without lifting the heel of the test foot 
off the ground. The researcher then positioned a 
smartphone running a digital inclinometer applica-
tion (iHandy Level, iHandySoft Inc, NY, USA) over 
the tibial sticker and dorsiflexion range of motion 
was recorded. Use of this particular inclinometer 
application has been found to have good intra-rater 
and inter-rater reliability for spinal measures (ICC 
> 0.80).   17 Three measures were recorded and aver-
aged for the test limb. 
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Motion Capture Preparation
An eight-camera motion capture system (VICON, 
Centennial, CO, USA) was used to collect kinematic 
data (150 Hz). In preparation for motion capture, 47 
reflective markers were placed on the subject’s bilat-
eral lower extremities and pelvis: L5-S1 interspinous 
space, iliac crests, anterior superior iliac spines, 
greater trochanters, medial and lateral femoral con-
dyles, medial and lateral tibial plateaus, medial and 
lateral malleoli, first and fifth metatarsal heads, 
the distal feet, and the proximal, distal, and lateral 
heels. Four rigid clusters of four tracking markers 
were placed bilaterally on the distal posterolateral 
thighs and shanks. Static standing and functional hip 
motion trials were captured to later build and define 
segment coordinate systems for the pelvis, thighs, 
shanks and feet. 

Lateral Step-down Test
The LSD test was conducted according to the pro-
cedure used by Piva and colleagues.5 Subjects per-
formed the test unilaterally on both a four and six 
inch box. The two conditions were tested in random 
order. Prior to the first condition, the investigator 
demonstrated the LSD maneuver. Subjects were 
instructed to place hands on their hips and stand 
with the test limb on the edge of the box. The con-
tralateral limb hung off the side of the box with the 
knee in full extension and foot fully dorsiflexed. To 
initiate the movement, subjects were instructed to 
bend the test limb and lower themselves until the 
contralateral heel tapped a floor-level force plate 
(BERTEC Corp., Worthington, OH, USA) and return 
to the starting position. The force data were cap-
tured (1500 Hz) to confirm heel touch on each rep-
etition. Subjects were allowed to practice the LSD 
for familiarization prior to each condition as needed. 
Six continuous repetitions were performed for each 
condition at a self-selected pace, with the middle 
four repetitions extracted for analysis. Two minute 
rest periods between conditions were used. 

Data Processing
Marker trajectories were labelled and gap-filled 
in Vicon Nexus. Trials were then exported in c3d 
file format and post-processed using Visual 3D 
(C-motion, Bethesda, MD, USA) software. Angle 
data were derived using an X (flexion/extension) -Y 

(adduction/abduction) -Z (internal/external rota-
tion) Cardan rotation sequence. Kinematic variables 
of interest included frontal, sagittal, and transverse 
plane peak hip and knee joint angles, as well as 
peak ankle dorsiflexion, and peak contralateral pel-
vic drop. Custom software was used to extract the 
discrete variables from the data (Labview 2010, 
National Instruments, Austin, TX, USA). 

2D Digital Video Assessment
The LSD test was video recorded at 30 Hz using the 
camera from an iPhone 5c (Apple Inc., Cupertino, 
CA, USA). The camera was mounted on a tripod posi-
tioned 3 m in front of the subject at a height of 31 
inches and in portrait orientation. Quality of move-
ment was scored using a modified version of previ-
ously established criteria5 assessing five aspects of 
the movement: arm strategy, trunk alignment, pelvis 
plane, knee position, and steady stance. Each aspect 
of the movement was individually scored. A score of 
0 was given if the aspect of movement was deemed 
“not faulty”. A score of 1 was given if movement devi-
ations occurred, deeming the aspect of movement 
as “faulty”. Movement deviations included: hand 
removed from waist, trunk leaning in any direction, 
contralateral pelvic drop or rotation, or wavering 
on tested limb and/or stepping down on non-tested 
limb. For knee position, subjects received a score of 
1 if the tibial tuberosity was medial to the second toe 
and 2 if the tibial tuberosity was medial to the entire 
medial border of the foot (Figure 1). The possible 
range in aggregate score was 0 to 6. A physical thera-
pist with board certification as an orthopedic clinical 
specialist rated both LSD conditions.

Self-report questionnaires
Each subject completed the International Knee 
Documentation Committee (IKDC) Subjective Knee 
Evaluation Form, Tegner Activity Scale (TAS), and 
an intake form. In patients with various knee dis-
orders, the IKDC has been found to be a valid and 
reliable questionnaire to assess knee symptoms, 
function, and sports activity.18 The TAS is an activity 
rating system with established reliability, validity, 
and responsiveness for individuals with ACL inju-
ries.19 The intake form gathered further descriptive 
information including limb dominance, graft type, 
surgical and rehabilitation history, age, and sex.
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Statistical Analysis
Associations between the aggregate score for qual-
ity of movement and the target kinematic variables 
were assessed using Spearman’s rank correlation 
coefficients. Separate Mann-Whitney U tests were 
used to compare each kinematic variable by groups 
determined by the observational ratings for the pel-
vis and knee.16 Paired t-tests were used to determine 
differences in the kinematic variables between the 
two box heights. A Wilcoxon Signed Ranks test was 
used to compare the number of movement devia-
tions exhibited between box heights. An alpha level 
of 0.05 was used for all tests. Data were analyzed 
using SPSS 23.0 (IBM Corp, Armonk, NY, USA).

RESULTS

Subjects
Descriptive data are presented in Table 1. Weight 
bearing ankle dorsiflexion range of motion was con-
sistent with previously reported means for healthy 
individuals with at least a score of 2 on the Piva cri-
teria.12,13 The average time since surgery was nearly 
five years. Average current activity level represented 

participation in recreational or competitive sports at 
least five times per week.

Spearman’s Correlations
Spearman’s correlations between overall quality of 
movement score and kinematic variables are dis-
played in Table 2. Positive correlations between 
visually-assessed quality of movement and peak 
hip adduction and internal rotation were seen dur-
ing performances on both the four and six inch box. 
Additionally, correlations were seen between overall 
quality of movement and contralateral pelvic drop, 
peak knee flexion, abduction, and internal rotation 
only on the four inch box.

Kinematics by Knee Position Score(s)
Kinematic variables among individuals with “not 
faulty” and “faulty” knee positions are displayed in 
Table 3. A knee position score of 1 did not differenti-
ate any kinematic variables for either box height. A 
knee position score of 2 differentiated greater peak 

Figure 1. “Not faulty” knee alignment scored as a 0. Figure 2. “Faulty” knee alignment scored as a 1 as the tibial 
tuberosity was medial to the 2nd toe but not medial to the 
medial border of the foot.
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Table 1. Subject demographics (mean ± standard deviation).
Sex
Age (years) 

18 females; 2 males 
24.55 ± 4.61 

 80.0 ± 17.1 )m( thgieH
 37.9 ± 53.86 )gk( thgieW

Body mass index (kg/m2  23.2 ± 63.32 )
Ankle dorsiflexion range of   48.6  ± 84.74 )seerged( noitom

 02.83 ± 08.65 )shtnom( yregrus ecnis emiT
  22.7 ± 61.38 erocs eettimmoC noitatnemucoD eenK lanoitanretnI
  49.1 ± 09.6 erocs elacS ytivitcA rengeT

Table 2. Spearman’s correlations between overall quality of movement score 
and kinematic variables for the pelvis, hip, and knee at different box heights.

* indicates statistically significant difference 

 xob hcni-6              xob hcni-4                         
Kinematic variables Correlation 

Coefficient
p-value Correlation 

Coefficient
p-value

Contralateral pelvic drop -0.51 0.02* -0.15 0.54 
Hip flexion 0.04 0.86 0.09 0.72 
Hip adduction 0.57 < 0.01* 0.51 0.02* 
Hip internal rotation 0.55 0.01* 0.41 0.07 
Knee flexion 0.75 < 0.01* 0.26 0.26 
Knee adduction 0.15 0.52 -0.05 0.82 
Knee abduction 0.56 0.01* 0.35 0.14 
Knee internal rotation 0.55 0.01* 0.12 0.61 

Table 3. Kinematic variables presented as mean (SD) among individuals with “not faulty” and “faulty” 
knee positions, by box height.

*Indicates statistically significant difference 

1foerocS Score of 2 
Kinematic 
Variables 

4-inch box 6-inch box 4-inch box 6-inch box 

 Not 
Faulty
(n=8)

Faulty
(n=12) 

p Not
Faulty
(n=5)

Faulty
(n=15) 

p Not
Faulty
(n=17) 

Faulty
(n=3)

p Not
Faulty
(n=18) 

Faulty
(n=2)

p

Contralateral
pelvic drop 

-2.0
(2.3

-3.2
(3.2) 

0.32 -6.4 
(3.6) 

-6.1
(3.5) 

0.90 -2.1 
(2.7) 

-6.3
(0.3) 

0.02* -5.7 
(3.3) 

-9.9
(2.7) 

0.10 

Hip
flexion

29.1
(10.7) 

28.5
(7.0) 

0.82 39.4 
(10.5) 

38.6
(7.0) 

0.90 28.2 
(9.0) 

31.3
(4.2) 

0.37 38.3 
(8.0) 

43.3
(2.9) 

0.31 

Hip
adduction 

14.9
(3.9) 

18.7
(3.7) 

0.06 20.8 
(3.3) 

24.1
(5.7) 

0.32 16.3 
(3.9) 

21.9
(1.2) 

0.02* 22.4 
(4.9) 

30.6
(3.3) 

0.04* 

Hip
internal
rotation

5.2
(5.2) 

8.3
(5.9) 

0.22 6.4 
(5.2) 

10.0
(5.1) 

0.18 5.8 
(5.2) 

14.3
(0.9) 

0.02* 8.3 
(4.9) 

16.2
(1.4) 

0.06 

Knee
flexion

-47.9
(6.1) 

-45.2
(4.1) 

0.25 -54.3 
(5.2) 

-57.9
(6.3) 

0.28 -46.7 
(5.3) 

-43.7
(2.3) 

0.32 -56.8 
(6.3) 

-58.7
(6.1) 

0.71 

Knee
adduction 

1.2
(2.4) 

-0.2
(2.7) 

0.28 1.2 
(3.4) 

0.6
(2.6) 

0.76 0.2 
(2.8) 

0.8
(1.7) 

0.79 0.7 
(2.8) 

1.6
(2.0) 

0.61 

Knee
abduction 

-4.6
(3.5) 

-4.8
(2.8) 

0.82 -3.8 
(4.0) 

-4.6
(2.5) 

0.63 -5.0 
(3.1) 

-2.8
(1.6) 

0.19 -4.9 
(2.5) 

0.0
(0.3) 

0.03* 

Knee internal 
rotation

4.7
(5.1) 

8.3
(5.9) 

0.17 4.3 
(5.6) 

4.1
(4.8) 

0.76 5.6 
(5.2) 

14.3
(0.9) 

0.02* 4.7 
(4.7) 

-0.4
(4.9) 

0.13 
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pelvic drop, hip adduction, and hip and knee inter-
nal rotation on the four inch box. A knee position 
score of 2 differentiated greater hip adduction and 
less knee abduction on the six inch box. 

Kinematics by Pelvis Position Score 
Kinematic variables among individuals with “not 
faulty” and “faulty” pelvis positions are displayed 
in Table 4. Faulty pelvis alignment differentiated 
less knee flexion for both the four and six inch box 

conditions, as well as greater hip internal rotation 
and less knee abduction for the six inch box. 

Comparisons by Box Height 
Kinematic differences between the four and six inch 
box heights are displayed in Table 5. The six inch 
box condition displayed significantly greater pelvic 
drop, hip and knee flexion, hip and knee adduction, 
and hip internal rotation compared to the four inch 
box condition. The median scores on the Piva et al.5 

Table 4. Kinematic variables presented as mean (SD) among individuals with “not faulty” and “faulty” pelvis 
positions, by box height.

* indicates statistically significant difference 

xobhcni-6xobhcni-4
Kinematic variables Not Faulty 

(n=7)
Faulty
(n=13) 

p Not Faulty 
(n=6)

Faulty
(n=14) 

p

Contralateral pelvic drop -1.5 
(2.8) 

-3.4
(2.8) 

0.10 -5.3 
(3.2) 

-6.5
(3.6) 

0.56 

Hip flexion 27.4 
(7.9) 

29.4 
(8.9) 

0.84 42.0 
(5.3) 

37.4 
(8.4) 

0.22 

Hip adduction 15.3 
(4.1) 

18.1 
(4.0) 

0.10 20.1 
(2.5) 

24.6 
(5.7) 

0.08 

Hip internal rotation 5.2 
(6.1) 

8.0 
(5.5) 

0.29 4.3 
(2.1) 

11.1 
(4.8) 

<0.01* 

Knee flexion -51.3 
(3.8) 

-43.6 
(3.3) 

< 0.01* -61.2 
(4.4) 

-55.2 
(6.0) 

0.03* 

Knee adduction 0.1 
1.9) 

0.4 
(3.0) 

0.61 -0.2 
(2.1) 

1.2 
(2.9) 

0.14 

Knee abduction -6.3 
(3.8) 

-3.8
(2.1) 

0.10 -6.7 
(1.7) 

-3.4
(2.6) 

<0.01* 

Knee internal rotation 5.2 
(6.1) 

7.7 
(5.6) 

0.36 4.7 
(2.1) 

3.9 
(5.7) 

0.87 

Table 5. Differences in kinematic variables between the 4- and 6-inch lateral 
step-downs.

 xob hcni-6 xob hcni-4 

Kinematic  
Variables

 Mean  Standard 
Deviation 

Mean Standard 
Deviation 

p-value

Contralateral pelvic 
drop

-2.7 2.9 -6.1 3.5 <0.01* 

Hip flexion 28.7 8.4 38.8 7.7 < 0.01* 

Hip internal rotation 7.1 5.7 9.1 5.2 < 0.01* 

Hip adduction 17.1 4.2 23.3 5.3 < 0.01* 

Knee flexion -46.3 5.1 -57.0 6.1 < 0.01* 

Knee internal rotation 6.9 5.8 4.2 4.8 0.21 

Knee adduction 0.3 2.7 0.8 2.7 0.02* 

Knee abduction -4.7 3.0 -4.4 2.8 0.42 

* indicates statistically significant difference 
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criteria for the four and six inch box height condi-
tions were 2 and 3, respectively. 

DISCUSSION
The purposes of the present study were to deter-
mine 1) the strength of association between 2D 
visual observation for quality of movement during 
the LSD test and lower limb kinematic variables 
using 3D motion capture in the ACLR population; 
2) to compare kinematics between subgroups based 
on the presence or absence of faulty pelvis and knee 
alignments; and 3) to compare the number of visu-
ally-assessed movement deviations during LSD test-
ing between box heights. Consistent with the first 
hypothesis, scores for overall quality of movement 
were shown to be correlated with several kinematic 
variables associated with ACL injury at the pelvis, 
hip, and knee. For the subgrouping hypothesis, 
across both box heights, greater 3D hip adduction 
and internal rotation was observed in those with 
faultier 2D knee alignments, and less 3D knee flex-
ion was seen in those with faulty 2D pelvis align-
ments. Finally, more 2D movement deviations were 
identified for the six inch test condition, suggesting 
box height is influential on total movement, reflected 
in deviation scoring.

As expected, overall 2D quality of movement was 
associated with 3D joint kinematics. On the four inch 
box, overall 2D quality of movement score moder-
ately correlated with most of the 3D variables related 
to ACL injury risk. Interestingly, on the six inch box, 
overall 2D quality of movement related to only two 
of the 3D parameters. Generally, across all vari-
ables, stronger relationships between overall quality 
of movement and all kinematic variables were seen 
for the four compared to six inch box height. This 
weaker association may be partly explained by the 
limitations of 2D assessment. As most 3D joint rota-
tions were greater in magnitude (Table 5) on the six 
inch box, particularly for the proximal assessments 
at the hip and knee, the potential to amplify 2D per-
spective errors may have also increased. Of interest, 
Jones et al.11 reported that the knee abduction angle 
did not differ across 2D observational rating groups 
for quality of movement during LSD testing in 
healthy individuals using box heights of 6-10 inches. 
This lack of relationship was also evident in the cur-
rent study. In another study evaluating single-leg 

squatting, no relationship was found between the 
2D knee frontal plane projection angle and 3D knee 
abduction angle, but rather an association with 3D 
hip adduction.20 These findings are again supported 
by the current data on the six inch step. No compa-
rable data using four inch step downs were found in 
the literature. The only 3D parameters that related 
to 2D overall quality of movement across box heights 
were peak hip adduction and peak hip internal rota-
tion, both of which are important in lower extremity 
injury risk and function. The consistency of these 
relationships across box heights suggests that 2D 
assessment of overall quality of movement is sensi-
tive to 3D peak hip adduction and internal rotation 
movement patterns. Including the current findings, 
most evidence suggests that 2D perspective errors 
associated with visual assessment of these tasks are 
of concern when compared to 3D analysis, but that 
more robust relationships may exist at the hip when 
compared to the knee. 

During the 2D assessment, the observation that the 
tibial tuberosity moved past the medial border of the 
foot yielded a knee position score of 2. This event dif-
ferentiated individuals after ACLR with increased hip 
adduction, hip internal rotation, knee internal rota-
tion, and contralateral pelvic drop for the four inch 
box height and increased hip adduction and decreased 
knee abduction on the six inch box height. Visualiza-
tion of a medialized knee was consistently associated 
with greater 3D hip adduction across box heights. A 
similar analysis16 reported greater amounts of knee 
external rotation with “faulty” knee alignment using a 
15 cm box, which is similar to the six inch box height 
used in the current study. However, Rabin and col-
leagues did not evaluate the knee position relation-
ship to 3D hip mechanics, did not observe any knee 
medialization past the medial border of the foot, and 
their study was conducted on a healthy sample.16 For 
the four inch box, individuals after ACLR with knee 
medialization past the medial border of the foot were 
differentiated by greater amounts of knee internal 
rotation. However, no comparable analyses on four 
inch LSD testing are available. 

The presence of “faulty” pelvic alignments consis-
tently differentiated individuals with decreased knee 
flexion for both the four and six inch box height and 
increased hip internal rotation and decreased knee 
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abduction for the six inch box height. These results 
suggest that increased contralateral pelvic drop may 
be used as a compensatory movement during the 
LSD test in order to avoid positions of deeper knee 
flexion. Diminished quadriceps strength has been 
shown to be associated with decreased knee flexion 
angles during single-legged hop and landing tasks in 
individuals after ACLR at the time of return to activ-
ity.21,22 Thus, decreased knee flexion angles seen in 
this study may be indicative of decreased quadriceps 
strength of the involved limb after ACLR. 

A greater number of overall movement deviations 
were observed on the six compared to four inch 
box height, as hypothesized. Median frequencies of 
scores for overall quality of movement were 2 and 
3 for the four and six inch box heights, respectively. 
For the four inch box height, 25% of individuals 
received scores of 0 and 1. Only 5% of individuals 
received scores of 0 or 1 for the six inch box height. 
These findings suggest that taller box height elic-
ited a greater number of movement deviations and 
may be useful in eliciting subtle deviation patterns. 
Other studies that have applied this rating system 
to assess quality of movement in healthy individu-
als during the LSD test reported that  60% and 31% 
of participants received a score of 0-1.12,16 The only 
other study to test a pathologic population reported 
38% of individuals with patellofemoral pain syn-
drome received a score of 0-1.13 These compara-
tive data suggest that individuals with a history of 
ACLR often exhibit worse quality of movement than 
healthy individuals, and perhaps even worse than 
those with patellofemoral pain syndrome.

This study has several limitations. First, it is unknown 
whether kinematic variables or visually-assessed 
movement deviations during the LSD test are asso-
ciated with risk for ACL re-injury. Thus, future work 
should aim to link movement patterns during the 
LSD test with kinematics relevant to ACL re-injury 
during other dynamic tasks such as the drop vertical 
jump. Second, data from this study was limited to 
the involved limb. Incorporation of a healthy con-
trol group may be useful in identifying movement 
deviations unique to the ACLR population during 
the LSD test. Finally, this study did not explore the 
frontal plane projection angle. As this is another 
readily available 2D assessment approach that may 

be used to evaluate movement, it is possible that a 
combined assessment approach using the LSD scor-
ing and frontal plane projection angle would have 
greater clinical utility than either approach alone. 
Finally, the study utilized a smaller sample, which 
may have inhibited the subgroup comparisons. 

CONCLUSION
In conclusion, these results suggest that poorer 
visually-assessed quality of movement during the 
LSD test is associated with increased hip adduction 
and hip internal rotation after ACLR. 2D movement 
deviations at the pelvis appear to consistently relate 
to less knee flexion, and 2D deviations at the knee 
appear to suggest greater hip adduction. Generally, 
poorer quality of movement was observed during 
LSD performance using the six inch box height. Clin-
ically, these data suggest that interventions targeting 
hip abductor, hip lateral rotator, and knee extensor 
strength and neuromuscular control may be useful 
in the presence of poor quality of movement during 
lateral step-down testing.
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ABSTRACT
Background: Two-dimensional (2D) analysis has the potential to identify individuals at risk for knee injury by measuring genu 
valgus during sport related tasks. The reliability of 2D mobile motion analysis in measuring genu valgus during a single leg hop test 
on individuals with anterior knee pain has not been examined. 

Purpose: To assess the reliability and concurrent validity of 2D mobile motion analysis and compare it to visual observation while 
analyzing dynamic genu valgus during a single leg hop test in subjects with anterior knee pain.

Study Design: Cohort study; repeated measures

Methods: Nineteen subjects experiencing anterior knee pain completed a single leg hop test with both lower extremities. Two 
investigators independently estimated the degrees of genu valgus with visual observation alone during the subjects’ single leg hop. 
After the visual estimation, the investigators watched the video again using the 2D Spark Motion Pro™ application to pause the 
video and measured the amount of knee valgus with a virtual goniometer tool on the application. Interrater reliability was calcu-
lated using intraclass correlation coefficients (ICC) model 2, k and intrarater rater reliability using model 3, k. Minimal detectable 
change, concurrent validity and limits of agreement were calculated. 

Results: Visual observation alone demonstrated interrater reliability ICCs of 0.682-0.685 on the symptomatic and non-symptomatic 
lower extremities respectively. The interrater reliability using the 2D application had ICC’s of 0.927 and 0.792 on the symptomatic 
and non-symptomatic lower extremities respectively. The concurrent validity for 2D analysis and visual observation on the symp-
tomatic lower extremity had ICC values of 0.96 (rater A) and 0.85 (rater B). The non-symptomatic lower extremity demonstrated 
concurrent validity ICC values of 0.95(rater A) and 0.65(rater B). The standard error of measurement(SEM) was 3.89� and 3.25� for 
the symptomatic and non-symptomatic lower extremity(LE) respectively for visual observation. When using the Spark Motion 
Pro™ application the SEM was 1.64� and 2.71� for the symptomatic and non-symptomatic LE respectively. The minimal detectable 
change (MDC) using visual observation alone was 5.5� and 4.6�. When using the application, it was noted at 2.32� and 3.83� on the 
symptomatic and non-symptomatic LE respectively. 

Conclusion: The results of this study support the use of a 2D mobile application as a reliable tool for measuring knee valgus in 
symptomatic subjects and offers reduced error (SEM= 1.64�) when compared to visual observation alone (SEM= 3.89�).

Level of evidence: 2B

Key words: genu valgus, injury prevention, injury screening, two-dimensional 
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The advantages of these alternatives include applica-
bility, availability, minimal expense, practicality, and 
ease of use. However, when using visual observa-
tion alone, Ekegren et al.14 described the sensitivity 
of objectifying genu valgus during a drop jump task 
to range between 67% to 87% when compared to the 
gold standard of 3D analysis. This resulted in one-third 
of the tested athletes failing to be labeled as “high risk” 
who were labeled as such by 3D analysis. Therefore, it 
was concluded that adequate assessment of knee val-
gus angles during sport specific tasks is questionable 
without the use of technological resources. 14 

The use of 2D video assessment of human movement 
has been demonstrated to be a valid and reliable 
alternative in measuring dynamic movement tasks 
when 3D analysis is not available.15,16 Munro et al.15 

reported intraclass correlation coefficient (ICC) val-
ues between .83 and .88 in males and females respec-
tively when measuring the reliability of 2D video 
analysis of frontal plane projection angles during a 
drop jump task. They concluded that in the absence 
of access to 3D motion analysis, this method can 
be used to reliably quantify genu valgus values. In 
another study, McLean et al.17 examined 3D analysis 
vs. a 2D standard video measurement technique to 
determine its potential to screen for excessive genu 
valgus in elite basketball players. Although their 2D 
measurement technique demonstrated greater fron-
tal plane knee angles when compared to 3D mea-
sures, the researchers determined 2D analysis to be 
a reliable method for identifying increased genu val-
gus. It appears that 2D analysis may appropriately 
identify athletes who demonstrate an increased risk 
of injury.17 To the authors knowledge, despite the 
aforementioned research, no study has evaluated the 
reliability of 2D motion analysis in measuring genu 
valgus among individuals with knee pain. The objec-
tives of this study were as follows: To assess the reli-
ability and concurrent validity of 2D mobile motion 
analysis and compare it to visual observation while 
analyzing dynamic genu valgus during a single leg 
hop test in subjects with anterior knee pain.

METHODS

Subjects
Nineteen adult subjects, (female n=12; male 
n=7, average age 28.5 years, +/- 7.29), who were 

INTRODUCTION
According to the National Collegiate Athletic Asso-
ciation (NCAA), lower extremity injuries comprise 
more than 50% of all total injuries occurring in col-
legiate athletes.1 Approximately 37% of these were 
caused by non-contact mechanisms. Throughout a 
ten-year study, Majewski et al.2 followed 17,397 ath-
letes during their athletic careers. They discovered 
40% of the total injuries that occurred were related 
to the knee joint, with anterior cruciate ligament 
(ACL) tears comprising 20.3%, medial meniscal 
tears accounting for 10.8%, lateral meniscus tears 
3.7%, medial collateral ligament tears 7.9%, and 
lateral collateral ligament injuries 1.1%. In a study 
evaluating running related injuries, 42.1% of the 
injuries involved the knee joint.3 

The risk for knee injury with increased dynamic 
valgus during landing has been evaluated over the 
last two decades.4-8 Movement patterns that result 
in hip adduction, hip internal rotation, tibial abduc-
tion and foot pronation have been related to anterior 
knee pain and patellofemoral pain syndrome during 
dynamic sport related tasks.3,6,8,9,10 Specifically, in a 
prospective study of 205 female athletes followed by 
Hewett et al.,6 hip abduction moments had a sensi-
tivity of 78% and specificity of 73% for predicting 
ACL injury.6 A 2.5 time increase in knee abduction 
moments (p<.001) in athletes who went on to suf-
fer an ACL injury was discovered by the authors .6 
There is strong evidence to suggest that incorpora-
tion of injury prevention programs has the potential 
to reduce knee injury rates.11,12,13 These programs, 
which include neuromuscular and proprioceptive 
training have been found to reduce knee and ACL 
injury by 26.9% and 50% respectively.12  Therefore, 
effort must be made to identify reliable methods in 
which to recognize faulty movement patterns and 
initiate interventions to reduce probability for injury.  

The use of 3D motion capture systems and force plates 
is well known to be the gold standard for kinematic 
analysis during movement. This type of system, which 
is typically used in a laboratory setting, is not univer-
sally available. Additionally, use of such systems is 
costly and requires extensive set-up and education. 
Two alternate resources available for use in assisting in 
quantifying joint angles during functional sport specific 
tasks include 2D video analysis and visual observation. 
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activity level scale. The Tegner activity level scale 
has been used in similar studies to ascertain if a 
subject will be able to tolerate the single leg hop.19 
The Tegner activity scale consists of a self-reporting 
10-item level scale ranging from level 0 (sick leave 
or disability pension because of knee problems) to 
level 10 (competitive sports-soccer, football, rugby, 
national elite). The subjects were required to rate 
themselves at pre-symptom level and current level 
of function. The single leg hop test has demon-
strated ICC’s ranging from .93 to .96 for prediction of 
dynamic knee stability.20 It has the potential to dem-
onstrate insufficiencies in functional knee stability 
in healthy subjects.20 

After completion of the Tegner activity scale, the 
subject watched an investigator perform a single 
leg hop in the designated testing area and questions 
were answered to ensure the subject had a verbal 
understanding of the expected activity. No cuing on 
mechanics or posture was provided to avoid coach-
ing bias. The subjects advised the investigator which 
knee was symptomatic and hopped as far as possible 
with their non-symptomatic lower extremity while 
keeping their balance for a minimum of two sec-
onds. If the subject was unable to maintain their bal-
ance for at least two seconds, a 30 second rest period 
was provided and another attempt at the single leg 
hop was made. Once this reference hop distance 
was made, athletic tape was placed on the ground 
to mark this location. The subjects then had a one-
minute rest period, while the investigators set up 
the tripod and equipment for video analysis. The tri-
pod was placed five feet from the reference landing 
location to maintain universal distance from record-
ing to landing point and avoid variations in depth of 
field during video analysis angle measurements. 

Once the landing spot was determined and equip-
ment was set-up accordingly, testing began. The 
subject performed a single leg hop on their non-
symptomatic lower extremity to the designated 
marked location, maintained the landing for two sec-
onds and received a 60 second rest period between 
each of three trials. The same occurred on the symp-
tomatic lower extremity. If the subject was unable 
to maintain the qualifications of a successful hop 
as described above, a rest period of 60 seconds was 
provided and another hop was performed. When 

experiencing anterior knee pain for no greater than 
twelve months, were recruited from the local com-
munity using brochures displayed at two hospital 
based fitness facilities over the course of six months. 
Anterior knee pain, as characterized by Cook et al.18 
was defined as having at least two of the three follow-
ing characteristics; pain with squatting, peripatellar 
palpable tenderness and/or pain with resisted knee 
extension. In addition to anterior knee pain, inclusion 
criteria consisted of being between 18 and 40 years of 
age and a pre-symptom score of five or greater on the 
Tegner activity scale.19 Patients between the ages of 18 
and 40 years old were chosen for two reasons. Firstly, 
to eliminate the need for parental consent and sec-
ondly this is the most common age range which the 
authors treat this population in their clinics. The 
pre-symptom score of ≥ level 5 on the Tegner scale 
was chosen based on the Tegner et al.19 recommenda-
tion, as the point of tolerance and ability to perform 
a single leg hop test. Subjects were excluded from the 
study if they were unable to read or speak English 
as required for understanding forms and instructions, 
were currently participating in a structured strength 
and conditioning program, had a history of knee sur-
gery, or were unable to perform a single leg hop. This 
study was approved by the Institutional Review Board 
of Florida Hospital- Adventist Health System and all 
subjects meeting inclusion criteria consented to par-
ticipate. Subjects provided demographic information 
including age, height, mass, dominant leg, symptom-
atic lower extremity, gender, and health status. 

Instruments
The Spa rk motion Pro™ application was downloaded 
from the Apple App store to a fourth generation 
iPad© on the IOS 6.0.1 operating system. The iPad© 

had a display of 9.7 inches, 2,048 x 1,536-pixel color 
IPS LCD display with a 4:3 aspect ratio and captured 
video at 30 frames per second. The iPad© was placed 
on a 2014 Manfrotto compact, aluminum tripod with 
the amazon standard identification number (ASIN, 
B00L6CBKaK). An Adonit Jot Pro fine point precision 
stylus, (ASIN, B00931K1QK), was used to measure 
genu valgus with the applications goniometer tool.

Procedures
Upon agreeing to participate and receiving docu-
mentation of consent, subjects completed the Tegner 
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using the Spark Motion Pro™ goniometer. The genu 
valgus measured in Figure 1 using the application 
was recorded as 19 degrees by subtracting 180 (verti-
cal) from 199. 

Statistical methods
SPSS version 15.0 for Windows was utilized for statis-
tical analysis. Descriptive data including mean mea-
surement angles with standard deviations (SD) were 
calculated for each session. The ICC model 3, k was 
used for the intrarater component of analysis and 
model 2, k for the interrater reliability analysis. To 
analyze whether the Spark Motion Pro™ software can 
be used reliably between equally trained clinicians, 
model 2, k was used.21 A value of ≥ 0.75 was classi-
fied as having good reliability based on recommen-
dations of Portney and Watkins.21 Values below 0.75 
were classified as moderate to poor reliability. The 
minimal detectable change (MDC) was calculated 
using the following formula: (MDC95=1.96*SEM*). 
This formula was used to determine the magnitude 
of change that would exceed the threshold of mea-
surement error at 95% confidence level.21,22 The 95% 
limits of agreement were calculated by using the for-
mula: 95% limits of agreement = mean difference 
+/- 2SD. These values were rounded to the nearest 
degree to reflect the smallest unit of measurement on 
the virtual goniometric tool on the Spark Motion Pro™ 
application. An ICC model 3, k was used in the con-
current reliability analysis to determine if both meth-
ods of measurement analysis produced comparable 
results. ICC value interpretations were also based on 
the guidelines set forth by Portney and Watkins.21 

RESULTS
A total of nineteen adult subjects, 12 females and 
7 males were recruited. All subjects recruited and 
initially eligible were able to complete the single leg 
hop protocol. The average and standard deviation 
for participants’ age, mass, and height is described 
in Table 1. 

The interrater reliability for visual estimation of knee 
valgus during the single leg hop trials is depicted in 
Table 2. The ICC for visual estimate alone (Table 2) 
demonstrates poor reliability (.682-.685). The mean, 
standard deviation, ICC, SEM, and MDC95 were 
calculated for the symptomatic (painful) and non-
symptomatic (non-painful) lower extremities. 

the first three successful hops were completed and 
recorded on the non-symptomatic lower extremity, 
a three-minute rest period was provided prior to 
initiation of the symptomatic lower extremity hop 
trials.

After all trials and video recording were complete 
visual estimation of genu valgus was performed. Two 
investigators blinded to each other’s results (both 
Doctors of physical therapy and familiar with the use 
of video analysis) visually estimated the degrees of 
genu valgus during a single video play of each trial 
hop. Genu valgus was estimated at the point where 
knee eccentric momentum ended and the subject 
began their return into knee extension. After each 
investigator completed the visual estimation alone 
analysis, the goniometric tool on the application was 
utilized to measure genu valgus. The same still video 
image was utilized by the same examiner for both 
the visual estimation analysis and the goniometric 
measurement analysis using the application. The 
reference points used for both visual estimation and 
goniometric measurements were the anterior supe-
rior iliac spine (ASIS), a line bisecting the medial 
and lateral femoral condyles and a line bisecting the 
medial and lateral malleoli at the talocrural joint. 
Frontal plane knee collapse was measured as the dif-
ference from a vertical line (180 degrees), with varus 
recorded as a negative value and valgus as a posi-
tive value. Figure 1 demonstrates a subject’s single 
leg hop with associated goniometric measurement 

Figure 1. Single leg hop test using the Spark Motion Pro™ 
goniometer for measurement of the degrees of genu valgus. 
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extremities. The ICC using the goniometer on the 
application demonstrated higher reliability (.927) 
on the symptomatic lower extremity than the non-
symptomatic extremity (.792). Table 4 presents the 
concurrent validity on the symptomatic extrem-
ity when comparing visual estimation and the use 
of the goniometer. The concurrent validity of the 
symptomatic lower extremity demonstrated an ICC 
of 0.96 for rater A and 0.85 for rater B(95% CI: 0.92-
0.99; 0.61-0.94 for rater A and B respectively) (Table 
4). Table 5 presents the concurrent validity of the 
non-symptomatic lower extremity (ICC= 0.954 and 
0.65; 95% CI: 0.88-0.98, 0.092-0.87 for rater A and B 
respectively). Reliability tended to be greater when 
evaluating the symptomatic lower extremity when 
compared to the non-symptomatic lower extremity.

DISCUSSION
To date, the reliability of 2D analysis of genu val-
gus during a single leg hop test has not been evalu-
ated on symptomatic subjects. Therefore, this study 

Table 3 presents the interrater reliability when using 
the Spark Motion Pro™ application goniometer func-
tion. The ICC when utilizing the Spark Motion Pro™ 
application (Table 3) with the goniometric function 
demonstrates good reliability in a range of .792-.927 
for both symptomatic and non-symptomatic lower 

Variable Mean (SD)

Age 28.53 (7.29) 

Height (cm) 171cm (10.07) 

Mass (kg) 69.73kgs (12.35) 

BMI 23.67 (2.15) 

Sex (% Female) 63.2% 

Leg Dominance (% Right) 94.7% 

Symptomatic LE (% Right) 42.1% 
SD: standard deviation; BMI: Body Mass Index 

Table 1. Demographics (n=19)

Rater A
Mean
angle (SD)

Rater B
Mean angle 
(SD)

ICC 2, k SEM° MDC° 

Symptomatic LE 6.37(6.89) 5.35(3.48) .682  3.89 5.50 

Non-symptomatic LE 6.46(5.79) 4.04(3.07) .685 3.25 4.60 
SD: standard deviation; ICC: intraclass coefficient; SEM: Standard error of measurement; and 
MDC₉₅: minimum detectable change at 95% confidence interval. 

Table 2. Interrater reliability of functional knee valgus using visual 
estimate during single leg hop

Rater A
Mean angle 
(SD)

Rater B
Mean angle 
(SD)

ICC 2, k SEM° MDC° 

Symptomatic 5.90(6.07) 6.63(5.52) .927   1.64 2.32 

Non-symptomatic 5.86(5.94) 4.67(3.91) .792 2.71 3.83 
SD: standard deviation; ICC; intraclass coefficient; SEM: standard error of the measurement; and 
MDC 95; minimum detectable change at 95% confidence level 

Table 3. Interrater reliability of functional knee valgus using Spark 
Motion Pro™ during single leg hop.

Rater ICC (3, k) 95% CI

A 0.96 0.92-0.99 

B 0.85 0.61-0.94 
ICC: intraclass correlation coefficient; CI: confidence interval 

Table 4. Concurrent validity of the symptomatic lower extremity using 
visual assessment and Spark Motion Pro™
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Table 2 demonstrates that when using visual estima-
tion alone, reliability tended to decrease when mea-
suring symptomatic and non-symptomatic lower 
extremity angles. The SEM and MDC between visual 
estimation and the Spark Motion Pro™ also demon-
strated some differences. The SEM for the symp-
tomatic and non-symptomatic LE was 3.89o and 3.25o 
respectively during visual estimation. When using the 
application, this decreased to 1.64o and 2.71o respec-
tively. This demonstrates the increased chance for 
error in measuring genu valgus when visual estima-
tion is used in isolation. The lower SEM calculated 
while using the 2D analysis application (1.64o) versus 
visual estimation (3.89o) demonstrates greater preci-
sion in measuring genu valgus when using techno-
logical resources. Nevertheless, the error rate is high 
with both assessment options as the SEM was in 
some cases close to 33% of the measurement.

Herrington et al.,24 set out to calculate normative 
values of genu valgus during a drop jump task for 
non-pathological subjects. The results of their study 
indicated that valgus measurements should be sym-
metrical and in the range of 7° to 10° for females and 3° 
to 8° for males.24 The researchers noted the potential 
risk for knee injury increases, if genu valgus values 
are larger than the normative observation. The results 
of the current study validate the importance of using 
methods or devices that decrease the opportunity for 
misclassification of at risk athletes. If valgus measure-
ments are determined to be outside the norm, injury 
prevention programs and rehabilitation have had 
some success in decreasing knee injury risk.25, 26 

The utility of implementation of injury prevention 
strategies and interventions in the rehabilitation 
and sports performance settings was demonstrated 
in a prospective study by Hewett et al.25 The inves-
tigators followed 1,263 high school student athletes 
who were instructed in a six-week injury preven-
tion program that included neuromuscular training, 

evaluated the reliability of 2D video analysis of genu 
valgus utilizing the Spark Motion Pro™ application 
vs.  visual estimation alone. It also assessed the valid-
ity of the applications ability to measure genu val-
gus during a single leg hop in symptomatic subjects. 
Higher reliability was noted when using the appli-
cation on the symptomatic lower extremity when 
compared to the non-symptomatic lower extremity. 
This further validates the importance of using tech-
nology when evaluating subjects with complaints of 
anterior knee pain. 

The findings of this study are consistent with the 
results found in other studies that examine the 
reliability of 2D mobile motion analysis. Mobile 
motion capture software has the potential to objec-
tively quantify joint angles during video analysis 
with good reliability. In a study by Krause et al.,23 
the researchers found the reliability of Coach’s Eye 
(Tech Smith Corporation, Okemos, MI), to range 
from .96-.99 when measuring sagittal plane knee 
motion during a squat maneuver in non-symptom-
atic subjects. A novel finding of this study includes 
the identification of increased reliability while using 
the 2D mobile motion analysis on the symptomatic 
lower extremity (ICC .927) when compared to the 
non-symptomatic lower extremity (ICC .792). To 
the authors knowledge, no study has examined the 
reliability of 2D mobile motion analysis on subjects 
with anterior knee pain. 

Maykut et al.3 evaluated the reliability of numerous 
frontal plane kinematic variables during running 
using Dartfish Motion Analysis Software (Dartfish, 
Fribourg, Switzerland). The researchers found excel-
lent intrarater reliability for peak knee abduction 
angles (ICCs: 0.955-0.976), and in terms of concur-
rent validity, moderate correlations were presented 
between 2D and 3D measures on the left lower 
extremity (pearson product correlation coefficient, 
0.541; p = .006). 

Rater ICC (3, k) 95% CI

A .954 0.88-0.98 

B .650 0.092-0.87 
ICC: intraclass correlation coefficient; CI: confidence interval 

Table 5. Concurrent validity of the non-symptomatic lower extremity 
using visual assessment and Spark Motion Pro™
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reliability than visual observation while analyzing 
genu valgus during a single limb hop in subjects 
with anterior knee pain. Although good reliability 
was noted in the non-symptomatic extremity, higher 
reliability values were achieved when measuring 
genu valgus on the symptomatic lower extremity. 
When 3D motion analysis is not available, a mobile 
motion analysis application could be used as a reli-
able tool when measuring dynamic knee valgus dur-
ing a single leg hop test. 
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ABSTRACT
Background: Two-dimensional (2D) analysis has the potential to identify individuals at risk for knee injury by measuring genu 
valgus during sport related tasks. The reliability of 2D mobile motion analysis in measuring genu valgus during a single leg hop test 
on individuals with anterior knee pain has not been examined. 

Purpose: To assess the reliability and concurrent validity of 2D mobile motion analysis and compare it to visual observation while 
analyzing dynamic genu valgus during a single leg hop test in subjects with anterior knee pain.

Study Design: Cohort study; repeated measures

Methods: Nineteen subjects experiencing anterior knee pain completed a single leg hop test with both lower extremities. Two 
investigators independently estimated the degrees of genu valgus with visual observation alone during the subjects’ single leg hop. 
After the visual estimation, the investigators watched the video again using the 2D Spark Motion Pro™ application to pause the 
video and measured the amount of knee valgus with a virtual goniometer tool on the application. Interrater reliability was calcu-
lated using intraclass correlation coefficients (ICC) model 2, k and intrarater rater reliability using model 3, k. Minimal detectable 
change, concurrent validity and limits of agreement were calculated. 

Results: Visual observation alone demonstrated interrater reliability ICCs of 0.682-0.685 on the symptomatic and non-symptomatic 
lower extremities respectively. The interrater reliability using the 2D application had ICC’s of 0.927 and 0.792 on the symptomatic 
and non-symptomatic lower extremities respectively. The concurrent validity for 2D analysis and visual observation on the symp-
tomatic lower extremity had ICC values of 0.96 (rater A) and 0.85 (rater B). The non-symptomatic lower extremity demonstrated 
concurrent validity ICC values of 0.95(rater A) and 0.65(rater B). The standard error of measurement(SEM) was 3.89� and 3.25� for 
the symptomatic and non-symptomatic lower extremity(LE) respectively for visual observation. When using the Spark Motion 
Pro™ application the SEM was 1.64� and 2.71� for the symptomatic and non-symptomatic LE respectively. The minimal detectable 
change (MDC) using visual observation alone was 5.5� and 4.6�. When using the application, it was noted at 2.32� and 3.83� on the 
symptomatic and non-symptomatic LE respectively. 

Conclusion: The results of this study support the use of a 2D mobile application as a reliable tool for measuring knee valgus in 
symptomatic subjects and offers reduced error (SEM= 1.64�) when compared to visual observation alone (SEM= 3.89�).

Level of evidence: 2B

Key words: genu valgus, injury prevention, injury screening, two-dimensional 
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The advantages of these alternatives include applica-
bility, availability, minimal expense, practicality, and 
ease of use. However, when using visual observa-
tion alone, Ekegren et al.14 described the sensitivity 
of objectifying genu valgus during a drop jump task 
to range between 67% to 87% when compared to the 
gold standard of 3D analysis. This resulted in one-third 
of the tested athletes failing to be labeled as “high risk” 
who were labeled as such by 3D analysis. Therefore, it 
was concluded that adequate assessment of knee val-
gus angles during sport specific tasks is questionable 
without the use of technological resources. 14 

The use of 2D video assessment of human movement 
has been demonstrated to be a valid and reliable 
alternative in measuring dynamic movement tasks 
when 3D analysis is not available.15,16 Munro et al.15 

reported intraclass correlation coefficient (ICC) val-
ues between .83 and .88 in males and females respec-
tively when measuring the reliability of 2D video 
analysis of frontal plane projection angles during a 
drop jump task. They concluded that in the absence 
of access to 3D motion analysis, this method can 
be used to reliably quantify genu valgus values. In 
another study, McLean et al.17 examined 3D analysis 
vs. a 2D standard video measurement technique to 
determine its potential to screen for excessive genu 
valgus in elite basketball players. Although their 2D 
measurement technique demonstrated greater fron-
tal plane knee angles when compared to 3D mea-
sures, the researchers determined 2D analysis to be 
a reliable method for identifying increased genu val-
gus. It appears that 2D analysis may appropriately 
identify athletes who demonstrate an increased risk 
of injury.17 To the authors knowledge, despite the 
aforementioned research, no study has evaluated the 
reliability of 2D motion analysis in measuring genu 
valgus among individuals with knee pain. The objec-
tives of this study were as follows: To assess the reli-
ability and concurrent validity of 2D mobile motion 
analysis and compare it to visual observation while 
analyzing dynamic genu valgus during a single leg 
hop test in subjects with anterior knee pain.

METHODS

Subjects
Nineteen adult subjects, (female n=12; male 
n=7, average age 28.5 years, +/- 7.29), who were 

INTRODUCTION
According to the National Collegiate Athletic Asso-
ciation (NCAA), lower extremity injuries comprise 
more than 50% of all total injuries occurring in col-
legiate athletes.1 Approximately 37% of these were 
caused by non-contact mechanisms. Throughout a 
ten-year study, Majewski et al.2 followed 17,397 ath-
letes during their athletic careers. They discovered 
40% of the total injuries that occurred were related 
to the knee joint, with anterior cruciate ligament 
(ACL) tears comprising 20.3%, medial meniscal 
tears accounting for 10.8%, lateral meniscus tears 
3.7%, medial collateral ligament tears 7.9%, and 
lateral collateral ligament injuries 1.1%. In a study 
evaluating running related injuries, 42.1% of the 
injuries involved the knee joint.3 

The risk for knee injury with increased dynamic 
valgus during landing has been evaluated over the 
last two decades.4-8 Movement patterns that result 
in hip adduction, hip internal rotation, tibial abduc-
tion and foot pronation have been related to anterior 
knee pain and patellofemoral pain syndrome during 
dynamic sport related tasks.3,6,8,9,10 Specifically, in a 
prospective study of 205 female athletes followed by 
Hewett et al.,6 hip abduction moments had a sensi-
tivity of 78% and specificity of 73% for predicting 
ACL injury.6 A 2.5 time increase in knee abduction 
moments (p<.001) in athletes who went on to suf-
fer an ACL injury was discovered by the authors .6 
There is strong evidence to suggest that incorpora-
tion of injury prevention programs has the potential 
to reduce knee injury rates.11,12,13 These programs, 
which include neuromuscular and proprioceptive 
training have been found to reduce knee and ACL 
injury by 26.9% and 50% respectively.12  Therefore, 
effort must be made to identify reliable methods in 
which to recognize faulty movement patterns and 
initiate interventions to reduce probability for injury.  

The use of 3D motion capture systems and force plates 
is well known to be the gold standard for kinematic 
analysis during movement. This type of system, which 
is typically used in a laboratory setting, is not univer-
sally available. Additionally, use of such systems is 
costly and requires extensive set-up and education. 
Two alternate resources available for use in assisting in 
quantifying joint angles during functional sport specific 
tasks include 2D video analysis and visual observation. 
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activity level scale. The Tegner activity level scale 
has been used in similar studies to ascertain if a 
subject will be able to tolerate the single leg hop.19 
The Tegner activity scale consists of a self-reporting 
10-item level scale ranging from level 0 (sick leave 
or disability pension because of knee problems) to 
level 10 (competitive sports-soccer, football, rugby, 
national elite). The subjects were required to rate 
themselves at pre-symptom level and current level 
of function. The single leg hop test has demon-
strated ICC’s ranging from .93 to .96 for prediction of 
dynamic knee stability.20 It has the potential to dem-
onstrate insufficiencies in functional knee stability 
in healthy subjects.20 

After completion of the Tegner activity scale, the 
subject watched an investigator perform a single 
leg hop in the designated testing area and questions 
were answered to ensure the subject had a verbal 
understanding of the expected activity. No cuing on 
mechanics or posture was provided to avoid coach-
ing bias. The subjects advised the investigator which 
knee was symptomatic and hopped as far as possible 
with their non-symptomatic lower extremity while 
keeping their balance for a minimum of two sec-
onds. If the subject was unable to maintain their bal-
ance for at least two seconds, a 30 second rest period 
was provided and another attempt at the single leg 
hop was made. Once this reference hop distance 
was made, athletic tape was placed on the ground 
to mark this location. The subjects then had a one-
minute rest period, while the investigators set up 
the tripod and equipment for video analysis. The tri-
pod was placed five feet from the reference landing 
location to maintain universal distance from record-
ing to landing point and avoid variations in depth of 
field during video analysis angle measurements. 

Once the landing spot was determined and equip-
ment was set-up accordingly, testing began. The 
subject performed a single leg hop on their non-
symptomatic lower extremity to the designated 
marked location, maintained the landing for two sec-
onds and received a 60 second rest period between 
each of three trials. The same occurred on the symp-
tomatic lower extremity. If the subject was unable 
to maintain the qualifications of a successful hop 
as described above, a rest period of 60 seconds was 
provided and another hop was performed. When 

experiencing anterior knee pain for no greater than 
twelve months, were recruited from the local com-
munity using brochures displayed at two hospital 
based fitness facilities over the course of six months. 
Anterior knee pain, as characterized by Cook et al.18 
was defined as having at least two of the three follow-
ing characteristics; pain with squatting, peripatellar 
palpable tenderness and/or pain with resisted knee 
extension. In addition to anterior knee pain, inclusion 
criteria consisted of being between 18 and 40 years of 
age and a pre-symptom score of five or greater on the 
Tegner activity scale.19 Patients between the ages of 18 
and 40 years old were chosen for two reasons. Firstly, 
to eliminate the need for parental consent and sec-
ondly this is the most common age range which the 
authors treat this population in their clinics. The 
pre-symptom score of ≥ level 5 on the Tegner scale 
was chosen based on the Tegner et al.19 recommenda-
tion, as the point of tolerance and ability to perform 
a single leg hop test. Subjects were excluded from the 
study if they were unable to read or speak English 
as required for understanding forms and instructions, 
were currently participating in a structured strength 
and conditioning program, had a history of knee sur-
gery, or were unable to perform a single leg hop. This 
study was approved by the Institutional Review Board 
of Florida Hospital- Adventist Health System and all 
subjects meeting inclusion criteria consented to par-
ticipate. Subjects provided demographic information 
including age, height, mass, dominant leg, symptom-
atic lower extremity, gender, and health status. 

Instruments
The Spa rk motion Pro™ application was downloaded 
from the Apple App store to a fourth generation 
iPad© on the IOS 6.0.1 operating system. The iPad© 

had a display of 9.7 inches, 2,048 x 1,536-pixel color 
IPS LCD display with a 4:3 aspect ratio and captured 
video at 30 frames per second. The iPad© was placed 
on a 2014 Manfrotto compact, aluminum tripod with 
the amazon standard identification number (ASIN, 
B00L6CBKaK). An Adonit Jot Pro fine point precision 
stylus, (ASIN, B00931K1QK), was used to measure 
genu valgus with the applications goniometer tool.

Procedures
Upon agreeing to participate and receiving docu-
mentation of consent, subjects completed the Tegner 



The International Journal of Sports Physical Therapy | Volume 13, Number 1 | February 2018 | Page 89

using the Spark Motion Pro™ goniometer. The genu 
valgus measured in Figure 1 using the application 
was recorded as 19 degrees by subtracting 180 (verti-
cal) from 199. 

Statistical methods
SPSS version 15.0 for Windows was utilized for statis-
tical analysis. Descriptive data including mean mea-
surement angles with standard deviations (SD) were 
calculated for each session. The ICC model 3, k was 
used for the intrarater component of analysis and 
model 2, k for the interrater reliability analysis. To 
analyze whether the Spark Motion Pro™ software can 
be used reliably between equally trained clinicians, 
model 2, k was used.21 A value of ≥ 0.75 was classi-
fied as having good reliability based on recommen-
dations of Portney and Watkins.21 Values below 0.75 
were classified as moderate to poor reliability. The 
minimal detectable change (MDC) was calculated 
using the following formula: (MDC95=1.96*SEM*). 
This formula was used to determine the magnitude 
of change that would exceed the threshold of mea-
surement error at 95% confidence level.21,22 The 95% 
limits of agreement were calculated by using the for-
mula: 95% limits of agreement = mean difference 
+/- 2SD. These values were rounded to the nearest 
degree to reflect the smallest unit of measurement on 
the virtual goniometric tool on the Spark Motion Pro™ 
application. An ICC model 3, k was used in the con-
current reliability analysis to determine if both meth-
ods of measurement analysis produced comparable 
results. ICC value interpretations were also based on 
the guidelines set forth by Portney and Watkins.21 

RESULTS
A total of nineteen adult subjects, 12 females and 
7 males were recruited. All subjects recruited and 
initially eligible were able to complete the single leg 
hop protocol. The average and standard deviation 
for participants’ age, mass, and height is described 
in Table 1. 

The interrater reliability for visual estimation of knee 
valgus during the single leg hop trials is depicted in 
Table 2. The ICC for visual estimate alone (Table 2) 
demonstrates poor reliability (.682-.685). The mean, 
standard deviation, ICC, SEM, and MDC95 were 
calculated for the symptomatic (painful) and non-
symptomatic (non-painful) lower extremities. 

the first three successful hops were completed and 
recorded on the non-symptomatic lower extremity, 
a three-minute rest period was provided prior to 
initiation of the symptomatic lower extremity hop 
trials.

After all trials and video recording were complete 
visual estimation of genu valgus was performed. Two 
investigators blinded to each other’s results (both 
Doctors of physical therapy and familiar with the use 
of video analysis) visually estimated the degrees of 
genu valgus during a single video play of each trial 
hop. Genu valgus was estimated at the point where 
knee eccentric momentum ended and the subject 
began their return into knee extension. After each 
investigator completed the visual estimation alone 
analysis, the goniometric tool on the application was 
utilized to measure genu valgus. The same still video 
image was utilized by the same examiner for both 
the visual estimation analysis and the goniometric 
measurement analysis using the application. The 
reference points used for both visual estimation and 
goniometric measurements were the anterior supe-
rior iliac spine (ASIS), a line bisecting the medial 
and lateral femoral condyles and a line bisecting the 
medial and lateral malleoli at the talocrural joint. 
Frontal plane knee collapse was measured as the dif-
ference from a vertical line (180 degrees), with varus 
recorded as a negative value and valgus as a posi-
tive value. Figure 1 demonstrates a subject’s single 
leg hop with associated goniometric measurement 

Figure 1. Single leg hop test using the Spark Motion Pro™ 
goniometer for measurement of the degrees of genu valgus. 
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extremities. The ICC using the goniometer on the 
application demonstrated higher reliability (.927) 
on the symptomatic lower extremity than the non-
symptomatic extremity (.792). Table 4 presents the 
concurrent validity on the symptomatic extrem-
ity when comparing visual estimation and the use 
of the goniometer. The concurrent validity of the 
symptomatic lower extremity demonstrated an ICC 
of 0.96 for rater A and 0.85 for rater B(95% CI: 0.92-
0.99; 0.61-0.94 for rater A and B respectively) (Table 
4). Table 5 presents the concurrent validity of the 
non-symptomatic lower extremity (ICC= 0.954 and 
0.65; 95% CI: 0.88-0.98, 0.092-0.87 for rater A and B 
respectively). Reliability tended to be greater when 
evaluating the symptomatic lower extremity when 
compared to the non-symptomatic lower extremity.

DISCUSSION
To date, the reliability of 2D analysis of genu val-
gus during a single leg hop test has not been evalu-
ated on symptomatic subjects. Therefore, this study 

Table 3 presents the interrater reliability when using 
the Spark Motion Pro™ application goniometer func-
tion. The ICC when utilizing the Spark Motion Pro™ 
application (Table 3) with the goniometric function 
demonstrates good reliability in a range of .792-.927 
for both symptomatic and non-symptomatic lower 

Variable Mean (SD)

Age 28.53 (7.29) 

Height (cm) 171cm (10.07) 

Mass (kg) 69.73kgs (12.35) 

BMI 23.67 (2.15) 

Sex (% Female) 63.2% 

Leg Dominance (% Right) 94.7% 

Symptomatic LE (% Right) 42.1% 
SD: standard deviation; BMI: Body Mass Index 

Table 1. Demographics (n=19)

Rater A
Mean
angle (SD)

Rater B
Mean angle 
(SD)

ICC 2, k SEM° MDC° 

Symptomatic LE 6.37(6.89) 5.35(3.48) .682  3.89 5.50 

Non-symptomatic LE 6.46(5.79) 4.04(3.07) .685 3.25 4.60 
SD: standard deviation; ICC: intraclass coefficient; SEM: Standard error of measurement; and 
MDC₉₅: minimum detectable change at 95% confidence interval. 

Table 2. Interrater reliability of functional knee valgus using visual 
estimate during single leg hop

Rater A
Mean angle 
(SD)

Rater B
Mean angle 
(SD)

ICC 2, k SEM° MDC° 

Symptomatic 5.90(6.07) 6.63(5.52) .927   1.64 2.32 

Non-symptomatic 5.86(5.94) 4.67(3.91) .792 2.71 3.83 
SD: standard deviation; ICC; intraclass coefficient; SEM: standard error of the measurement; and 
MDC 95; minimum detectable change at 95% confidence level 

Table 3. Interrater reliability of functional knee valgus using Spark 
Motion Pro™ during single leg hop.

Rater ICC (3, k) 95% CI

A 0.96 0.92-0.99 

B 0.85 0.61-0.94 
ICC: intraclass correlation coefficient; CI: confidence interval 

Table 4. Concurrent validity of the symptomatic lower extremity using 
visual assessment and Spark Motion Pro™
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Table 2 demonstrates that when using visual estima-
tion alone, reliability tended to decrease when mea-
suring symptomatic and non-symptomatic lower 
extremity angles. The SEM and MDC between visual 
estimation and the Spark Motion Pro™ also demon-
strated some differences. The SEM for the symp-
tomatic and non-symptomatic LE was 3.89o and 3.25o 
respectively during visual estimation. When using the 
application, this decreased to 1.64o and 2.71o respec-
tively. This demonstrates the increased chance for 
error in measuring genu valgus when visual estima-
tion is used in isolation. The lower SEM calculated 
while using the 2D analysis application (1.64o) versus 
visual estimation (3.89o) demonstrates greater preci-
sion in measuring genu valgus when using techno-
logical resources. Nevertheless, the error rate is high 
with both assessment options as the SEM was in 
some cases close to 33% of the measurement.

Herrington et al.,24 set out to calculate normative 
values of genu valgus during a drop jump task for 
non-pathological subjects. The results of their study 
indicated that valgus measurements should be sym-
metrical and in the range of 7° to 10° for females and 3° 
to 8° for males.24 The researchers noted the potential 
risk for knee injury increases, if genu valgus values 
are larger than the normative observation. The results 
of the current study validate the importance of using 
methods or devices that decrease the opportunity for 
misclassification of at risk athletes. If valgus measure-
ments are determined to be outside the norm, injury 
prevention programs and rehabilitation have had 
some success in decreasing knee injury risk.25, 26 

The utility of implementation of injury prevention 
strategies and interventions in the rehabilitation 
and sports performance settings was demonstrated 
in a prospective study by Hewett et al.25 The inves-
tigators followed 1,263 high school student athletes 
who were instructed in a six-week injury preven-
tion program that included neuromuscular training, 

evaluated the reliability of 2D video analysis of genu 
valgus utilizing the Spark Motion Pro™ application 
vs.  visual estimation alone. It also assessed the valid-
ity of the applications ability to measure genu val-
gus during a single leg hop in symptomatic subjects. 
Higher reliability was noted when using the appli-
cation on the symptomatic lower extremity when 
compared to the non-symptomatic lower extremity. 
This further validates the importance of using tech-
nology when evaluating subjects with complaints of 
anterior knee pain. 

The findings of this study are consistent with the 
results found in other studies that examine the 
reliability of 2D mobile motion analysis. Mobile 
motion capture software has the potential to objec-
tively quantify joint angles during video analysis 
with good reliability. In a study by Krause et al.,23 
the researchers found the reliability of Coach’s Eye 
(Tech Smith Corporation, Okemos, MI), to range 
from .96-.99 when measuring sagittal plane knee 
motion during a squat maneuver in non-symptom-
atic subjects. A novel finding of this study includes 
the identification of increased reliability while using 
the 2D mobile motion analysis on the symptomatic 
lower extremity (ICC .927) when compared to the 
non-symptomatic lower extremity (ICC .792). To 
the authors knowledge, no study has examined the 
reliability of 2D mobile motion analysis on subjects 
with anterior knee pain. 

Maykut et al.3 evaluated the reliability of numerous 
frontal plane kinematic variables during running 
using Dartfish Motion Analysis Software (Dartfish, 
Fribourg, Switzerland). The researchers found excel-
lent intrarater reliability for peak knee abduction 
angles (ICCs: 0.955-0.976), and in terms of concur-
rent validity, moderate correlations were presented 
between 2D and 3D measures on the left lower 
extremity (pearson product correlation coefficient, 
0.541; p = .006). 

Rater ICC (3, k) 95% CI

A .954 0.88-0.98 

B .650 0.092-0.87 
ICC: intraclass correlation coefficient; CI: confidence interval 

Table 5. Concurrent validity of the non-symptomatic lower extremity 
using visual assessment and Spark Motion Pro™
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reliability than visual observation while analyzing 
genu valgus during a single limb hop in subjects 
with anterior knee pain. Although good reliability 
was noted in the non-symptomatic extremity, higher 
reliability values were achieved when measuring 
genu valgus on the symptomatic lower extremity. 
When 3D motion analysis is not available, a mobile 
motion analysis application could be used as a reli-
able tool when measuring dynamic knee valgus dur-
ing a single leg hop test. 
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ABSTRACT
Purpose/Background: Strength asymmetries are related to knee injuries in intermittent sports players. 
The purpose of this study was to examine whether elite futsal players demonstrate strength asymmetries 
during knee isokinetic testing applying the Croisier et al.21 criteria. 

Methods: Forty male elite (27.9 ± 6.5 years) Brazilian futsal players participated in the study. The testing 
protocol required players to perform concentric contractions of both quadriceps and hamstring muscles at 
angular velocities of 60°·s-1 and 240°·s-1 and eccentric contractions of hamstring at 30°·s-1 and 120°·s-1. Con-
ventional (concentric:concentric) and mixed (eccentric:concentric) hamstrings/quadriceps (H/Q) ratios 
were calculated. Subjects were determined to have an imbalanced strength profile if an athlete had at least 
two parameters that were asymmetrical across speeds and conditions. Asymmetry was operationally 
defined as peak torque asymmetry greater than 15% in bilateral comparison, and H/Q ratio less than 0.47 
for conventional and 0.80 for mixed conditions. 

Results: Significant differences were observed between preferred and nonpreferred limbs in the concentric 
contractions of flexors at 240°·s-1 and eccentric contractions of extensors and flexors at 30°·s-1 and 120°·s-1. 

However, these asymmetries did not exceed 15%. The conventional and mixed H/Q ratios were greater in 
the preferred than in nonpreferred limbs, but only the mixed hamstringsecc/quadricepsconc in the nonpre-
ferred limbs showed values lower than recommended (<0.80). In addition, 50% of elite futsal players had 
preseason strength imbalances per the developed criteria. 

Conclusion: The studied elite futsal players had preseason strength imbalances, which may increase the 
risk of hamstring injuries.

Level of evidence: 3

Key words: Asymmetry, injury risk, isokinetic, peak torque.
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INTRODUCTION
Futsal is currently sanctioned by soccer’s interna-
tional governing body, the Fédération Internationale 
de Football Association (FIFA), which has periodi-
cally organized futsal international competitions 
since 1989. This game started in South America in 
the 1930s as an indoor version of soccer/football, 
and it has rapidly expanded worldwide. Futsal is a 
very dynamic sport in which many goals are usually 
scored per match. Although futsal and soccer pres-
ent similar technical characteristics,1 the physical 
demands are somewhat different. Soccer is played 
on a 90-120 × 45-90 m pitch in two 45-minute peri-
ods. Players cover ~ 10,000 m per game, and only 
0.5 to 3% of effective playing time is covered at high-
intensity sprints2. Meanwhile, futsal players cover ~ 
3300 m per match,3,4 of which >7.5% are covered at 
high-intensity3 and ~ 26 sprints are performed per 
match.5 In contrast, futsal is played on a 40 × 20 m 
hard court surface in two 20-minute periods, with 
a 10-minute break between periods,1 and the num-
bers of substitutions are unlimited, so high-intensity 
efforts are maintained throughout the matches.1,6 
As a consequence of the exposure to high-intensity 
actions, the requirement of concentric and eccen-
tric muscular actions in the legs to sustain kicking, 
jumping, pulling up, tackling, turning, changing 
pace, decelerating and sprinting during a game is 
very high.1,7

Soccer and futsal are among the top ten injury-
prone sports with incidence rate of 20.3 and 55.2 
injuries per 10000 hours sport participation, respec-
tively.8 Most injuries affect the lower extremity (i.e., 
knee and thigh) in both soccer9 and futsal.10,11 For 
soccer, hamstrings injuries are the most common 
single injury subtype, representing 12% of all inju-
ries,12 and amounting 1.20 injuries per 1000 h expo-
sure.13 These high injury rates are associated with 
the short recovery (i.e., less than four days) periods 
between match and/or high match loads (matches 
sequence).14 In futsal, prospective studies with ham-
string injury rates are scarce, but Junge and Dvorak10 
demonstrated that thigh strain is among the most 
prevalent diagnoses of time-loss injuries in futsal 
players. In addition, recently Martinez-Rianza et 
al.15 analyzed medical assistance to Spanish national 
futsal team over five seasons and showed that in 
43.3% of the cases, injuries were sustained in the 

thigh, followed by the leg (12.6%) and knee (10%). 
Most assistance cases (52.6%) were due to muscle 
overload (i.e., when the individual did not have an 
anatomical injury but the muscle was painful and 
slightly tight when manually explored) and 14.4% 
were due to residual pain.

Keeping in mind the high hamstring injury rates in 
soccer, Croisier et al.16 created a protocol to assess 
bilateral asymmetries and hamstring/quadriceps 
(H/Q) ratios, which was shown to be useful for 
screening for hamstring injury risk in soccer play-
ers. It is known that soccer and futsal players have a 
preferred leg to perform specific skills (i.e., kicking 
and cutting), which may cause side-to-side asymme-
try between legs.17 Bilateral strength asymmetries 
have been frequently used during sport rehabilita-
tion programs to quantify the functional deficit con-
sequent of lower extremity injury or surgery.18,19 
Also, several authors have suggested that bilateral 
strength asymmetries can be a risk factor for muscu-
loskeletal injuries.20,21,22 For soccer and futsal players, 
some researchers have suggested that the presence 
of bilateral asymmetries is a risk for injuries.21,23,24 
However, bilateral asymmetries of peak torque (PT) 
production (as assessed through isokinetic testing) 
of up to 15% are considered acceptable.20

In intermittent sports, explosive muscular contrac-
tions play a significant role in athletes’ performance 
due to the high number of sprints required in the 
match or competition.25,26 Therefore, the necessary 
short phase of deceleration requires an aggressive 
eccentric hamstring activation, which can poten-
tially harm or damage the muscle-tendon unit.27 
Futsal requires many sudden sprints and intense 
braking, during which the activation of quadriceps 
and hamstrings are maximally required. Further-
more, in soccer players it has been suggested that the 
hamstring muscles are vulnerable to injury during 
quick changes from eccentric to concentric action, 
mainly when the hamstrings become active exten-
sors of the hip joint.28 Thus, the H/Q ratio may be an 
important screen for injury risks if strength imbal-
ances are detected in athletes of football.21,23,29,30

The purpose of this study was to examine whether 
elite futsal players demonstrate strength asym-
metries during knee isokinetic testing applying 
the Croisier et al.21 criteria. Based on technical 
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similarities between soccer and futsal, the authors 
hypothesized that some isokinetic strength differ-
ences predisposing to lower limb injuries would be 
detected in this specific sample of athletes, which 
may inform prevention strategies. 

METHODS

Participants
Forty male elite futsal players (27.9 ± 6.5 years; 
75.1± 8.1 kg; 1.76 ± .03 m) from three different Bra-
zilian professional teams volunteered to participate 
in the study. The players had at least five years of 
experience in futsal training and competition. Their 
respective futsal teams were ranked first, second, 
and fourth in the 2010 season of the Brazilian Futsal 
League, which is considered one of the best leagues 
in the world. Fifteen players evaluated in this study 
were regular athletes from the Brazilian futsal team, 
including the best goalkeeper and the best overall 
player of the FIFA Futsal World Cup.

The purpose, experimental procedures, possible 
risks and benefits of the study were explained 
to the athletes, who provided written informed 
consent before starting the participation. All pro-
cedures were approved by the Local Ethics Com-
mittee for Research with Humans (protocol number 
5263.0.000.09110).

Experimental design
All study procedures were performed during the ini-
tial phase of the competitive season. In this phase, 
athletes were engaged in a training program one to 
two sessions per day (five to six days each week), 
including official futsal matches. Specifically, they 
performed four to five conditioning sessions (approx-
imately 30-40 min per session) per week that were 
designed to develop sprinting abilities and explosive 
strength, as well as two to three resistance training 
sessions per week. Small-sided games were used to 
develop aerobic fitness and were included in the tech-
nical and/or tactical training sessions. Before start-
ing the study, each athlete was instructed to refrain 
from heavy exercise, to avoid alcoholic or caffeinated 
products in the 48 hours preceding the tests and to 
present themselves at the experimental settings in a 
two-hour post-prandial state. Before the experiments 
the players were familiarized with the isokinetic test.

The futsal players were assessed in isokinetic 
dynamometer during a single visit to the labora-
tory (familiarization and protocol test). The angu-
lar speeds used in the current study were chosen 
according to the protocol used in soccer players 
described by Croisier et al.20 Accordingly, bilateral 
asymmetry and H/Q ratios were identified and com-
pared to normative values.20

Knee Maximal Strength Test 
Isokinetic measurements were performed on ham-
string and quadriceps muscles. All profession-
als conducting the isokinetic assessment received 
instructions to strictly apply a standardized testing 
procedure. Measurements were preceded by a 5 min 
warm-up consisting of pedaling on a cycle ergom-
eter (75 to 100 watts).20 Each player was placed 
in an upright seated position on the adjustable 
Cybex dynamometer chair (Cybex Norm, Lumex, 
Ronkonkoma, USA) and firmly stabilized by straps 
so that only the knee to be tested was movable with 
a single degree of freedom. The lateral epicondyle of 
the tested knee was aligned with the dynamometer’s 
axis of rotation, and the machine’s lever arm was 
attached to the lower leg 2 cm above the lateral mal-
leolus.31 The range of knee motion was fixed at 90° 
of flexion from the active maximum extension. The 
axis of rotation of the knee was then aligned with 
the axis of rotation of the dynamometer lever arm. 

After a standard warm-up consisting of three to five 
submaximal and one maximal concentric (Conc) 
contraction efforts of the quadriceps and hamstring 
muscles at the angular speed of 120°·s-1.20 The test-
ing protocol required players to perform concentric 
contractions of both quadriceps and hamstring mus-
cles at 60°·s-1 (three repetitions) and 240°·s-1 (five 
repetitions) angular velocities of movement. Ath-
letes were then required to perform eccentric (Ecc) 
contractions of hamstring at 30°·s-1 (three repeti-
tions) and 120°·s-1 (four repetitions) angular veloci-
ties of movement.23 Verbal encouragement was 
continuously provided throughout the tests. A pas-
sive rest period of 90 seconds was allowed between 
limbs and each angular velocity, but the participant 
did not receive any visual feedback during the test. 

The analyses of results were expressed in absolute 
(Nm) and relative (Nm/kg) concentric and eccentric 
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peak torque (PT) of extensors and flexors of the knee, 
and the bilateral comparison (preferred and non-
preferred limbs) led to the determination of asym-
metries expressed in percentage form according to 
Equation 1.32 Concentric H/Q peak torque ratio of 
flexors and extensors was established (at 60°·s-1 or 
240°·s-1) and mixed Hecc/Qconc ratio was associated 
with eccentric performance of the hamstrings and 
the concentric action of the quadriceps muscles 
(hamstrings at 30°·s-1 versus quadriceps at 240°·s-

1).20 Regarding imbalance strength profile, this study 
followed the procedures described by Crosier et al.20: 
bilateral differences above 15% in concentric and/or 
eccentric on the hamstrings; concentric ratio (on at 
least one leg) of less than 0.47; and a mixed ratio of 
less than 0.80 (on at least one leg). Thus, at least two 
of the following parameters were used to character-
ize athletes with imbalances: concentric (at 60°·s-1 

or 240°·s-1) and eccentric (at 30°·s-1 or 120°·s-1) 
bilateral asymmetries (>15%); conventional Hconc/
Qconc (at 60°·s-1 or 240°·s-1); and mixed Hecc/Qconc 
ratio. Data collection was performed in an acclima-
tized room. Temperature and relative humidity were 
maintained at 22-23ºC and 50-60%, respectively. 
The tests were conducted in morning (9-11 a.m.) 
and afternoon (2-6 p.m.) periods during one week.

                        
AI

P P
P% =

−⎛
⎝⎜

⎞
⎠⎟

⋅
N

100  (1)

AI equals the percent asymmetry index, calculated 
by using the outputs for PT measurements of the 
preferred (P) and non-preferred (NP) limbs.

60°·s-1   (Conc) 240°·s-1    (Conc) 
P NP p-value P NP p-value 

Extensors 
  PT (Nm/kg) 2.85±0.58 2.88±0.59 0.67 2.37±0.67 2.35±0.64 0.71
  PT (Nm) 214.7±49.6 216.5±51.6 0.62 178.1±53.1 176.8±52.0 0.71
Flexors
  PT (Nm/kg) 1.81±0.35 1.80±0.42 0.77 1.65±0.51 1.54±0.49 0.008*
  PT (Nm) 136.6±31.7 135.8±36.3 0.81 124.3±40.3 115.9±38.1 0.007*

30°·s-1   (Ecc) 120°·s-1   (Ecc) 
Extensors 
  PT (Nm/kg) 3.95±0.99 3.70±0.95 .003* 3.98±0.75 3.70±0.80 .013*
  PT (Nm) 296.0±75.7 277.2 ±73.0 .003* 299.3±66.4 277.3±66.1 .012*
Flexors
  PT (Nm/kg) 2.32±0.49 2.16±0.50 .006* 2.48±0.43 2.29±0.49 .008*
  PT (Nm) 173.5±35.8 162.9±40.8  .099 185.7±34.1 172.7±58.0 .089
PT= peak torque; P = preferred limb; NP = nonpreferred limb; Conc = Concentric; Ecc = 
Eccentric. *significantly greater in P than NP (p<0.05). 

Table 1. Relative and absolute values of isokinetic concentric and eccentric 
peak torque (PT) of knee extensors and fl exors in both lower limbs.

Statistical Analyses
Data are reported as the mean, standard deviation 
(SD), and frequencies (absolute and relative) with 
a 95% confidence interval. Shapiro-Wilk tests were 
used to verify the normality of the data. Where the 
differences were not normally distributed, the values 
were calculated on the log transformation data. The 
differences between preferred and non-preferred 
lower limbs torque and H/Q ratios were compared 
using independent t-test. Paired t-tests were used to 
identify differences between angular velocities for 
AI%. Significance was assumed at 5% (P ≤ .05) a 
priori. All statistical analyses were performed using 
SPSS 18.0 for Windows (SPSS Inc., Chicago, USA).

RESULTS
Table 1 shows the relative and absolute isokinetic 
concentric and eccentric knee PT of extensors and 
flexors at the P and NP limbs. The difference was 
analyzed according to the lower limbs (P vs NP). 
The knee flexor PT concentric at 240°·s-1 was sig-
nificantly greater in the preferred limb. Regard-
ing eccentric contractions, in both angular speeds 
(30°·s-1 and 120°·s-1) of extensors and flexors, the 
preferred limb also showed higher values than the 
nonpreferred.

Table 2 shows the bilateral asymmetries for concen-
tric and eccentric PT of knee extensors and flexors 
at all angular speeds. The differences were analyzed 
according to the angular speeds. Significant differ-
ences in the bilateral asymmetries were observed in 
the concentric contractions to extensors at 60°·s-1 com-
pared to 240°·s-1 (p = 0.011) and eccentric extensors 
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mixed H/Q ratios were acceptable, except the mixed 
Hecc/Qconc in the nonpreferred limb (Table 3).

Table 4 shows the number of futsal players with 
strength imbalances (bilateral asymmetries and 
H/Q ratio deficits) according to the Croisier et al.20 
criteria. Regarding the predefined cutoffs, there 
seems to be a high prevalence of futsal players with 
torque imbalances in at least two criteria (50%).

at 30°·s-1 compared with 120°·s-1 (p = 0.004). Despite 
the differences in all angular speeds, the bilateral 
asymmetries were all deemed acceptable (<15 %).

The conventional Hconc/Qconc at 240°·s-1 of the pre-
ferred limb was significantly greater than nonpre-
ferred (p = 0.044) and the mixed Hecc/Qconc of the 
preferred limb was also significantly greater (p < 
0.001). However, all values of the conventional and 

60°·s-1 (CI 95%) 240°·s-1  (CI 95%) p-value 

Concentric 

Extensors (%) 2.5 (-1.35 – 6.35) 5.86 (.90 – 10.83)* .011 

Flexors (%) -1.40 (-5.06 – 2.26) .72 (-3.23 – 4.68) .637 

30°·s-1 (CI95%) 120°·s-1 (CI95%) 

Eccentric 

Extensors (%) 7.92 (3.11 – 12.73)* 3.39 (-1.68 – 8.46) .004 

Flexors (%) 6.95 (3.11 – 10.78) 6.65 (1.69 – 11.6) 0.26 
CI= confidence interval; * statistically significant differences between angular speeds 
(p<0.05). 

Table 2. Bilateral asymmetries for concentric and eccentric peak 
torque of extensors and fl exors at the knee.

PNP p-value  Mean (CI95%) Mean (CI95%) 
Conventional concentric  Hconc/Qconc ratio 
Conc60°·s-1/Conc60°·s-1  0.64 (0.61 – 0.68) 0.64 (0.61 – 0.68) .470 
Conc240°·s-1/Conc240°·s-1   0.69 (0.66 – 0.73)* 0.65 (0.61 – 0.69) .044 
Mixed Hecc/Qconc ratio 
Ecc30°·s-1/Conc240°·s-1   1.05 (0.93 – 1.18)* 0.76 (0.71 – 0.82) .000 
Conc= concentric; Ecc= eccentric; H/Q = hamstring/quadríceps ratio; P = preferred 
limb; NP = nonpreferred limb; CI= confidence interval; *significantly greater for P than 
NP (p<0.05).

Table 3. The relative peak torque values for conventional concentric 
and mixed hamstring/quadriceps ratios in both lower limbs.

)%(sreyalPfoetaR
ecnereffidlaretaliB

Conc 60°·s-1 )5.71(04/7
Conc 240°·s-1  )0.53(04/41
Ecc 30°·s-1  )0.04(04/61
Ecc 120°·s-1  )5.23(04/31

Hecc/Qconc )P(oitar
Conc60°·s-1/Conc60°·s-1 )5.2(04/1
Conc240°·s-1/Conc240°·s-1  )0.0(04/0
Mixed Ecc30°·s-1/Conc240°·s-1   11/40 (27.5) 

Hecc/Qconc )PN(oitar
Conc60°·s-1/Conc60°·s-1 )0.5(04/2
Conc240°·s-1/Conc240°·s-1  )5.7(04/3
Mixed Ecc30°·s-1/Conc240°·s-1   14/40 (35.0) 

airetircyrujnI
Deficiency in at least two parameters 20/40 (50.0) 

Conc= concentric; Ecc= eccentric; H/Q = hamstring/quadríceps ratio; P = preferred 
limb; NP = nonpreferred limb.

Table 4. Number of futsal players with strength imbalances 
according to Croisier criteria.
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DISCUSSION 
The aim of this study was to examine the strength 
and identify imbalances in elite futsal players using 
a protocol developed by Croisier et al.,20 which estab-
lished normative values for conventional and mixed 
H/Q ratio and bilateral asymmetries. Among the 
main findings of the present study, it can be high-
lighted that: a) Significant differences were observed 
between preferred and nonpreferred limbs in the 
concentric contractions of flexors at 240°·s-1 and 
eccentric contractions of extensors and flexors at 
30°·s-1 and 120°·s-1, but the group-average asymme-
tries did not exceed 15%; b) Conventional and mixed 
H/Q ratios were higher for preferred than nonpre-
ferred limbs; however, only the mixed Hecc/Qconc in 
the nonpreferred limb showed values lower than 
those recommended (<0.80); c) Through strength 
imbalances (bilateral asymmetries, conventional 
and mixed H/Q ratios) criteria,20 a high prevalence 
of players with hamstring injury risk was observed 
(50%). Some studies have already used this protocol 
in soccer players,21,29,33 but not in futsal players. 

Humans tend to use preferentially one side of the 
body in voluntary motor acts.34 Lateral preference 
can be associated with task complexity,35 gender35 and 
developmental characteristics.36 In sports scenarios, 
lateral preference can influence aspects related to 
force production due to long term adaptations from 
repeated use.37 Accordingly, bilateral asymmetries 
have been reported in sports with predominant 
unilateral movements, such as soccer,21,29,38 volley-
ball,38,39 basketball38,40 and handball.41 Futsal also 
requires unilateral movements17; however, there is 
no previous evidence of isokinetic bilateral asym-
metries in futsal players. During isokinetic tests the 
athlete cannot perform a functional movement spe-
cific to a futsal match, however, this objective test 
may be important to identify strength asymmetries, 
which can relate to muscle injury risk that are com-
mon in high-intensity team sports.20,21,38,42 To date, 
studies that evaluated peak isokinetic knee torque in 
futsal players have assessed strength performance 
or fatigue,43 but not bilateral asymmetries.

The present study reported higher PT concentric in 
flexors at 240°·s-1 for preferred than nonpreferred 
limb. Regarding eccentric contractions, in both 
angular speeds (30°·s-1 and 120°·s-1) for flexors and 

extensors, the relative PT was greater in preferred 
than nonpreferred limb. Similarly, Ruas et al.23 mea-
sured knee strength asymmetries in soccer players 
in different field positions, and their results indi-
cated that in all players, the preferred leg’s eccen-
tric hamstring strength was greater than that of the 
nonpreferred leg. Bilateral asymmetry above 15% 
of maximum torque production has been associated 
with muscular injury risk.20 Although the current 
findings reported higher values for preferred than 
nonpreferred lower limbs, these asymmetries, on 
average, did not exceed 15% (Table 2). Some authors 
have found that lack of bilateral asymmetry may be 
due to the importance of the nonpreferred limb’s 
supportive strength to coordinate dominant knee 
actions,44 and also due the idea of inter-hemispheric 
transfer of learning during practice.45 

Some studies with soccer players have used knee 
extensor concentric actions during isokinetic 
tests20,23,26,29 because the quadriceps muscles are 
devoted to explosive efforts such as propulsion 
jumps and pulls after quick changes in direction. 
Concentric muscular actions are primarily used dur-
ing passing and kicking.30 However, the eccentric 
phase of hamstrings also has a substantial influence 
on muscular performance.46 When sprinting, a short 
phase of deceleration is required as a result of eccen-
tric hamstring activation to compensate the forward 
moment, which can harm or damage the muscle-
tendon unit, and consequently increases the injury 
risk to hamstrings.47 During a futsal game, there is 
a greater proportion of high-intensity exercise such 
as sudden sprints (maximal or near-maximal single 
and multiple sprint bouts) compared to during a tra-
ditional soccer game.3 Thus, the H/Q ratio may be 
a useful variable to help identify muscle imbalances 
in futsal players, since it was related to both ham-
string strain injury42 and anterior cruciate ligament 
rupture.48

The current study showed acceptable values for con-
ventional concentric and mixed H/Q ratios in pre-
ferred leg. For nonpreferred leg, the conventional 
H/Q ratio presented acceptable values, while the 
mixed ratio presented average values lower than rec-
ommended (<0.80). Notably, the mixed H/Q ratio 
has been proposed to better reflect biomechanical 
conditions during sprints, passes and kicks.33 The 
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hamstring muscles play an important role in decel-
erating the extension of the lower limb on the thigh 
during ball-striking.39 Also, normally, futsal players 
have one preferred leg for specific skills.17 Thus, the 
authors hypothesized that because the nonpreferred 
limb performs fewer passes and kicks during a fut-
sal match, muscle imbalances may have increased 
in the nonpreferred limb. On the other hand, stud-
ies of soccer players have produced similar values 
between preferred and nonpreferred limbs in the 
conventional concentric and mixed Hecc/Qconc.

20,33 
For futsal players, there are no studies that used a 
similar protocol to determine conventional or mixed 
H/Q ratios in order for comparison to occur. 

Because hamstring strains are frequent in soccer and 
futsal players10,29 and muscle weakness and strength 
imbalance are considered to be their main causes,20 a 
standard protocol to screen for hamstring injury risk 
is necessary. Croisier et al.21 developed an isokinetic 
protocol for detecting strength imbalances during 
the preseason in soccer players based on cutoffs 
related to bilateral hamstring asymmetries and H/Q 
ratios. The criteria for being allocated to the groups 
of players with strength imbalances corresponded to 
a significant deficiency in at least two parameters as 
previously described. Croisier et al.21 observed that 
one in two players had isokinetic strength disorders 
(47%), and players who performed soccer activities 
performed with untreated strength imbalances had 
an increased four-fold increased risk of hamstring 
injury compared to players with normal strength 
balance profile.

Nevertheless, the use of isokinetic dynamometry 
for screening hamstrings for injury risk has demon-
strated contradictory results. Dauty et al.42 showed 
that the isokinetic test in the beginning season was 
able to predict a third of soccer players who would 
get injured during the season. Conversely, in a large 
cohort study of professional soccer players Van Dyk 
et al.49 observed that the use of isokinetic testing 
to determine the association between strength dif-
ferences and hamstring strain injury was not sup-
ported. Likewise, the meta-analysis by Freckleton 
and Pizzari50 showed that H/Q ratio was not associ-
ated with hamstring strain injury. These literature 
inconsistencies can be related to methodological 
aspects, including different angular velocities and 

types of muscle contraction (i.e., concentric and/or 
eccentric). 

Considering strength imbalances, Lehance et al.33 
reported that approximately one in three uninjured 
Belgian soccer players had strength imbalances in 
the preseason, including concentric or eccentric 
bilateral asymmetries and conventional or func-
tional H/Q ratio deficits, while in Australian soc-
cer players’ strength imbalances were observed in 
approximately one in four players.29 In the present 
study one in two Brazilian futsal players possessed 
strength imbalances, which related to hamstring 
injury risk criteria established by Croisier et al.20 
The current study used the isokinetic test as a tool 
to identify strength imbalances in futsal players. 
Therefore, when imbalances are identified, exer-
cise programs such as Fédération Internationale de 
Football Association’s “the 11+”51 Nordic hamstrings 
exercise52 and isoinertial eccentric-overload53 may 
be useful to increase the quadriceps concentric and 
hamstring concentric and eccentric peak torque, 
and improved mixed H/Q ratio in futsal players. 

Among the limitations of this study, it is well doc-
umented that the isokinetic dynamometer assess-
ment does not reflect the functional aspects of the 
practice of futsal. However, it is a useful tool for the 
objective evaluation of strength, and it can be used 
to identify strength imbalances in futsal players. In 
addition, the study did not include a prospective 
observation for hamstring injuries of futsal players 
during the full competitive season. To the authors 
knowledge, the present study is the first to test an 
isokinetic protocol for strength imbalances20 in elite 
futsal players. Future studies looking for develop-
ment of specific isokinetic screening protocols for 
futsal players, and the development of prevention 
strategies for hamstring injuries through prospective 
studies are needed.

CONCLUSION
Although the current study showed significant dif-
ferences between preferred and nonpreferred limbs 
peak torque outputs, elite futsal players did not have, 
as a group, bilateral asymmetries (>15%). In addi-
tion, conventional and mixed H/Q ratios showed 
acceptable average values; however, the mixed Hecc/
Qconc in the nonpreferred limb showed values lower 
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than those recommended (<0.80). In contrast, when 
analyzing the individual results, one in two elite fut-
sal players had preseason strength imbalances per 
the developed criteria, which may be impact the risk 
of hamstring injuries. Therefore, coaches, physio-
therapists, athletic trainers, and sport physiologists 
could use isokinetic tests to identify strength imbal-
ances and consider the use of a preventive training 
program to reach a strength balance in lower limbs 
before the competitive season begins.
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ABSTRACT
Background: Self-massage is a ubiquitous intervention similar to massage, but performed by the recipient him- or 
herself rather than by a therapist, most often using a tool (e.g., foam roller, roller massager). Self-massage has been 
found to have a wide range of effects. It is particularly known for increasing flexibility acutely, although not always. 
The variability of the results in previous studies may potentially be a function of the tool used. Recent findings also 
suggest that self-massage exerts global effects. Therefore, increased flexibility should be expected in the areas adjacent 
to the ones treated.

Purpose: To investigate the acute effects of foam rolling and rolling massage of anterior thigh on hip range-of-motion 
(ROM) – i.e., hip extension and hip flexion – in trained men.

Methods: Eighteen recreationally active, resistance trained males visited the lab on two occasions over a 4-day period 
separated by at least a day. Each session included two baseline ROM measures of passive hip flexion and extension 
taken in a randomized fashion. Recording of baseline measures was followed by the intervention of the day, which 
was either foam rolling or rolling massage of the anterior thigh as per randomization. Immediately post intervention, 
passive hip flexion and hip extension ROM were reassessed. In order to assess the time course of improvements in 
ROM, hip flexion and hip extension ROM were reevaluated at 10, 20, and 30 minutes post-intervention.

Results: Hip flexion and hip extension ROM increased immediately following both interventions (foam rolling or 
roller massager) and remained increased for 30 minutes post intervention. Foam rolling was statistically superior in 
improving hip flexion and hip extension ROM immediately post intervention. However, immediately post-interven-
tion was the only time point that measurements exceeded the minimum detectable change for both interventions. 

Conclusion: Both foam rolling and rolling massage appear to be effective interventions for improving hip flexion and 
extension ROM when applied to the anterior thigh, but the observed effects are transient in nature.

Level of evidence: 2b

Key words: Flexibility, foam rolling, rolling massage, self-manual therapy, self-myofascial release 
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only for 60 seconds, and the same test was used to 
measure ROM, the ROM increased by 8.6°.3 While 
the difference between the studies may be explained 
by different pressures applied, as the participants of 
the former were instructed to apply as much of their 
body mass as possible onto the foam roller2 and the 
pressure in the latter study was controlled by a cus-
tom-made device,3 the influence of the type of tool 
used on the observed effect cannot be discounted. 
Furthermore, while the differences between the 
aforementioned studies are small and it is unclear 
whether the outcomes are real or meaningful, the 
results cannot be extrapolated to other modalities or 
body parts. Thus, more work is needed to understand 
the effect of different self-massage tools in order to 
guide appropriate practice. Specifically, should the 
effects be dependent on the type of the tool applied, 
it is important that practitioners are aware of it as to 
make their treatment more time-efficient.

Recent findings suggest that self-massage elicits global 
effects; that is, when one area of the body is treated, 
the effects are extended to neighboring regions. For 
example, it has been recently shown that overhead 
deep squat performance improved regardless of the 
body part rolled (i.e., lateral thigh, plantar surface of 
the foot, and lateral side of the trunk).12 Furthermore, 
Aboodarda et al.13 showed that pain pressure toler-
ance increases both in the ipsilateral (treated) calf as 
well as the contralateral one, and the same research 
group also demonstrated contralateral reductions 
in acute pain with evoked tetanic contractions after 
roller massage.14 Similarly, Kelly & Beardsley15 dem-
onstrated a cross-over effect, whereby foam rolling 
the calf increased both ipsilateral and contralateral 
ROM of the ankle. However, whether the effects of 
self-massage are extended to different directions of 
movement about the same joint remains unclear. 
These findings have important clinical implications, 
in that non-local effects may be beneficial in rehabili-
tative protocols when an individual’s skin or muscle 
is hypersensitive; for example, following surgery. 
That is, non-local effects allow for treatment out-
comes (increased ROM) without the potential harms 
associated with direct contact.

Therefore, the purpose of this study was to inves-
tigate the acute effects of foam rolling and rolling 
massage of the anterior thigh on hip ROM – i.e., 

INTRODUCTION
Self-massage is a ubiquitous intervention similar 
to massage, but performed by the individual rather 
than by a therapist, most often using a tool. Self-mas-
sage has been found to have wide range of effects.1 
It is particularly known for increasing flexibility 
acutely,2–5 although not always.6,7 Importantly, self-
massage has been found to increase range of motion 
(ROM) without impeding neuromuscular perfor-
mance,1 based on no attenuation of maximal volun-
tary contraction,2,4,5 muscle activation as assessed by 
interpolated twitch technique,2 rate of force develop-
ment,2,5 twitch force2,4 and half relaxation time,2 and 
electromechanical delay.4 While not fully elucidated, 
many possible mechanisms have been proposed for 
the aforementioned effects, including both mechani-
cal and neurophysiological ones. Mechanical mech-
anisms describe a number of sub-mechanisms, 
such as fascial adhesions, piezoelectricity, cellular 
responses, myofascial trigger points, and/or thixo-
tropic and viscoelastic properties of the tissue.1 Neu-
rophysiological mechanisms can be divided into two 
primary submechanisms,1 spinal – associated with 
mechanoreceptors within muscle and fascia1,8 – and 
supraspinal – which include central pain modulation 
and descending noxious inhibitory control – both of 
which have been asserted to mediate perception.6,9 

While self-massage has been shown to increase ROM 
in the majority,1 but not all,6 of investigations, the 
degree of ROM increase has been variable.1 These 
differences in outcomes may not only be due to the 
muscle group treated, overall volume of treatment, 
and differences in the applied pressure, but also the 
type of the tool used,1 particularly since it has been 
suggested that even the type of foam roller can have 
an effect on pressure that is applied to the underly-
ing area.10 The two most commonly-employed tools 
for self-massage are the foam roller2,6,11 and roller 
massager.3–5 Roller massagers are similar to foam 
rollers in that they consist of a solid plastic cylinder 
enclosed by a small layer of dense foam, but differ 
from foam rollers insofar as they have a central axle 
that is grasped by hands, and that way applied to dif-
ferent parts of the body.1 MacDonald et al.2 applied a 
foam roller to the quadriceps muscle group for 2 sets 
of 60 seconds and observed an increase in knee joint 
ROM by 10.6° post intervention. When a roller mas-
sager was applied to the same muscle group, albeit 
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Declaration of Helsinki and the study was approved 
by the Institutional Review Board of University Hos-
pital Clementino Fraga Filho of the Federal Univer-
sity of Rio de Janeiro. 

Experimental design
A single-blinded, randomized, crossover, within-sub-
ject design was used (Figure 1). Subjects visited the 
laboratory on two occasions over a four-day period 
with at least a day between each visit. Each session 
included two baseline ROM measures of passive hip 
flexion and extension, the order of which was ran-
domized. The two measures were later averaged 
(average baseline). Recording of baseline measures 
was followed by the intervention of the day, which 
was either foam rolling or rolling massage as per 
randomization. Immediately following the interven-
tion, passive hip flexion and extension ROM were 
measured again. In order to assess the time course 
of improvements in ROM, hip flexion and extension 
ROM were also measured at 10, 20, and 30 minutes 
post-intervention. These time points have been cho-
sen to make the results more comparable to previous 
work.2,5,17 Only the dominant limb was tested as ref-
erenced to the limb that they would kick a ball with.11 

Procedures

Self-massage 
Self-massage consisted of two protocols, depending 
on the tool used, both of which lasted for a single set 

hip extension and hip flexion – in trained men. If 
observed effects are ‘global’ rather than ‘local’, one 
can expect to see changes in both hip extension and 
hip flexion, while ‘local’ effects will only be reflected 
by changes in hip extension.

METHODS

Participants
Eighteen resistance-trained men from the local uni-
versity (age: 26.5 ± 4.2 years, height: 180.0 ± 4.2 cm, 
body mass: 92.8 ± 22.9 kg, BMI: 28.7 ± 6.3 m2/kg), 
with no prior foam rolling (FR) or rolling massage 
(RM) experience were recruited for the study. As per 
the questionnaire, participants had to be free of mus-
culoskeletal injury or pain and were without existing 
neurological conditions. If participants were found to 
be hypermobile during baseline testing, they were 
excluded from the study. An a priori sample size cal-
culation (effect size = 1.0; 1−β = 0.95; α = 0.05) 
using G*Power16 found that 12 participants would be 
sufficient to investigate the question posed; however, 
in order to increase statistical power by 50%, 18 were 
recruited. Anthropometric data included height (Sta-
diometer ES 2030 Sanny, São Paulo, Brazil) and body 
mass. Before the start of the study, all participants 
read and signed an informed consent document and 
a Physical Activity Readiness Questionnaire. Subjects 
were instructed to refrain from any lower body exer-
cise or strenuous activity throughout the duration of 
the study. All procedures were in accordance with 

Figure 1. Study design – POST-0 = immediately post; POST-10 = 10-minutes post; POST-20 = 20-minutes post; POST-30 = 
30-minutes post.
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electromyography recordings.18 Because the contact 
area during FR is likely greater, RM was applied with 
the self-massage stick at different angles in order 
to target all areas of the anterior thigh; i.e., medial 
(vastus medialis), lateral (vastus lateralis) and cen-
tral (rectus femoris). Subjects were instructed to roll 
between the acetabulum and quadriceps tendon in 
fluid, dynamic motions. The pressure application 
was controlled by a pain level scale, in which a score 
of one represented no pain at all and a score of 10 
represented the maximum pain that can be toler-
ated. Participants were instructed to apply pressure 
equivalent to between 6 and 8 on a pain level scale, 
similarly to instructions in previous work.5

Joint range of motion
Passive hip flexion and extension ROM of the domi-
nant limb were measured with a manual goniometer 
(Carci, São Paulo, BRA) using the standardized pro-
cedures outlined by Norkin and White.19  Hip flexion 
ROM was assessed in a supine position with the test 
knee flexed and the opposite knee extended (Fig-
ure 4A). A blood pressure cuff was placed under the 
lumbar spine and inflated to 60 mmHg, at which it 
was maintained for the duration of the measurement 
to ensure a stable lumbar spine.20 The test hip was 

of 120 seconds. This duration is similar to the study 
of MacDonald et al.,2 but different insofar as they 
split it into two sets.

The FR intervention was performed in a prone posi-
tion with the anterior thigh of the test limb atop the 
foam roller (Foam Roller Brazil, Porto Alegre, RS, 
Brazil) as demonstrated previously (Figure 2).6 The 
foam roller used in this study consisted of a hard 
inner core enclosed in a layer of ethylene vinyl 
acetate foam, and has been shown to produce more 
pressure on the soft tissue.10 While keeping the knee 
of the dominant limb extended, participants were 
instructed to use their arms and the non-dominant 
limb to propel themselves backward and forward on 
the foam roller between the acetabulum and quad-
riceps tendon in fluid, dynamic motions. Subjects 
were encouraged to support their entire bodyweight 
with the foam roller and thus maximize pressure on 
the foam roller. 

The RM intervention was performed with a self-mas-
sage stick (Stick Trigger Point Technologies, Austin, 
Texas, USA) up and down the anterior aspect of the 
thigh while in a seated position with the knee rest-
ing and extended. Subjects would then flex forward 
with their trunk to massage their anterior thigh. 
While it could be argued that this position placed 
the muscles of the thigh in an active state, the mus-
cles are still thought to be relaxed as evidenced by 

Figure 2. The foam rolling procedure. A. starting point, B. 
end point.6

Figure 3. The rolling massage procedure. A. starting point, 
B. end point.
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and qualitative interpretation of the data.24 For dif-
ferences with a 95% CI that includes zero, it cannot 
be concluded that the observed differences are not 
due to chance alone; in other words, the observation 
are statistically different from one another when the 
95% CI of differences does not equal zero. Addition-
ally, Cohen’s d effect-sizes were calculated using 

the formula d
M

S
d

d

= , where Md is the mean differ-

ence and sd is the standard deviation of differences. 
This calculation differs slightly from traditional 
Cohen’s d calculations, in that it better represents 
within-subject differences, whereas the traditional 
Cohen’s d formula is better fit for between-subject 
comparisons.25–27 Cohen’s d effect-sizes were defined 
as small, medium, and large for 0.2, 0.5, and 0.8, 
respectively.28 The combination of effect-sizes and 
95% CI will therefore allow for a more nuanced and 
less polarizing interpretation of the results of the 
study. 

In order to ensure that measures were greater than 
measurement error, minimum detectable change 
(MDC) scores were calculated at the 95% level. In 
order to calculate MDC, standard error of measure-
ment (SEM) was calculated first, using the formula 
SEM SD ICC= −test 1 1 , where SDtest 1 is the standard 
deviation of scores from the first test and ICC is the 
test-retest intraclass correlation coefficient. Then, 
MDC at the 95% level was calculated using the for-
mula MDC SEM= 196 2. ( ) . MDC is distinctly differ-
ent from testing to see if the difference between pre 
and post intervention measurements differs from 
zero, as MDC strictly pertains to measurement error 
calculated from the reliability of measurement, 
while testing to see if changes differ from zero per-
tains to the change score and its variance relative to 

flexed passively to the point of discomfort or anatomi-
cal limitation. The researcher aligned the axis of the 
goniometer with the greater trochanter and the arms 
of the goniometer with the lateral condyle of the 
femur and the mid-axillary line. When the trunk and 
thigh were collinear, hip flexion ROM was defined as 
0° (positive ROM was defined by flexion of the hip). 
Hip extension ROM was assessed in a prone position 
with the knees extended (Figure 4B). The test hip 
was extended passively to the point of discomfort or 
anatomical limitation without the anterior thigh los-
ing contact with the ground. To measure hip exten-
sion ROM, the experimenter aligned the axis of the 
goniometer with the greater trochanter, and the arms 
of the goniometer with the lateral epicondyle of the 
femur and the mid axillary line. When the trunk and 
thigh were collinear, hip extension ROM was defined 
as 0° (positive ROM was defined by extension of the 
hip). The arms were relaxed beside the body through-
out ROM testing. The same experimenter collected 
all ROM data and was always blinded as to the inter-
vention to which the participants had been subjected.

Statistical methods
In order to identify differences between different 
time points, 95% confidence intervals (CI) of the 
change scores from the greatest baseline measure 
were calculated. 95% CI of the difference between 
these change scores were then calculated in order 
to identify between-intervention differences.21 Nor-
mality of the differences was ensured using the 
Shapiro-Francia test. Rather than traditional null 
hypothesis statistical testing, 95% CI were used in 
order to prevent the dichotomous interpretation of 
the results,22,23 to increase the likelihood of correct 
interpretation,22 and to allow for a more nuanced 

Figure 4. Passive hip range of motion measurements. A = passive hip flexion; B = passive hip extension.
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Intervention with RM produced statistical increases 
in hip flexion and extension ROM when compared to 
the baseline (Table 3). Moreover, it remained statisti-
cally increased for 10- and 20-minutes post interven-
tion, for both hip flexion and extension, respectively, 
with large effect sizes. However, for both hip flexion 
and extension, it only exceeded MDC immediately 
post and 10-minutes after intervention.

FR was statistically superior in improving hip exten-
sion ROM as compared to RM immediately post 
intervention relative to the baseline values with 
large effect size, as well as 30-minutes post with 
medium effect size (Table 3). Greater statistical 
increases in hip flexion ROM were also achieved in 
the FR condition as opposed to RM immediately post 
intervention and at 10- and 30-minutes post inter-
vention (Table 3) with medium effect sizes. No other 
differences were found between interventions, and 
none of the observed differences exceeded the MDC. 

DISCUSSION
The purpose of this study was to investigate the acute 
effects of foam rolling and rolling massage of ante-
rior thigh on hip range-of-motion in trained men. 
The main findings of this study were: 1) FR and RM 
resulted in increased hip flexion and hip extension 
ROM immediately post intervention as compared to 
the baseline average, but these effects started to fall 
below the MDC in as little as 10 minutes; 2) FR was 
superior for improving hip flexion and hip extension 
ROM as compared to RM immediately post inter-
vention, but this difference was not greater than the 
MDC; 3) FR was superior at improving hip flexion 
ROM as compared to RM 30-minutes post interven-
tion, but these differences did not exceed the MDC.

To the authors’ knowledge, this is the first study to have 
directly compared the acute effects of foam rolling to 

zero. For example, a change score can differ from 
zero, but still be within the MDC, or vice versa.

RESULTS
ICCs for baseline ROM measures and MDCs are pre-
sented in Table 1.

The means and standard deviations of ROMs for each 
condition and time point are presented in Table 2.

Mean within- and between-condition differences 
with accompanying 95% CIs and effect sizes are 
presented in Table 3. Hip flexion ROM statistically 
increased immediately after intervention with FR 
as compared to the baseline (Table 3). Further-
more, it remained statistically increased for 10-, 
20-, and 30-minutes post intervention, respectively, 
with large effect sizes, but did not exceed MDC at 
30-minutes post intervention. Similarly, hip exten-
sion ROM was statistically greater after the FR treat-
ment and remained statistically increased for 10-, 
20-, and 30-minutes post intervention, respectively, 
with medium to large effect sizes (Table 3). How-
ever, it only exceeded MDC immediately following 
treatment.

 Baseline mean Post 0 Post 10 Post 20 Post 30 

FR flexion 90.11 ± 6.91 112.00 ± 9.15 107.11 ± 11.52 101.00 ± 7.58 95.89 ± 6.63 

FR extension 7.11 ± 3.77 15.89 ± 3.39 12.22 ± 2.73 10.56 ± 2.97 8.67 ± 3.00 

RM flexion 92.56 ± 7.12 108.44 ± 9.27 103.44 ± 9.91 98.56 ± 8.91 91.89 ± 7.69 

RM extension 7.22 ± 2.18 12.78 ± 2.92 11.33 ± 2.91 9.33 ± 2.91 7.78 ± 1.80 

FR = foam rolling, RM = rolling massage; ‘Baseline mean’ = average of the two baseline scores,  
‘post 0’ = immediately after intervention, ‘post 10’ = 10 minutes after intervention,  
‘post 20’ = 20 minutes after intervention, ‘post 30’ = 30 minutes after intervention. 

Table 2. Means and standard deviation for hip range-of-motion 
across conditions and time points. All results are expressed in degrees.

ICC baseline flexion FR 0.712 (95% CI = 0.376–0.882) 
ICC baseline extension FR 0.609 (95% CI = 0.206–0.834) 
ICC baseline flexion RM 0.535 (95% CI = 0.129–0.793) 
ICC baseline extension RM 0.583 (95% CI = 0.194–0.818) 
MDC flexion FR 10.31º
MDC extension FR 6.57º
MDC flexion RM 13.77º
MDC extension RM 4.02º
ICC= Intraclass Correlation Coefficient; MDC = Minimal Detectable Change; 
FR = foam rolling, RM = rolling massage. 

Table 1. Intraclass correlation coefficients between the two 
baseline measures of range of motion and minimal detect-
able change for each measure of range of motion to ascer-
tain reliability of baseline measures and assess whether the 
changes were greater than measurement error, respectively.



The International Journal of Sports Physical Therapy | Volume 13, Number 1 | February 2018 | Page 110

Both interventions resulted in statistically increased 
ROM for 30-minutes post intervention. Findings 
from previous studies investigating the time course 
of acute effects of self-massage on increases in ROM 
are unclear, as some have found ROM to be increased 
only immediately post intervention,11 while others 
have found increases for at least 10 minutes,2,5,17 but 
not 30 minutes following the intervention.17 The dis-
crepancy between studies may be a function of many 
parameters, including muscle group treated, volume 
of the intervention, level of pressure, and method of 
testing ROM. Considering the MDC in our study, hip 
extension ROM following FR and flexion following RM 
increased ROM only immediately post intervention, 
while hip extension ROM following RM remained 
increased 10 minutes post intervention. The former 
results are in line with Škarabot et al.,11 while the lat-
ter are in agreement with other studies.2,5,17 

Interestingly, it was found that self-massage applied 
to the anterior thigh not only affects hip extension – 
as has been shown previously4,6,30,31 – but also affects 
hip flexion. This is a novel and important finding, 
as it suggests that the ROM effects of self-massage 
likely have a central component. Such a finding is in 
line with previous work by Aboodarda et al.,13 who 
found that self-massage applied to the calves not only 

that of roller massage, and it appears that, for both hip 
flexion and extension, neither intervention is neces-
sarily superior, because the differences between the 
two interventions did not exceed the MDC (Table 3). 
Although these interventions are similar, some differ-
ences do exist. For one, there are likely pressure dif-
ferentials between foam rolling and roller massage, 
which were not measured. Specifically, participants 
were instructed to support their whole bodyweight in 
the FR condition, thereby maximizing the pressure, 
while they were told to apply a pressure equivalent 
to between 6 and 8 on a 10-level pain scale. More-
over, the efforts required by the participant in order 
to achieve greater pressures in each condition cannot 
be discounted, as foam rolling may be more passive 
than roller massage, in which the pressure is directly 
proportional to the force output of the participant. 
At present, the effects of pressure and effort alone, 
in addition to their interaction, in improving ROM, 
to the authors’ knowledge, have yet to be fully eluci-
dated; however, recent work by Gabrow et al.29 sug-
gests that pressure differences result in more pain, 
but do not have implications for yielding differential 
active and passive ROM outcomes. Therefore, despite 
the fact that interventions in the present study likely 
resulted in different pressures, this should not have 
influenced the results.

Post 0 - baseline Post 10 - baseline Post 20 - baseline Post 30 – baseline 
Mean
difference 95% CI d Mean

difference 95% CI d Mean
difference 95% CI d Mean

difference 95% CI d

FR
flexion 

21.89
18.72, 25.06* 3.4 17.00 13.03, 20.97* 2.1 10.89 7.81, 13.96* 1.8 

5.78†
2.75, 8.81* 0.9 

FR
extension 

8.78
6.81, 10.74* 2.2 

5.11†
2.97, 7.25* 1.2 

3.44†
1.29, 5.60* 0.8 

1.56†
-0.27, 3.38 0.4 

RM
flexion 

15.89 11.98, 19.80* 2.0 10.88† 6.05, 15.73* 1.1 6.00† 2.37, 9.63* 0.8 -0.67† -3.37, 2.04 0.1 

RM
extension 

5.56 4.45, 6.66* 2.5 4.11 2.46, 5.76* 1.2 2.11† 0.77, 3.45* 0.8 0.56† -0.62, 1.73 0.2 

FR vs. 
RM
flexion† 

6.00
0.91, 11.09* 0.6 

6.11
0.00, 12.22* 0.5 

4.89
-0.05, 9.82 0.5 

6.44

1.66, 11.23* 0.7 

FR vs. 
RM
extension†

3.22
1.17, 5.27* 0.8 

1.00
-1.82, 3.82 0.2 

1.33
-1.31, 3.98 0.3 

1.00
-0.91, 2.91 0.2 

(*) illustrates statistically different as CI does not include 0; (†) illustrates values that did not exceed Minimum Detectable Change; 

FR = foam rolling, RM = rolling massage; ‘d’ = Cohen’s d; ‘baseline’ = average of the two baseline scores, ‘post 0’ = immediately after 

intervention, ‘post 10’ = 10 minutes after intervention, ‘post 20’ = 20 minutes after intervention, ‘post 30’ = 30 minutes after intervention

Table 3. Mean within- and between-condition differences in hip range-of-motion, 95% confidence intervals and effect 
sizes.
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responses to stretching interventions.40 Furthermore, 
analgesia induced by techniques such as self-massage 
could have been mediated by autonomic nervous 
system (ANS) activity;41 that is, a shift from sym-
pathetic to parasympathetic tone. The mechanism 
behind this ANS shift remains unclear, but it can be 
hypothesized that certain hormones and neuropep-
tides may be at play given that massage has been 
associated with changes in stress hormones42 (e.g., 
cortisol) and neuropeptides9 (e.g., endogenous opi-
oids, oxytocin and endocannabinoids), and that the 
aforementioned hormones and neuropeptides that 
are associated with a sympathetic shift also play a role 
in descending modulatory pathways,43,44 which could 
account for changes in ROM. In essence, descending 
inhibition may have a role in stretch tolerance and, 
due to its diffuse nature, may explain the non-local 
effects observed in this study and others.13,15,32,33 How-
ever, despite the logical basis for the aforementioned 
neurophysiological mechanisms, the present investi-
gation did not investigate them, and direct research 
into the mechanisms of self-massage are needed to 
further elucidate such mechanisms. 

There are a number of limitations that should be 
taken into account when interpreting the findings 
in this study. Firstly, although the investigator was 
blinded as to which intervention was performed, 
the investigator was not blinded as to whether or 
not the participant performed an intervention. It is 
therefore possible that both the investigator and par-
ticipant expected, and thus saw, improvements in 
ROM following each intervention. Moreover, goni-
ometry was used to measure hip ROM, which is less 
objective than motion capture; however, because 
the changes exceeded the MDC, at least some of 
the observed changes are likely real. Secondly, the 
pace of rolling was not controlled for in both con-
ditions, thereby reducing internal validity of the 
results due to the possibility of pace-dependent out-
comes.6 However, not controlling for pace enhances 
ecological validity of the findings, as it is a better 
representative of the scenario in practice. Thirdly, 
participants in this study were males, and different 
results may be observed in females. Lastly, passive 
ROM was measured and improvements in passive 
ROM may not necessarily transfer to mobility in 
functional movement patterns.45 However, from a 
perspective of central mechanisms, the results are 

increases pain pressure tolerance in the ipsilateral 
calf, but also the contralateral calf, suggesting cen-
tral pain modulation may be at play. More recently, 
Kelly & Beardsley15 demonstrated a crossover effect, 
whereby foam rolling the ipsilateral calf not only 
increased ipsilateral dorsiflexion ROM, but also con-
tralateral dorsiflexion ROM. These effects are simi-
lar to the non-local effects observed in stretching.32,33 
Furthermore, it has been suggested that self-mas-
sage of the agonist can impede muscle activation of 
the antagonist,34 but it should be noted that it cannot 
be said for certain that the observed difference was 
real, since it did not exceed the MDC.35 Therefore, it 
appears that the effects of self-massage are not spe-
cific to the region(s) treated. 

The ability for one to experience treatment effects in 
regions to where the treatment was not applied has 
important clinical applications. For example, if one 
has a wound to which pressure cannot be applied, 
but increased ROM is desired, such as following a 
proximal hamstrings repair,36 then self-massage 
applied to the quadriceps may be a viable option 
for increasing hip flexion ROM. The findings of this 
investigation and others13,15,32,33 evidence that non-
local changes do indeed occur, which can allow for 
practitioners to improve their patients’ ROM with-
out endangering the potentially-sensitive tissue sur-
rounding the muscle of interest. Lastly, the choice 
of modality (i.e., FR or RM) may not be as important 
for maximal effectiveness.

In addition to the ROM findings, the results of this 
present study are also consistent with previous work 
by the authors of the present experiment.37,38 More 
specifically, it was found that self-massage applied 
to the agonist or antagonist musculature affected 
agonist performance during multiple sets of knee 
extensions. These effects were hypothesized to be 
attributable to a central opioidergic response, which 
could also account for the improvements in ROM 
observed in this present study.9 Specifically, in more 
noxious variations of massage therapy, such as self-
massage, a descending inhibitory response is elicited 
via endogenous opioids and other neuropeptides act-
ing on the periaqueductal grey and rostral ventrome-
dial medulla.9 On a psychological level, such effects 
may be modulated by expectations,39 which have 
been shown to affect force inhibition/facilitation 
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 8. Behm DG, Peach A, Maddigan M, et al. Massage and 
stretching reduce spinal reflex excitability without 
affecting twitch contractile properties. J Electromyogr 
Kinesiol. 2013;23(5):1215-1221. 

 9. Vigotsky A, Bruhns R. The role of descending 
modulation in manual therapy and its analgesic 
implications: a narrative review. Pain Res Treat. 2015.

10. Curran PF, Fiore RD, Crisco JJ. A comparison of the 
pressure exerted on soft tissue by 2 myofascial 
rollers. J Sport Rehabil. 2008;17(4):432-442.

11. Škarabot J, Beardsley C, Štirn I. Comparing the 
effects of self-myofascial release with static 
stretching on ankle range-of-motion in adolescent 
athletes. Int J Sports Phys Ther. 2015;10(2): 
203-212.

12. Monteiro ER, Škarabot J, Vigotsky AD, Brown AF, 
Gomes TM, Novaes J da S. Acute effects of different 
self-massage volumes on the FMSTM overhead deep 
squat performance. Int J Sports Phys Ther. 
2017;12(1):94-104.

13.  Aboodarda S, Spence A, Button D. Pain pressure 
threshold of a muscle tender spot increases 
following local and non-local rolling massage. BMC 
Musculoskelet Disord. 2015;16(1):265.

14.  Cavanaugh MT, Döweling A, Young JD, et al. An 
acute session of roller massage prolongs voluntary 
torque development and diminishes evoked pain. 
Eur J Appl Physiol. 2017;117(1):109-117. 

15.  Kelly S, Beardsley C. Specific and cross-over effects 
of foam rolling on ankle dorsiflexion range of 
motion. Int J Sport Phys Ther. 2016;11(4):544-551.

16.  Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power 
3: A flexible statistical power analysis program for 
the social, behavioral, and biomedical sciences. 
Behav Res Methods. 2007;39(2):175-191.

17.  Jay K, Sundstrup E, Søndergaard SD, et al. Specific 
and cross over effects of massage for muscle 
soreness: randomized controlled trial. Int J Sports 
Phys Ther. 2014;9(1):82-91.

18.  He H, Kiguchi K, Horikawa E. A study on lower-limb 
muscle activities during daily lower-limb motions. 
Int J Bioelectromagn. 2007;9(2):79-84.

19.  Norkin C, White J. Measurement of Joint Motion: A 
Guide to Goniometry. F.A. Davis Company; 2009.

20.  Moreside J, McGill S. Quantifying normal 3D hip 
ROM in healthy young adult males with clinical and 
laboratory tools: hip mobility restrictions appear to 
be plane-specific. Clin Biomech (Bristol, Avon). 
2011;26(8):824-829.

21.  Gardner MJ, Altman DG. Confidence intervals 
rather than P values: estimation rather than 
hypothesis testing. Br Med J (Clin Res Ed). 
1986;292(6522):746-750.

still relevant. Future studies in the area should try 
to expand these findings onto functional movement 
patterns. Notwithstanding these limitations, this 
work has important clinical and mechanistic impli-
cations, as it demonstrates that self-massage applied 
to the anterior thigh will not only increase hip exten-
sion ROM, but also hip flexion ROM. 

CONCLUSIONS
The results of the present study indicate that FR 
and RM of the anterior thigh are equally effective at 
increasing hip flexion as well as hip extension ROM. 
These findings strongly suggest that the mechanisms 
for changes in ROM are at least partially central in 
nature, and further suggest that self-massage has a 
global effect. More data are needed to investigate the 
effects of foam rolling and roller massage on other 
joints and in other populations (e.g., rehabilitative). 
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ABSTRACT

Study design: Case series

Background and purpose: The literature has emphasized the use of exercise as an intervention for indi-
viduals with lumbopelvic pain. However, there is limited information to guide clinicians in exercise selec-
tion for those with sacroiliac (SI) joint dysfunction. Altered function of the gluteus maximus has been 
found in those with SI joint dysfunction. The objective of this case series was to assess the effectiveness of 
an exercise program directed at increasing gluteus maximus strength in those with clinical tests positive 
for SI joint dysfunction. 

Case descriptions: The eight subjects in this series presented with lumbopelvic pain and clinical evidence 
of SI joint dysfunction. Each subject underwent 10 treatments over five weeks consisting of five exercises 
directed at strengthening the gluteus maximus. Radiological assessment and clinical examination were 
performed to rule out potential concurrent pathologies. Visual analog pain scale, the Oswestry Disability 
Index, and strength assessed via hand held dynamometry were measured pre- and post-intervention.

Outcomes: A significant (p<0.001) weakness in gluteus maximus was noted when comparing the unin-
volved and involved sides pre-intervention. After completing the strengthening exercise program over 10 
visits, statistically significant (p<0.002) increases in gluteus maximus strength and function were found, 
as well as a decrease in pain. All subjects were discharged from physical therapy and able to return to their 
normal daily activities. 

Discussion: The results of this case series support the use of gluteus maximus strengthening exercises in 
those with persistent lumbopelvic pain and clinical tests positive for SI joint dysfunction.

Key words: Hip, low back pain, rehabilitation, sacroiliac joint
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BACKGROUND AND PURPOSE
Despite sacroiliac joint (SI) dysfunction being a well-
documented clinical entity that can result in pain 
and loss of function,1 there is little research avail-
able to direct treatment interventions. This includes 
specific exercise selection. Previous authors have 
suggested that altered gluteus maximus muscle func-
tion can be associated with SI joint dysfunction.2-7 
However, the effectiveness of an exercise program 
directed at increasing gluteus maximus strength in 
those with clinical tests positive for SI joint dysfunc-
tion has not been studied.

The SI joint provides the link for ground reaction 
forces between the lower extremities and trunk 
during weight-bearing activities.4 Proper activation 
of abdominal, leg, and back musculature allow for 
normal load transmission across the lumbopelvic 
region.8,9 Specifically, a relationship between the 
gluteus maximus and SI joint has been studied.2,3 
Anatomical studies suggest the gluteus maximus 
can contribute to stabilizing the SI joint with muscle 
fibers being perpendicular to the joint surfaces.5,6 
Additionally, activation of the gluteus maximus was 
found to increase compressive force across the SI 
joint.5,6 Clinical studies have shown individuals with 
SI joint dysfunction demonstrate abnormal gluteus 
maximus recruitment during weight bearing activi-
ties.4 Therefore it is hypothesized that weakness of 
the gluteus maximus can be related to abnormal 
loading of the SI joint and be a cause of the impair-
ments associate with SI joint dysfunction.3 

There is evidence to suggest that exercises directed 
at improving gluteus maximus function should be 
included as an intervention in those with SI joint 
dysfunction. The aim of this study was to report the 
outcome of eight subjects with lumbopelvic pain 

and clinical tests positive for SI joint dysfunction 
who participated in an exercise program directed 
at increasing gluteus maximus strength. This work 
received approval from the Institutional Review 
Board of Santa Casa Hospital, São Paulo-SP, Brazil 
and all participants gave informed, written consent 
prior to participation.

CASE DESCRIPTION
The eight subjects were evaluated at baseline and 
after 10 treatment sessions. The mean age of the sub-
jects was 33 years (range, 18-43 years), 4 females and 4 
males, 6 were considered sedentary and 2 were active, 
with average pain duration of 13 months (range, 5-24 
months). (Table 1) All subjects were recruited at Santa 
Casa Hospital. Evaluation consisted of an assessment 
of trunk and hip range of motion, visual analog scale 
[VAS] pain assessment10 and self-reported level of func-
tion using the Oswestry Disability Index.11,12 Gluteus 
maximus strength was measured with a hand-held 
dynamometer.13 Slump Test,14 Laseque straight-leg 
maneuver,15 Piriformis Test (buttock or sciatic pain 
during hip medial rotation), Grava Test (pain during 
hip adduction and abdominal contraction in a prone 
position),16 flexion-abduction and external rotation 
test (FABER),17 and the Scour Test,18 were performed 
to rule out concurrent sources of symptoms. 

Four clinical tests were used to assess for SI dysfunc-
tion, as described by McGrath et al.19 These tests 
included the SI compression, SI distraction, Squish, 
and Gaenslen.19 Subjects were considered to have SI 
dysfunction when at least three out of four of these 
tests were positive with pain provocation.19 The results 
of these tests are provided in Table 2. Only subjects 
with clinical evidence of SI dysfunction were included 
in the study. Moreover, all subjects included in this 

Table 1. Results of pain and functional scales at baseline and 
re-evaluation.

Subjects Age (year) Gender Relevant History Symptom duration

1 18 Female Sedentary / Student 5 months
2 32 Male Recreational soccer player 1 year
3 27 Male Run 3 times per week 1 year
4 40 Female Sedentary / Teacher 2 years
5 38 Female Sedentary 6 months
6 41 Female Sedentary 1 year
7 43 Male Sedentary / Driver 10 months
8 26 Male Sedentary 2 years
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approximately 30 minutes. In the first five ses-
sions, subjects performed the following exercises to 
strengthen the gluteus maximus: bilateral bridge, 
unilateral bridge, and non-weight-bearing hip exten-
sion in prone with the knee flexed at 90 degrees. In 
the next five sessions, abduction and external rota-
tion in a quadruped (“fire hydrant” exercise) and 
weight-bearing hip extension (known as “deadlift” 
exercise) (Figure 1) were added. This exercise pro-
gram was developed and based on previous electro-
myography studies.20,21 Each exercise was performed 
for 10 repetitions. Elastic resistance was added to 
the fire hydrant, hip extension in prone and dead-
lift exercises to allow each subject to perform at a 
10-repetition maximum. The resistance for each 

study had unilateral lumbopelvic pain in the SI region 
for at least 12 weeks (chronic) and had no previous 
physical therapy treatment. Subjects with clinical and 
imaging evidence of any spinal or pelvic co-morbidity 
potentially responsible for pain radiating through the 
sacroiliac region, signs of lower limb length discrep-
ancy, or with cognitive deficiency were excluded. 

It is important to highlight that none of the subjects 
had SI joint degeneration, as evaluated by antero-
posterior pelvic X-rays. 

Exercise Protocol for Gluteus Maximus Strength
The subjects attended physical therapy two times 
per week for a total of 10 visits. Each visit lasted 

Table 2. Results of clinical tests.
Tests Subjects 1 2 3 4 5 6 7 8

Slump - - - - - - - - -
Lasegue - - - - - - - - -
Piriformis - - - - - - - - -
Grava - - - - - - - - -
FABER - - - - - - - - -
Scour - - - - - - - - -
Compression + + + + + + + +
Distraction + + + + + + + + -
Squish + + + + + + + + +
Gaenslen - + - - + - - - +
Abbreviation: + (positive test), - (negative test); FABER= Flexion, abduction, external rotation test 

Figure 1. Exercises of the gluteus maximus strengthening program. A) Bilateral bridge, B) Unilateral bridge, C) Hip abduction 
in quadruped, D) Hip extension in prone (with knee fl exed), E) Dead lift.
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effort was used. A pilot study was performed to 
assess reliability of this strength assessment. Eight 
healthy volunteers (four men and four women) were 
tested according to the protocol described above. 
The results of measuring muscle strength indicated 
good reliability, with intraclass correlation coeffi-
cients (ICCs 2,1) of 0.86.11,16

A comparison between the pre- and post-interven-
tion was performed using the paired t-test with p 
values set at 0.05. The software Statistical Package 
for Social Sciences (SPSS), version 19.0 was used for 
these analyses.

OUTCOMES
The results of the strength assessments are provided 
in Table 3. Significant (p<0.001) gluteus maximus 
weakness was noted when comparing the uninvolved 
to involved sides. After completing the 5-week exer-
cise program, a significant (p=0.002) increase in 
gluteus maximus strength on the involved side was 
found, ranging from 17%-29% (Table 3). No changes 
were observed on the uninvolved side in the pre- 
versus post-treatment analyses. Additionally, a sig-
nificant (p<0.001) decrease in pain as noted on 
the VAS and a significant (p<0.001) increase self-
reported function as noted with by the Oswestry 
(Table 4) were also identified when comparing pre- 
and post-intervention values. All subjects were dis-
charged from physical therapy and able to return to 
their normal daily activities. 

DISCUSSION
The results of this case-series indicate that subjects 
with persistent pain in the lumbopelvic region and 

subject was adjusted weekly as needed. The exer-
cise program was performed under direct supervi-
sion only during the physical therapy sessions.

Measuring Muscle Strength 
The strength of the gluteus maximus was evaluated 
by measuring the maximum isometric voluntary 
contraction using a hand-held dynamometer (Lafay-
ette Instrument Co, Lafayette, IN). Strength testing 
was performed with the subject in a prone position, 
the knee flexed to 90 degrees, and hip in slight lat-
eral rotation. The dynamometer was positioned on 
the distal third of the posterior aspect of the femur 
and stabilized with an inelastic band secured to the 
treatment table prevent lower extremity movement 
(Figure 2). During strength testing, two submaximal 
trials were used to familiarize the subjects with the 
testing procedure.22,23 This was followed by three tri-
als of maximum isometric effort. For data analysis, 
the average value of the three trials of maximum 

Figure 2. Position for gluteus maximus strength assessment. 

Table 3. Strength of gluteus maximus muscle in the involved and 
uninvolved side at baseline and re-evaluation (5-week post-treatment 
evaluation).

Re-evaluation (kg) Change (%)**
Subjects Uninvolved Involved Involved Involved

1 19.6 15.5 19.2 23.9
2 24.8 20.2 24.9 23.3
3 22.9 19.7 24.6 24.9
4 14.7 12.1 15.4 27.3
5 16.9 13.9 17.3 24.5
6 15.4 13.1 17.0 29.8
7 23.9 20.5 25.1 22.4
8 26.3 22.3 26.1 17.0

Baseline (kg)*

* Statistically different between groups (p<.001)
** Statistically different post-treatment in the involved side (p=.002)
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stabilized the SI joint, subjects in this study had a 
significant decrease in pain and improvement in 
function. 

Previous research has shown that exercises are effec-
tive in altering pain and functional disability in sub-
ject with segmental lumbar instability and altered 
motor recruitment patterns.25 It has been hypothe-
sized that delayed onset of the gluteus maximus may 
alter the compressive force on the SI joint and hin-
der mechanisms required for load transfer. Delayed 
onset of the gluteus maximus contraction has been 
identified in those with SI joint pain.4 Therefore it 
would seem appropriate that exercises should be 
directed at improving the gluteus maximus timing 
and function. While it is not known whether the glu-
teus maximus activation patterns were normalized, 
the subjects demonstrated an increase in strength 
and improved function.

In the treatment of those with low back pain, evi-
dence supports the use of the joint mobilization and 
exercise.26 Identifying SI dysfunction can be difficult 
in subjects with low back pain. Furthermore, diag-
nosing the exact cause of SI joint pain is controver-
sial. However, research suggests that SI dysfunction 
is present when three out of four tests (SI compres-
sion, SI distraction, squish, and Gaenslen) were posi-
tive.19 The results of the current case-series suggest 
that in those with lumbopelvic pain and clinical tests 
positive for SI joint dysfunction, exercise directed 
at strengthening the gluteus maximus should be 
included in the overall exercise program. When ana-
lyzing the strength assessment data of the subjects 
considered “active” (patients 2 and 3), there were no 
significant differences when compared to the sed-
entary subjects (others), which indicates a possible 
beneficial effect for both populations.

One of the limitations of this study was the small 
sample size, as is typical with case series research. 
However, even with only eight subjects significant 
differences in strength, VAS, and function were 
found. Considering the minimal clinically impor-
tant differences (MCID) used to measure pain and 
function,27 all subjects presented clinically signifi-
cant changes (Table 4): at least a reduction of two 
points on VAS scale,27 and a difference of six points 
on the Oswestry Disability Index questionnaire.28,29 

clinical tests positive for SI joint dysfunction dem-
onstrated gluteus maximus weakness when compar-
ing the involved and uninvolved sides. Following a 
five-week strengthening program directed at the glu-
teus maximus, subjects demonstrated a significant 
increase in function, decrease in pain, and increase 
in strength. These results support the inclusion of 
gluteus maximus strengthening exercises in those 
with persistent pain in the lumbopelvic region and 
clinical tests positive for SI joint dysfunction.

An exercise program is commonly included for 
those with SI pain. The rationale for strengthening 
exercises has included stabilization of the SI joint 
through dynamic muscle activity.24 The joint sur-
faces of the SI joint are flat and oriented in a vertical 
plane. While this alignment may be ideal for load 
transfer, the SI joint may be vulnerable to injury 
provoked by vertical shear forces.4 Additionally, the 
viscoelastic properties of the ligaments surrounding 
the SI joint may show a tendency to creep under 
prolonged loading. These studies suggest that the 
musculature and fascia of the lumbopelvic complex 
are required to stabilize the SI joint.2,5-7 Anatomi-
cal and biomechanical studies have supported the 
hypothesis that the gluteus maximus may gener-
ate compressive forces at the SI joint and assist in 
load transfer between the lower limb and trunk.2,5-7 
While it is controversial whether SI joint symptoms 
are a results of SI joint instability, the results of the 
current case series support the inclusion of gluteus 
maximus strengthening exercises to improve patient 
outcomes in those with SI joint dysfunction. While it 
is unknown if these exercises actually functionally 

Table 4. Results of pain and functional scales at baseline 
and re-evaluation.

Subjects
Before After Before After

1 10 1 80 14
2 9 1 82 28
3 8 2 76 16
4 10 0 96 0
5 8 3 78 32
6 8 2 72 26
7 7 0 84 0
8 10 1 90 16

VAS* Oswestry*

VAS= Visual analogue scale, 0-10 cm where 0 means "no pain"and 10 means 
"worst imaginable pain during last week", Oswestry (0-100 points, higher score 
represents more incapacity                                                            * Statistically 
different between groups for the VAS and Oswestry (p<.001)
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Development of a Brazilian Portuguese version of 
the Oswestry Disability Index: cross-cultural 
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2007;32(4):481-486.
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Benvenuti, F, Di Iorio A, Ferrucci L. Measuring 
muscular strength of the lower limbs by hand-held 
dynamometer: a standard protocol. Aging. 
1999;11(5):287-293.

14.  Reiman MP, Loudon JK, Goode AP. Diagnostic 
accuracy of clinical tests for assessment of hamstring 
injury: a systematic review. J Orthop Sports Phys 
Ther. 2013;43(4):223-231.

15.  Yazbek PM, Ovanessian V, Martin RL, Fukuda TY. 
Nonsurgical treatment of acetabular labrum tears: a 
case series. J Orthop Sports Phys Ther. 2011;41(5): 
346-353.

16.  Cohen M, Abdalla R. Sports Injuries: Diagnosis, 
Prevention and Treatment. Rio de Janeiro, Brazil: 
Revinter 2002.

17.  Philippon M, Schenker M, Briggs, K, Kuppersmith D. 
Femoroacetabular impingement in 45 professional 
athletes: associated pathologies and return to sport 
following arthroscopic decompression. Knee Surg 
Sports Traumatol Arthrosc. 2007; 15(7): 908-914.

18.  Magee, D. Musculoskeletal Assessment. São Paulo, 
Brazil: Manole. 2005, 4 ed.

19.  McGrath MC. Composite sacroiliac joint pain 
provocation tests: A question of clinical signifi cance. 
Int J Osteop Med. 2010;13: 24-30.

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

21.  Ekstrom RA, Donatelli RA, Carp KC. 
Electromyographic analysis of core trunk, hip, and 

Further research is needed using a longer follow-up 
period, larger sample size and include a multi-modal 
intervention program with mobilization and a com-
prehensive exercise program that includes gluteus 
maximus strengthening.

CONCLUSIONS 
The results of this case series of eight subjects with 
clinical tests positive for SI joint dysfunction with 
gluteus maximus weakness demonstrated improve-
ments in function, pain, and strength after complet-
ing a strengthening program. These results support 
the inclusion of gluteus maximus strengthening 
exercises in those with persistent lumbopelvic pain 
and clinical tests positive for SI joint dysfunction. 
Further research is needed to determine the short- 
and long-term effectiveness of this approach in the 
overall management of subjects with SI dysfunction. 
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ABSTRACT
Background and Purpose: Secondary impingement syndrome (SIS) is a common complaint in the sporting popula-
tion particularly among athletes engaging in overhead activities. While symptoms may be present at the shoulder with 
patients complaining of SIS, spinal alignment or dysfunction can influence scapular positioning and overall shoulder 
girdle function. As an adjunct therapy to traditional interventions for SIS, thoracic high-velocity low-amplitude (HVLA) 
thrusts have been utilized and correlated with patient reported decreases in pain. Mulligan Concept (MC) thoracic 
sustained natural apophyseal glides (SNAGs) are an emerging treatment intervention utilized to treat patients with 
shoulder pain and dysfunction as the evidence supporting an interdependent relationship between the thoracic spine 
and the shoulder is growing. The purpose of this case series was to investigate the effects of one MC thoracic SNAG 
treatment session on subjects classified with SIS, while utilizing a classification-based treatment protocol. 

Case Descriptions: Seven subjects classified with SIS were treated utilizing a MC thoracic SNAG. The Numeric Rating 
Scale (NRS) was administered at initial evaluation, immediately following intervention, and at the 48-h follow-up to 
identify patient-reported pain during range of motion, manual strength testing, and special tests of the shoulder. 
Investigators collected the Shoulder Pain and Disability Index (SPADI) at initial evaluation and the 48-h follow-up to 
identify patient-reported dysfunction. 

Outcomes: Following one MC thoracic SNAG treatment (3 sets of 10 repetitions), minimal clinically important differ-
ences (MCIDs) were reported utilizing the NRS. A decrease in pain during active shoulder abduction (ABD) was 
detected immediately post-treatment, and the NRS change scores for resisted external rotation (RER) and active ABD 
were statistically different and clinically important at the 48-h follow-up. 

Discussion: Based on the results of this case series, thoracic SNAGs may influence short-term pain levels and shoul-
der mobility in the included subjects with SIS and support the concept of regional interdependence (RI) between the 
thoracic spine and glenohumeral joint. Continued exploration into the proposed benefits of the MC thoracic SNAG 
treatment as an adjunct therapy when treating patients complaining of SIS is warranted.

Key Words: Impingement syndrome, regional interdependence, intervention
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BACKGROUND AND PURPOSE
Secondary impingement syndrome at the glenohu-
meral joint, accounts for up to 44%-65% of all shoul-
der related medical visits.1-6 Secondary impingement, 
defined as impingement secondary to instability in 
the shoulder, occurs mostly in athletes, under 35 
years of age, and completing overhead activity.7 

Commonly, the physical presentation of patients 
classified with SIS includes a slouched posture or 
kyphosis,2 which is indicated by an increase of tho-
racic spine flexion, resulting in decreased elevation 
of the glenohumeral joint.8,9 A kyphotic posture may 
predispose athletes who participate in overhead 
sports such as swimming, tennis, baseball, football, 
volleyball, or javelin prone to developing symptoms 
of SIS due to the added demands of sporting activi-
ties at the shoulder.8,10-13 Patients with SIS may also 
develop compensatory motor patterns in the gleno-
humeral joint and thoracic spine in order to protect 
painful tissue.8 Dysfunction of the thoracic spine 
may influence shoulder complex function, there-
fore treatment focused away from the local gleno-
humeral joint on the thoracic spine could result in 
changes in shoulder pain and function.14,27

In response, clinicians and researchers alike have 
begun to utilize the regional interdependence (RI) 
model to treat patients classified with SIS as the 
available evidence is limited regarding which tra-
ditional treatment method (i.e., rest, non-steroidal 
anti-inflammatory drugs [NSAIDs], corticosteroid 
injections, therapeutic exercise, passive modalities, 
and manipulation) is recommended.9,13 Regional 
interdependence is defined as, “seemingly unrelated 
dysfunction in a separate region of the body that 
may contribute to the patient’s chief complaint”.14, p. 90

Utilizing the RI model and treating the thoracic 
spine utilizing interventions such as high-velocity 
low-amplitude (HVLA) thrusts and sustained natural 
apophyseal glides (SNAGs) in clinical practice cre-
ates an expanded approach for treating SIS beyond 
the traditional local techniques.1

Application of HVLA thrusts occurs as a Grade-5 
manipulation at the end-range of joint motion per-
formed on a bony prominence and distinguished 
from other forms of manual therapy by an audible 
“pop”.18-22 Comparatively, Mulligan Concept (MC) 
sustained natural apophyseal glides (SNAGs) is 

a spinal mobilization technique which combines 
elements of active physiological movement with 
an accessory glide directed along the facet joint 
plane that facilitates pain-free movement through-
out osteokinematic range of motion.16 To date, only 
HVLA thrusts have been investigated as a treatment 
for SIS. 

Boyles et al2 assessed the short-term effects of HVLA 
thrusts demonstrating positive short-term effects 
with statistically significant results at 48-hour follow-
up for shoulder pain and disability index (SPADI) and 
NPRS values for Neer Impingement Test, Hawkins 
Test, resisted empty can, resisted internal rotation, 
resisted external rotation, and active abduction 
utilizing HVLA thrusts in the management of SIS. 
Patients (N=56) were recruited and evaluated based 
on modified inclusion criteria from Bang and Deyle.1 

Subjects between 18 and 50 years of age, reported a 
2 or greater pain rating on a 10-point Numeric Pain 
Rating Scale (NPRS) with either a positive orthope-
dic special test in Category 1 and reported a 2 or 
greater on NPRS in either Category 2 or any resisted 
test in Category 3 (Table 2). 

Unlike posterior to anterior manipulative pro-
cedures such as HVLA thrusts, the advantage of 
a thoracic SNAG is the facilitation of the correct 
physiological motion while in weight-bearing.24 The 
benefit of the thoracic SNAG treatment to the cli-
nician is the ability to directly affect the painfully 
restricted movement, even in the acute stage, by 
using a movement that would normally increase 
the patient’s symptoms but are now pain-free.16,24 

The MC primary guidelines and concept stress the 
treatment should be pain free, immediate and long-
lasting, referenced as the PILL concept.17 A clinician 
may incorporate a sub-therapeutic SNAG into their 
initial assessment and if the response matches the 
PILL concept, the SNAG is clinically indicated at 
the therapeutic level. Traditionally, researchers and 
clinicians alike have focused primarily on the pain-
ful arm movement rather than the RI theory that 
mobility of the thoracic spine may affect glenohu-
meral joint movement. Accordingly, the purpose of 
this case series was to investigate the effects of one 
Mulligan Concept thoracic SNAG treatment session 
on subjects classified with SIS, while utilizing a clas-
sification-based treatment protocol. 
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Description of Cases: Participant History 
and Systems Review
Two primary investigators who averaged 12 years 
of clinical experience, and had both completed 
three Mulligan Concept Upper Extremity courses 
that included practical training in the use of cervi-
cal and thoracic SNAGs were involved in this case 
series. Both investigators ensured standardization 
of all examination, outcome assessments, and treat-
ment techniques performed through video record-
ings and communication. Investigators established a 
standard body position at the start of each shoulder 
motion measurement, and measured glenohumeral 
joint ROM utilizing the Clinometer application avail-
able on a smart phone, via both the android and iOS 
platforms. The same MC thoracic SNAG treatment 
protocol was utilized for all patients, although appli-
cation of the protocol regarding force and direction 
were specific to each subject. In an attempt to iso-
late the possible effects of the MC thoracic SNAG, 
no other intervention (e.g., stretching, modalities, 
or home program) were applied, nor were modifica-
tions of activity imposed.

Seven consecutive patients (6 males, 1 female) 
representing three “in-season” sports (water polo, 
baseball, basketball) and one “off-season” sport (vol-
leyball) (Table 1) ranging in age from 15-22 years 
(mean = 19+2.83) who presented to the clinic with 
complaints of SIS were included in this multi-center 
case series. All subjects denied an acute musculo-
skeletal injury to the shoulder within the previous 

30 days or receiving prior treatment for the current 
presentation of shoulder pain. Each participant pro-
vided informed consent to use their patient case and 
data, and participant c onfidentiality was protected 
according to the United States’ Health Insurance 
Portability and Accountability Act (HIPPA). 

Clinical Impression #1
Secondary Impingement Syndrome (SIS) is com-
monly addressed using treatments focused on 
reducing soft tissue (e.g., tendon, bursae) inflamma-
tion and increasing neuromuscular dynamics (e.g., 
strengthening, proprioception). As the subjects had 
not reported any previous treatment for the current 
presentation of shoulder pain and denied any acute 
musculoskeletal injury within the last 30 days, the 
cause of the subjects’ chief complaint was hypoth-
esized to be a result of repetitive overhead activity. 
Further evaluation needed to be performed to deter-
mine whether the subjects could be classified with 
SIS versus a scapulothoracic restriction based on tra-
ditional evaluation techniques.

Examination
Investigators began the examination of each subject 
by administering the Numeric Rating Scale (NRS), 
Shoulder Pain and Disability Index (SPADI) outcome 
measures, as well as collecting patient-reported his-
tory relating to duration, mode of onset, distribution 
of symptoms, nature of symptoms, aggravating/
relieving factors, and any prior glenohumeral joint 
treatments. Physical examination included gleno-
humeral joint ROM, cervical ROM, Spurling’s test, 
Cervical Distraction test, and special tests for the 
shoulder. The subject self-reported pain utilizing the 
NRS was reported during the completion of the fol-
lowing orthopedic special tests: Neer impingement 
test, Hawkins impingement test, active shoulder 
abduction, and resisted muscle tests for external 
rotation (RER), internal rotation (RIR), and empty 
can (REC). For the purpose of this study, due to 
secondary impingement syndrome not fitting the 
traditional definition of impingement syndrome, 
investigators defined SIS in subjects reporting a 
combination of weakness during resisted muscle 
testing, decreased activity of the rotator cuff mus-
cles, crepitus, stiffness within the glenohumeral 
joint which may result in loss of activity and sleep 

Table 1. Patient Demographics

Gender 

Male n=6 

Female n=1 

Sport

Water Polo n = 3 

Baseball n=2 

Basketball n=1 

Volleyball n=1 

Age 

Range 15-22 years 

Mean 19 years 

SD± 2.83 years 
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disturbances, or pain associated with arm elevation 
above the height of the shoulder while being inter-
nally rotated.1,7,8,12,13

Inclusion in the study occurred if participants met 
the classification-based inclusion criteria established 
by Boyles et al2 (Table 2). Participants were excluded 
from the study if they met any of the exclusion cri-
teria listed in Table 3. After consent was obtained, 
each patient was assessed to determine the vertebral 
level for treatment by the clinician superficially pal-
pating for spinous process tenderness at T1-T7 verte-
bral levels, followed by the patient performing active 
trunk extension with hands over head to elicit pain 
over the thoracic spinous processes while the clini-
cian superficially palpated to determine the level of 
vertebral hypomobility (Figure 1). The mobility of 
the vertebrae was judged to be normal, hypomobile 
or hypermobile. Interpreting the mobility was based 
on the clinician’s perception and experience of rat-
ing mobility of a spinal segment.25 The matched level 
of spinous process tenderness and hypomobile seg-
ment was deemed the initial treatment level (Table 
4). The clinician completed a single sub-therapeutic 

dose of the thoracic SNAG, at the established treat-
ment level (the determined hypermobile segment). 
After identifying the painful or restricted level the 
clinician placed one arm around the patient’s chest 
above the established treatment level, while placing 
the ulnar border of the mobilizing (treatment) hand 
over the thoracic spinous process of the determined 
level and performed a single thoracic SNAG using 
a cephalad glide applied parallel to the facet joint 
plane (i.e. toward the patient’s eyes) (Figure 1).17 

The patient actively performed one repetition of 
trunk extension returning to the starting point while 
the clinician continued to apply the glide. The sub-
ject then reported whether an immediate pain-free 

Figure 1. Trunk Extension

Table 2. Inclusion Criteria (Boyles et al., 
2009)†

Category 1 

≥ 2 NRS 
Neer’s Impingement Sign 

Hawkins Impingement Sign 

Category 2 

≥ 2 NRS Active Shoulder Abduction 

Category 3 

≥ 2 NRS 

Resisted Internal Rotation 

Resisted External Rotation 

Empty Can 

† = Required to have NRS of >2 on either test in Category 1 and an 
NRS of >2 with one test in Category 2 or 3

Table 3. Exclusion Criteria
Primary complaint of neck or thoracic pain  

Demonstrated neurological deficit 

Positive Spurling’s test 

Received shoulder mobilization or thoracic manipulation for 
current shoulder pain within the last 30 days 

Received cortisone injection into the shoulder joint within the 
last 30 days 

Table 4. Thoracic SNAG Treatment 
Level 

Patient #1 T7 

Patient #2 T7 

Patient #3 T7 

Patient #4 T6 

Patient #5 T5 

Patient #6 T6 
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response was achieved. A subject report of an imme-
diate pain-free response indicated the treatment 
level was determined. In the event the patient did 
not report a pain-free effect to the single sub-ther-
apeutic application, the clinician adjusted (e.g., re-
directed angle and/or intensity) the thoracic SNAG 
and performed a second application. Inability to 
elicit a pain-free response at the originally assessed 
level caused the clinician to move to the next verte-
bral level directly adjacent to the originally assessed 
segment and provide another single sub-therapeutic 
thoracic SNAG. A maximum of three consecutive 
vertebral levels was assessed, and the treatment 
level was determined as the level in which the sub-
therapeutic dosage of the thoracic SNAG the patient 
reported the pain-free effect. 

Clinical Impression #2
Based on the ROM measurements, results of special 
tests, and patient-reported history, the investigators 
developed the working clinical diagnosis of SIS as a 
result of thoracic restriction. As the subjects’ com-
plaints were consistent with the examination results 
and traditional treatments had yet to be adminis-
tered, investigators focused treatment on the thoracic 
region in an attempt to use a RI treatment approach. 
It was theorized that utilizing MC thoracic SNAGs 
could assist in resolving any underlying positional 
fault of the thoracic spine that may have been con-
tributing to their decreased mobility at the glenohu-
meral joint resulting in a clinical presentation of SIS. 

OUTCOME MEASURES
To evaluate the effect of treatment for SIS, patient-
reported outcome measures were utilized to assess 
perceived levels of pain (NRS) and functional disabil-
ity (SPADI) as well as impairment based outcomes 
(i.e., active shoulder ROM) to measure shoulder 
function. Investigators utilized minimal clinically 
important differences (MCIDs) and minimal detect-
able change (MDC) to interpret patient-reported 
outcomes measures including the benefits derived 
from treatment, the impact upon the patient, and 
the implications for clinical management of the con-
dition. Outcome measurements were collected at 
the initial evaluation, immediately post-treatment, 
and 48-hours post-treatment. A description of each 
outcome measure is listed in Table 5.

INTERVENTION
Treatment began at the vertebral level determined 
during the patient evaluation and sub-therapeutic 
thoracic SNAG assessment (Table 4). The investiga-
tor provided verbal instructions for the patient to 
move into trunk extension and provide over-pres-
sure at the end-range of motion while the investi-
gator maintained the transverse glide for a set of 
10 repetitions (Figure 1). After the patient clearly 
understood treatment parameters and the impor-
tance of a pain-free treatment, each patient was 
treated therapeutically. Upon completion of the 
first set of 10 repetitions, the patient rested for one 
minute. The clinician then re-applied the thoracic 

Table 5. Description of Outcome Measures

noitpircseDerusaeMemoctuO

Numeric Rating Scale 
(NRS)

A unidimensional, verbally reported, 11-point scale to measure pain intensity in 
adults and is anchored on the left (score of 0) with the phrase “no pain” and on 
the right (score of 10) with the phrase “worst imaginable pain”. Numeric 
rating scales have been shown to yield reliable and valid data and shown to be 
the most responsive (effect size 0.86) Normative data values of the NRS have 
not been reported in the current literature. Intraclass correlation coefficient (ICC) 
for test re-test is 0.68 for the NRS in a broad population of patients with various 
musculoskeletal conditions. The NRS is used to capture the subjects’ perceived 
level of pain as a result of their secondary impingement syndrome. 

Shoulder Pain and Disability 
Index (SPADI) 

The SPADI is a 100-point, 13-item self-administered questionnaire which is 
divided into two subscales: a five-item pain subscale and an eight-item disability 
subscale. Each subscale is summed and transformed to a score out of 100. A 
mean is taken of the two subscales to give a total score out of 100, higher score 
indicating greater impairment or disability. Normative data values of the SPADI for 
SIS have not been reported in the current literature. Test-retest reliability of the 
SPADI total combined subscale scores ranged from 0.64 to 0.66. The SPADI is 
used to measure the impact of shoulder pathology on pain and disability. 
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SNAG at the previously identified level for a total 
treatment of 3 sets of 10 repetitions with one-minute 
rest between sets. Total treatment time was less than 
five minutes. 

Immediately following the thoracic SNAG treatment, 
patients were re-evaluated for pain levels using the 
orthopedic special tests, resisted muscle tests, and 
ROM to examine the effects of one treatment of tho-
racic SNAGs. After completing treatment, all patients 
resumed normal sport activity. Patients returned to 
the clinic 48-hours after initial treatment for follow-
up with the same provider. Outcomes collection of 
pain levels (NRS) for orthopedic special tests, func-
tion (SPADI), and ROM measurements to assess 
short term effects on pain and function were con-
ducted. No treatment/examination was conducted 
at the follow-up and the patient was considered to 
have completed the study at this time. One patient 
(N=1) was excluded from the study after failing to 
return for the 48-hour post-treatment follow-up due 
to illness unrelated to treatment. 

DATA ANALYSIS
All data was analyzed using SPSS version 22.0 (SPSS 
Inc., Chicago, IL, USA). One-way repeated mea-
sures analysis of variance (RM-ANOVA) tests were 
conducted to evaluate the effect of MC SNAGs on 
the NRS, and shoulder ROM across time. Mean 
differences from the initial visit scores and 95% 

confidence intervals (CIs) were calculated for the 
NRS, and shoulder ROM for post-treatment and at 
48-hour follow-up. Significant changes were further 
analyzed with Bonferroni post hoc testing. Prior to 
data analysis, normality of distribution was assessed 
and the alpha level was set at p < .05. Effect size 
differences were computed with partial eta squared 
(ηp

2). A small effect size is ηp
2 = 0.02; medium effect 

size is ηp
2 = 0. 13; large effect size is ηp

2 = 0.26.28

OUTCOMES

Numeric Rating Scale (NRS)
Application of Mulligan Concept thoracic SNAGs did 
not result in statistically significant improvements 
in pain (NRS) over time for Hawkins impingement 
test [Wilks’ Lambda = .453, F (2, 4) = 2.415, p < .05, 
ηp

2= .547, power = .257] or Neer impingement test 
[Wilks’ Lambda = .724 F (2, 4) = .763, p. <.05, ηp

2 
.276, power = .112]. (Table 6). The mean changes 
in NRS scores for Hawkins from initial visit to post-
treatment (M = 0.00, 95% CI [3.65 - 3.65], p = .05), 
and from initial visit to 48-hour follow-up visit (M = 
.667, 95% CI [.511 - 1.84], p = .05) were not signifi-
cant. Overall effect size (ηp

2) for pain was 0.55. 

However, statistically significant improvements in 
pain (NRS) during resisted shoulder ROM did occur 
with resisted external rotation (RER) over time 
[Wilks’ Lambda = .180, F (2, 4) = 9.08, p < .05, ηp

2= 
.820, power = .715]. The mean changes in NRS for 

Table 6. Statistical and Clinical Outcomes for Pain (NPRS) from Baseline to Post-Treatment and 
48-hour Follow-up

Initial 
Evaluation 

Post-
Treatment 

48-hour 
Follow-up 

Initial to 48-
hour Follow-

up
Total Mean 

Change 

MCID

Initial to 48-
hour Follow-

up
Total Mean 

Change 
 p-value 

Partial Eta 
Squared 

NRS 

Neer 4.2 3.2 3.8 .40 2 .524 0.28 

Hawkins 1.7 1.7 1.0 .70 2 .205 0.55 

EC, resisted 2.3 2.0 1.2 1.1 2 .468 0.32 

IR, resisted 1.8 .67 1.0 .80 2 .060 0.75 

ER, resisted 5.7 4.1 2.2 3.5** 2 .028* 0.82 

Active ABD 3.7 2.8 1.5 2.2** 2 .215 0.54 

NRS = Numeric Rating Scale; MCID = Minimal Clinically Important Difference; EC = empty can; IR = internal rotation; ER = external
rotation; ABD = abduction; * = Statistically significant p = .05 ** = achieved MCID 
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RER from initial to post-treatment (M = 1.58, 95% 
CI [.621 – 2.54], p = .05), and from initial visit to 
48-hour follow-up visit (M = 3.50, 95% CI [.550 – 
6.45], p = .05 were significantly different. Although 
resisted internal rotation (RIR) over time [Wilks’ 
Lambda = .246, F (2, 4) = 6.13, p < .05, ηp

2= .754, 
power = .549] did demonstrate a large effect size, 
there was not a statistically significant difference. 

Shoulder Pain and Disability Index (SPADI)
A paired samples (dependent) t-test was used to com-
pare the mean baseline SPADI score to the 48-hour 
follow-up SPADI score after a single Mulligan Concept 
thoracic SNAG. The mean initial visit SPADI was 23.06 
(+/-6.62) and the 48-hour follow-up visit was 16.28 (+/-
10.19). A statistically significant decrease from the initial 
visit SPADI was achieved (t(5) = 3.25, p=0.05) however 
this value was not clinically significant (Table 7). 

Range of Motion (ROM)
Mulligan Concept thoracic SNAGs failed to produce 
statistically significant changes in overall shoulder 

ROM for all measured motions over time. However, 
shoulder external rotation (ER) [Wilk’s Lambda = 
.512, F (2, 4) = 1.90, p < .05, ηp

2 = .488, power = 
.212], and flexion (FLEX) [Wilk’s Lambda = .482, F 
(2, 4) = 2.14, p < .05, ηp

2 = .518, power = .233] did 
demonstrate moderate effect sizes (Table 8). 

DISCUSSION 
In this multi-site case series, two practitioners of MC 
utilized thoracic SNAGs to attempt to decrease pain 
and improve disability at the glenohumeral joint in 
subjects initially classified with SIS. The Investiga-
tors developed this case series based on a report by 
Boyles et al,2 however due to low power in our study, 
identifying statistically significant differences was 
not possible. Based on the results of this case series, 
the use of thoracic SNAGs in patients classified with 
SIS may have an impact on short-term pain and dis-
ability. However, the changes observed did not reach 
the level of clinically meaningful difference. One 
possible reason why clinically significant  change 
was not realized was that subjects reported pain and 

Table 7. Statistical and Clinical Outcomes for Disability (SPADI) from Baseline to 48-hour Follow-up
Initial 

Evaluation 
48-hour 

Follow-up 
Total Mean 

Change MCID t df  Sig. (2-tailed) 

SPADI 23.06 16.28 6.78 10 3.25 5 0.23* 

SPADI = Shoulder Pain and Disability Index; MCID = Minimal Clinically Important Difference; *Statistically significant different, p = .05

Table 8. Statistical and Clinical Outcomes for Shoulder Range of Motion (ROM) from Baseline to 
Post-Treatment and 48-hour Follow-up

Initial 
Evaluation 

Post-
Treatment 

48-hour 
Follow-up 

Total Mean 
Change MDC

Initial to 48-
hour Follow-

up
Total Mean 

Change 
p-value 

Partial Eta 
Squared 

ROM

Shoulder 
FLEX 146.1o 144.4o 152.0o 5.93o 8o .232 0.51 

Shoulder 
EXT 62.5o 62.4o 63.8o 1.23o 11o .889 0.57 

Shoulder 
ABD 150.2o 130.7o 153.3o 3.15o 4o .589 0.23 

Shoulder 
IR 48.8o 58.2o* 56.0o 7.15o 8o .479 0.31 

Shoulder 
ER 104.5o 108.4o 95.0o -9.47o 9o .262 0.48 

ROM = Range of Motion; MDC = Minimal Detectable Change; IR = internal rotation; ER = external rotation; ABD = abduction; FLEX =
flexion; EXT = extension; * = achieved MDC 
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dysfunction within 30 days of onset of symptoms, 
whereas Boyles et al2 subjects had been experienc-
ing shoulder pain for longer periods of time. This 
may explain the relatively low initial NRS and SPADI 
scores which could have resulted in a floor effect. 

Additional factors why clinically significant change 
was not realized include the decision to treat the 
patient at a single thoracic level which differs from 
Boyles et al2 who treated three different levels of the 
spine with HVLA, and the decision to treat subjects 
with a manual therapy intervention that does not 
fall under the category of manipulation. It is possi-
ble the single location was not the optimal treatment 
level and may illustrate the need to treat subjects 
with SIS using a multi-level intervention versus a 
single-level treatment approach. Likewise, a treat-
ment intervention utilizing thoracic SNAGs in con-
junction with a glenohumeral MWM may produce 
greater results for patients who do not respond favor-
ably to the thoracic SNAGs alone. The evaluation of 
thoracic SNAGs in isolation from local interventions 
such as manual therapy directed at the glenohu-
meral joint may explain the lack of clinically sig-
nificant differences that occurred during this case 
series. Pain associated with SIS may be a result of 
a local response to injury which may necessitate a 
local treatment intervention as suggested by Lewis4 

and Teys29 who reported that for patients with shoul-
der pain, posteriorly directed pressure applied to 
the region of the humeral head led to an immediate 
increase in shoulder elevation range of motion and 
associated decrease in pain when compared with a 
sham and a control technique.

Boyles et al2 did not report ROM values, therefore 
no comparison between this study and the results 
found by Boyles et al2 could be achieved (Table 8), 
however several explanations for an immediate 
change of ROM are proposed. First, the application 
of thoracic SNAGs may improve thoracic mobility 
indirectly leading to improved shoulder range of 
motion. Otoshi et al30 suggest that a reduction in tho-
racic kyphosis can lead to an improvement in shoul-
der ROM, and manual therapy that includes thoracic 
spine interventions may provide decreases in self-
reported pain measures and disability in patients 
with SIS. Second, an increase in shoulder ROM may 
be a result of decreased neuromuscular inhibition. 

Cleland et al31 demonstrated an increase in lower 
trapezius muscle strength immediately follow-
ing thoracic manipulation. Lastly, a hypothesized 
hypoalgesic effect may contribute to the reduction 
of shoulder pain leading to an increase in shoulder 
range of motion. 

Other research conducted regarding ROM and the 
shoulder include various research studies conducted 
to determine the effect of several stretching protocols 
aiming to improve glenohumeral internal rotation 
deficit (GIRD), a possible precursor to SIS. For exam-
ple, one investigation utilizing a sleeper stretch dem-
onstrated an average12.4° increase in subjects over a 
four-week static stretching program.32 Similarly, use 
of sleeper stretches produced an increase of 3.1o in 
IR after one treatment session.33 In a collegiate base-
ball population, a four-week stretching-plus-mobili-
zation protocol demonstrated an increase of 19 ° in 
IR in subjects.34 Linter et al35 reported IR increases 
however, those increases were only achieved after 
a three-year IR stretching program. Shoulder ROM 
improvements associated with stretching protocols 
are found with static stretching, but the findings also 
suggest the improvements required repetitive appli-
cation of the stretching protocols targeted to specific 
musculoskeletal tissues over extended time frames. 

LIMITATIONS AND FUTURE RESEARCH
Limitations of this study include a lack of a con-
trol group or randomization of patients, and that 
only short-term follow-up was conducted. A limita-
tion inherent to all case series research is a small 
sample size and relatively specific patient popula-
tion. Despite these limitations, the results of this 
case series demonstrate the potential to reduce pain 
and disability in patients classified with SIS. Con-
tinued investigation utilizing a cohort study format 
is needed to determine if the observed total mean 
changes for shoulder IR, ER, and FLEX ROM in this 
study from a single MC thoracic SNAG treatment 
challenge the efficacy of static stretching protocols. 
Also, cohort studies comparing immediate results 
of Mulligan Concept thoracic SNAGs versus tho-
racic manipulation and Mulligan Concept thoracic 
SNAGs combined with a glenohumeral MWM would 
be beneficial in determining the effectiveness of the 
thoracic SNAG technique. Additional research is also 
necessary to determine the effectiveness of a single 
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2010.
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associated with high-velocity, low-amplitude thrust 
manipulation: a secondary analysis of an 
experimental study in pain-free participants. J Manip 
Physio Ther. 2010;3:2117-124.

19. Bolton PS, Budgell BS. Spinal manipulation and 
spinal mobilization infl uence different axial sensory 
beds. Med Hypoth. 2006;66(2):258-262.

20. Grice A, Vernon H. Basic principles in the 
performance of chiropractic adjusting: historical 
review, classifi cation, and objectives. Principles and 
Practice of Chiropractic. 2nd ed. Norwalk: Appleton 
and Lange. 1992;443-58.

21. Harris SR, Lundgren BD. Joint Mobilization for 
Children with Central Nervous System Disorders: 
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1991;71(12):890-896.

22. Herzog W, Conway PJ, Kawchuk GN, Zhang Y, 
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manipulative therapy. Spine. 1990;18(9):
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treatment versus the cumulative effects of multiple 
thoracic SNAG treatments on multiple spinal seg-
ments when warranted.

CONCLUSION
The present case series is the first to investigate the use 
of thoracic SNAGs for the treatment of SIS. Based on the 
increases seen in shoulder internal and external rota-
tion and shoulder flexion (ROM), as well as decreases 
in pain (NRS) with resisted external rotation (RER), the 
thoracic spine treatment intervention demonstrated 
in this case series, appears to benefit patients classi-
fied with SIS which supports the RI model. Although 
additional studies with larger sample sizes are needed 
to establish the clinical value of utilizing a single treat-
ment session thoracic SNAG to treat patients complain-
ing of SIS, this case series provides an initial framework 
for a clinical model utilizing manual therapy through 
regional interventions for patients with SIS. 
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ABSTRACT
Background and Purpose: Early sport specialization (ESS) refers to intense training year round in a spe-
cific sport starting at a young age with no or limited participation in other sports. This approach to training 
is highly controversial; recent literature suggests that this type of specialized training could be a contribut-
ing source to overuse injuries in youth athletes. The purpose of this case report was to describe a patello-
femoral articular cartilage defect of the knee in a preadolescent skier due to overuse and repetitive 
microtrauma as a result of ESS. 

Study Design: Case Report

Case Description: A healthy 11-year-old male competitive alpine skier presented with recurrent swelling 
of his right knee and persistent anterior knee pain while skiing without evidence of any specific history of 
injury or traumatic event. The patient failed a conservative treatment regimen including rest and formal 
physical therapy focused on generalized knee strengthening. Magnetic resonance imaging was ordered and 
revealed an articular cartilage defect of the medial patellar facet. The patient was treated with an arthroscopic 
debridement of his articular cartilage defect. 

Outcome: At 12 weeks postoperatively, the patient presented with a normalized gait pattern, no evidence of 
knee effusion, full knee range of motion and patellar mobility symmetric to his contralateral limb, and no 
patellar crepitation or painful palpation on physical exam. The patient was released to begin return to sport 
progression at 12 weeks, and was cleared for full activities/returned to competitive skiing at 15 weeks post-
operatively. At 16 weeks postoperatively, he won an international alpine ski race in Europe for his age group.

Discussion: Cartilage injuries and osteochondral defects are very common in adolescent athletes and 
often go undiagnosed. Allied healthcare professionals must be educated on the known causes of recurrent 
knee effusions and how early sport specialization may result in overuse injuries to knee joint cartilage. 

Level of Evidence: 4

Key Words: Anterior knee pain, early sport specialization, overtraining, overuse injuries
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INTRODUCTION
It is estimated that 27 million U.S. youths partici-
pate in team sports, and approximately 60 million 
participate in some type of organized athletics.1 
Most adolescents have taken to specializing in one 
sport as opposed to participation in multiple sport 
disciplines. Early sport specialization (ESS) refers 
to intense training year-round in a specific sport 
starting at a young age. This approach to training 
is highly controversial; recent literature suggests 
that this type of specialized training may increase 
the rate of acute injuries, overuse injuries, and 
ultimately lead to decreased sports participation.2-4 
Sports which require high velocity movement and 
change of direction demands, for example alpine ski-
ing, can lead to lower extremity overuse injuries.5,6 

Anterior knee pain (AKP) is a common complaint in 
youth athletes.7 This complaint is usually diagnosed 
as patellofemoral pain and treatment commonly con-
sists of nonoperative physical therapy, with a rehabil-
itation emphasis placed on strengthening quadriceps 
and generalized hip musculature. However, many 
conditions can cause AKP and swelling, especially 
after physical activity. AKP commonly results from 
irritation of the medial suprapatellar plica.8 Many 
youth athletes in repetitive jump/landing sports will 
develop patellar tendinopathy, Osgood-Schlatter dis-
ease, or Sinding-Larsen-Johansson disease—which 
often can mimic or even coincide with cartilage inju-
ries. Osteochondritis dissecans (OCD) of the knee 
can also cause idiopathic AKP and swelling with 
activity.9 Osteochondritis dissecans of the knee is 
an injury to the subchondral bone and articular car-
tilage that usually develops in young athletes from 
overuse or acute trauma.9,10 Patients with an OCD 
lesion may present with no prior history of injury 
and often times a benign physical exam. While rest 
is indicated, most of the time OCD lesions continue 
to cause recurrent knee swelling (due to the intraar-
ticular nature of this lesion, and altered mechanics 
resulting in intra articular effusion) which may dif-
fer from other extraarticular knee pathology (i.e. 
patellar tendinopathy, Osgood-Schlatter’s disease). 
Unfortunately, OCD lesions are often unrecognized 
on diagnostic imaging, such as plain radiographs 
and magnetic resonance imaging. This presents 
a major challenge for clinicians when diagnosing 
and treating potential cartilage injuries of the knee. 

With recurrent knee effusions and AKP that does 
not respond to rest or conservative treatment, clini-
cian’s must rule out cartilage injuries as the source 
of pathology. The purpose of this case report was to 
describe a patellofemoral articular cartilage defect of 
the knee in a preadolescent skier due to overuse and 
repetitive microtrauma as a result of ESS. 

SUBJECT PRESENTATION AND 
EXAMINATION
Verbal informed consent from both the subject and 
parents were obtained prior to publication. A healthy 
11-year-old male (height: 160.0 cm; weight: 40.8 kg) 
competitive alpine skier presented with recurrent 
swelling of his right knee and persistent AKP while 
skiing without evidence of any specific history of 
injury or traumatic event. Of note, the athlete was a 
competitive skier who competed six days per week 
during the season and trained year-round, specializ-
ing in downhill ski racing. The athlete first disclosed 
his pain presentation to his parents and coaching 
staff after skiing practice. The parents subsequently 
referred the athlete to physical therapy and was pre-
scribed a 2-week rest period with no skiing. After 
four weeks of generalized knee strengthening, the 
athlete (and his parents) presented for further ortho-
paedic evaluation due to recurrent knee effusions 
despite conservative rehabilitation. The patient pre-
sented with a history of recurrent knee effusions 
over a period of six weeks. While interviewing the 
patient, he denied any specific injury or fall that 
he could attribute to his knee pain and swelling. 
The patient presented with a slight limp causing an 
asymmetrical gait pattern that was non-painful. On 
physical exam, the patient had full knee range of 
motion with 2+ moderate effusion and tenderness 
to palpation over the medial aspect of the patella. 
His patellar mobility was equal bilaterally with no 
crepitation noted and his knee was stable during all 
ligamentous testing of the tibiofemoral joint. 

INTERVENTIONS
Radiographs were obtained and revealed an ana-
tomic variant, a bipartite patella, but no other acute 
bone abnormalities (Figure 1). Magnetic resonance 
imaging (MRI) was ordered and revealed an articu-
lar cartilage defect of the medial patellar facet (Fig-
ure 2A). The patient then underwent a diagnostic 
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did not continue to delaminate and cause recur-
rent effusions and pain with activity (Figure 2C). 
A chondroplasty was performed because the size, 
depth, and location of the lesion were not suitable 
for a cartilage resurfacing procedure (i.e. Osteoar-
ticular Autograft Transplantation) or cellular based 
repair (i.e. Autologous Chondrocyte Implantation). 
No other intraarticular pathology was noted during 
the arthroscopic evaluation. The patient started for-
mal physical therapy 24 hours after the procedure. 

Postoperatively, the patient was allowed to weight 
bear as tolerated with the use of crutches for two 
weeks. Physical therapy initially focused on edema 
control, range of motion, and quadriceps activa-
tion exercises with a generalized progression from 
muscular endurance to strength and hypertrophy. 
A major emphasis was placed on rest from skiing 
and sports activities and allowing the patient’s knee 
pain and swelling to subside before increasing activ-
ity. The focus of this case report is on diagnosis and 
relationship of ESS to AKP, not intervention, there-
fore, interventions are presented generally. At 12 
weeks postoperatively, the patient presented with a 
normalized gait, no knee effusion, full knee range of 
motion, patellar mobility symmetric to his contralat-
eral limb, and no patellar crepitation or painful pal-
pation on physical exam. The patient was released 
to begin return to sport progression at 12 weeks, 
and was cleared for full activities with a return to 
competitive skiing at 15 weeks postoperatively. At 
16 weeks postoperatively, he won an international 
alpine ski race in Europe for his age group. 

DISCUSSION 
Early sports specialization is common in the United 
States due to the theoretical consensus that early 
specialization in one sport is the recipe for creat-
ing superior athletes.11-13 However, not only has this 
theory been contradicted in terms of athlete and 
individual success,12,14 but there is growing evidence 
that this focus on one sport with excessive repetition 
of set movements and stressors can lead to unique 
pathology through overuse, even in the absence of 
acute trauma (Table 1).10,15-17 

Jayanthi et al17 performed a case controlled study 
on 1,190 athletes 7 to 18 years of age who were sepa-
rated into two groups: injury and no injury. They 

injection of a local, short-acting anesthetic to con-
firm or deny the source of intraarticular pathology 
as indicated on MRI. The patient had a positive diag-
nostic response, as the majority of his pain dimin-
ished soon after the injection. 

The patient underwent diagnostic arthroscopy the 
next day, which showed a 10 mm wide Outerbridge 
grade IV focal cartilage defect with delamination 
on the medial facet of his patella (Figure 2B). The 
chondral defect was treated with an arthroscopic 
chondroplasty to ensure that the cartilage defect 

Figure 1. Initial radiographs of patients injured right knee. 
Three view lateral (A), anteroposterior (B), and sunrise (C) 
radiographs with no acute bony abnormalities or OCD lesions 
present. It is noted that the patient did have the presence of an 
anatomic variant, a bipartite patella, noted on both the 
anteroposterior and sunrise views.

Figure 2. Patellar chondral defect in an 11-year-old skier 
with no history of trauma or acute injury. A) Axial view of T1 
weighted MRI, showing articular cartilage defect of medial 
patellar facet. B) Intraoperative view showcasing 10 mm wide 
Outerbridge grade IV focal chondral defect with delamination 
on the medial patellar facet. C) Chondral defect trimmed to 
stable border.
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into tight articulation. As the skier maneuvers over 
bumps and around course gates, repetitive micro-
trauma in the patellofemoral joint can lead to chon-
dral injuries, especially in young athletes.25 This case 
report is an example of this potential relationship 
between patellofemoral chondral damage and ESS in 
alpine skiing. However, the assumption of this cause 
and effect relationship cannot be validated. 

Youth injuries due to overuse in all sports range from 
46% to 54%, with recent data suggesting that these 
numbers are increasing.4,10,13,21,26 Concerns for the rise 
in overuse injuries in young athletes are the increas-
ingly popular trend of early single-sport specializa-
tion.11,12 However, some believe that overuse injuries 
are often under-reported in the current literature 
because most of the injury definitions have focused 
on time loss from sport.10,18,20 The American Ortho-
paedic Society for Sports Medicine (AOSSM) consen-
sus statement14 defined early sports specialization 
according to 3 criteria: 1) participation in intensive 
training and/or competition in organized sports 
greater than eight months per year; 2) participation 
in one sport to the exclusion of participation in other 
sports; and 3) involving prepubertal children (grade 
7 or roughly age 12 years old). In this case report, the 
athlete satisfies the criteria of ESS because of his sin-
gle sport specialization, prepubertal age, and inten-
sive ski competition > eight months per year. This 
is possible due to his unique ski academy in which 
he participates in on-snow training and competi-
tion in the United States (late October to April) and 
internationally (June to August). A recent position 
statement from the American Medical Society for 

found that those with injuries had a significantly 
greater number of hours training for their chosen 
sport, and furthermore they found sports special-
ization was an independent risk factor for injury. 
This theory of increased training hours and subse-
quent increased exposure has been correlated with 
increased injury risk in a young preadolescent cohort 
(9-12 years of age) of Japanese basketball players.18 
Kuzuhara et al.18 attributed this increase injury inci-
dence to the Japanese culture, in which most young 
athletes participate in one sport all year round. Fur-
thermore, authors speculated that the higher injury 
rate in practice might be the direct result of sport 
specialization at a young age.18 Similarly, Hall et al.7 
evaluated 546 middle and high school female multi-
sport athletes with AKP and compared them to a 
group of female athletes who specialized in a single 
sport. The authors found that there was a significant 
increase in patellofemoral pain in athletes who spe-
cialized in a specific sport earlier compared to those 
who specialized later.19

Specific sports have been correlated with specific 
overuse injury patterns.18,20-23 Due to the biomechan-
ics involved with throwing a baseball, and the ten-
dency for ESS in the baseball culture, there have 
been studies that discuss the correlation between 
ESS in baseball with elbow and shoulder injuries.16,24 
To date, there have not been any cases reported on 
the correlation between alpine skiing and patello-
femoral chondral injuries. The relationship of skiing 
and injury to the patellofemoral joint is explained by 
the repetitive forces on the knee during sustained 
knee flexion, which brings the patella and trochlea 

Table 1. Categorization of risk factors for overuse injury. Adapted 
from DiFiori et al.6 Reprinted with permission.
Growth-related factors 

Susceptibility of growth cartilage to repetitive stress 
   Adolescent growth spurt 
Other intrinsic factors 

Previous injury 
   Previous level of conditioning
   Anatomic factors 
   Menstrual dysfunction
   Psychological and developmental factors (athlete-specific) 
Extrinsic factors 

Training workload (rate, intensity) 
Training progression

   Training and competition schedules 
   Equipment/footwear 
   Sport technique
   Psychological factors (adult and peer influences) 
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with persistent AKP and recurrent effusions. This 
case report may provide insight to the detrimen-
tal consequences of overuse and skeletal immatu-
rity associated with ESS in young skiers. However, 
future studies are needed to further identify injury 
risk factors and long-term outcomes within a larger 
group of similar patients. 

REFERENCES
1. Feeley BT, Agel J, LaPrade RF. When is it too early 

for single sport specialization? Am J Sports Med. 
2016;44(1):234-241.

2. Post EG, Bell DR, Trigsted SM, et al. Association of 
competition volume, club sports, and sport 
specialization with sex and lower extremity injury 
history in high school athletes. Sports Health. 2017; 
9(6):518-523.

3. Post EG, Trigsted SM, Riekena JW, et al. The 
association of sport specialization and training 
volume with injury history in youth athletes. Am J 
Sports Med. 2017;45(6):1405-1412.

4. Bell DR, Post EG, Trigsted SM, Hetzel S, McGuine 
TA, Brooks MA. Prevalence of sport specialization in 
high school athletics: a 1-year observational study. 
Am J Sports Med. 2016;44(6):1469-1474.

5. Steadman JR, Swanson KR, Atkins JW, Hagerman 
GR. Training for alpine skiing. Clin Ortho Rel Res. 
1987(216):34-38.

6. Sulheim S, Holme I, Rodven A, Ekeland A, Bahr R. 
Risk factors for injuries in alpine skiing, telemark 
skiing and snowboarding--case-control study. Br J 
Sports Med. 2011;45(16):1303-1309.

7. Hall R, Barber Foss K, Hewett TE, Myer GD. Sport 
specialization’s association with an increased risk of 
developing anterior knee pain in adolescent female 
athletes. J Sport Rehab. 2015;24(1):31-35.

8. Griffi th CJ, LaPrade RF. Medial plica irritation: 
diagnosis and treatment. Cur Rev Musculo Med. 
2008;1(1):53-60.

9. Bruns J, Werner M, Habermann C. Osteochondritis 
dissecans: etiology, pathology, and imaging with a 
special focus on the knee joint. Cartilage. 2017; 
8(3):211-228.

10. DiFiori JP, Benjamin HJ, Brenner JS, et al. Overuse 
injuries and burnout in youth sports: a position 
statement from the American Medical Society for 
Sports Medicine. Br J Sports Med. 2014;48(4):287-288.

11. Myer GD, Jayanthi N, Difi ori JP, et al. Sport 
specialization, part I: does early sports specialization 
increase negative outcomes and reduce the 
opportunity for success in young athletes? Sports 
Health. 2015;7(5):437-442.

Sports Medicine describes the importance of recog-
nizing specific risk factors for overuse injury among 
youth athletes in order to deploy prevention strate-
gies (Table 1).10 In order to decrease the risk of over-
use injuries in young athletes associated with early 
sport specialization, the AOSSM consensus state-
ment recommends the following: A) children who 
participate in more hours per week than their age, 
or more than 16 hours per week in intense training, 
and who are specialized in sport activities should be 
closely monitored for indicators of burnout, over-
use injury, or potential decrements in performance 
due to overtraining; B) all youth (including inactive 
youth) can benefit from periodized strength and 
conditioning (e.g., Integrative Neuromuscular Train-
ing [INT]) to help them prepare for the demands of 
competitive sport participation; and C) youth who 
specialize in a single sport should plan periods of 
isolated and focused INT to enhance diverse motor 
skill development and reduce injury risk factors.14 In 
order to decrease the risk of future knee problems 
associated with ESS and skiing in this athlete, both 
the parents and the athlete were educated on the 
detrimental effects of single sport specialization at 
a young age. In addition, both the physical thera-
pist and school athletic trainer were contacted and 
a team approach was implemented regarding a safe 
but efficient return to sport progression. 

LIMITATIONS
The findings in this case report appear to be edu-
cational and representative of ESS; however, there 
are inherent limitations. While this overuse injury 
pattern may be representative of a larger group of 
individuals, it is still only a single case and there-
fore results cannot be directly extrapolated. It is also 
possible that the lesion could have developed from 
a source other than skiing. Furthermore, because 
the aim of this study was to describe the epidemiol-
ogy of an injury presentation, and not evaluate the 
details or outcomes of treatment, there is not long-
term follow-up to report. 

CONCLUSIONS
With the presentation in this case report and the 
increasing incidence of ESS in youth athletes, allied 
health care professionals should consider patel-
lofemoral chondral injury in the competitive skier 



The International Journal of Sports Physical Therapy | Volume 13, Number 1 | February 2018 | Page 136

20. Dompier TP, Powell JW, Barron MJ, Moore MT. 
Time-loss and non-time-loss injuries in youth 
football players. J Athl Train. 2007;42(3):395-402.

21. Fabricant PD, Lakomkin N, Sugimoto D, Tepolt FA, 
Stracciolini A, Kocher MS. Youth sports 
specialization and musculoskeletal injury: a 
systematic review of the literature. Physic Sports 
Med. 2016;44(3):257-262.

22. Post EG, Thein-Nissenbaum JM, Stiffl er MR, et al. 
High school sport specialization patterns of current 
division I athletes. Sports Health. 2017;9(2):148-153.

23. Smith J, DePhillipo N, Kimura I, Kocher M, Hetzler 
R. Prospective functional performance testing and 
relationship to lower extremity injury incidence in 
adolescent sports participants. Int  J Sports Phys Ther. 
2017;12(2):206-218.

24. Tisano BK, Estes AR. Overuse injuries of the 
pediatric and adolescent throwing athlete. Med Sci 
Sports Exerc. 2016;48(10):1898-1905.

25. Steadman JR, Hanson CM, Briggs KK, Matheny LM, 
James EW, Guillet A. Outcomes after knee 
microfracture of chondral defects in alpine ski 
racers. J Knee Surg. 2014;27(5):407-410.

26. Brenner JS, Council On Sports M, Fitness. Sports 
specialization and intensive training in young 
athletes. Pediatrics. 2016;138(3).

12. Myer GD, Jayanthi N, DiFiori JP, et al. Sports 
specialization, part II: alternative solutions to early 
sport specialization in youth athletes. Sports health. 
2016;8(1):65-73.

13. Cheatham SA, Little BA. Early sports specialization: 
helpful or harmful? Orthopedics. 2015;38(12):724-725.

14. LaPrade RF, Agel J, Baker J, et al. AOSSM early sport 
specialization consensus statement. Ortho J Sports 
Med. 2016;4(4).

15. Nyland J. Coming to terms with early sports 
specialization and athletic injuries. J Orthop Sports 
Phys Ther. 2014;44(6):389-390.

16. Ferguson B, Stern PJ. A case of early sports 
specialization in an adolescent athlete. J Canad Chiro 
Assoc. 2014;58(4):377-383.

17. Jayanthi NA, LaBella CR, Fischer D, Pasulka J, 
Dugas LR. Sports-specialized intensive training and 
the risk of injury in young athletes: a clinical case-
control study. Am J Sports Med. 2015;43(4):794-801.

18. Kuzuhara K, Shibata M, Uchida R. Injuries in 
japanese mini-basketball players during practices 
and games. J Athl Train. 2016;51(12):1022-1027.

19. Hall R, Foss KB, Hewett TE, Myer GD. Sports 
specialization is associated with an increased risk of 
developing anterior knee pain in adolescent female 
athletes. J Sport Rehabil. 2015;24(1):31-35.








