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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 
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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
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.
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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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19.  McGrath MC. Composite sacroiliac joint pain 
provocation tests: A question of clinical signifi cance. 
Int J Osteop Med. 2010;13: 24-30.
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therapeutic exercises. J Orthop Sports Phys Ther. 
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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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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. 
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