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ABSTRACT
Background: A wide variety of hip abduction and hip external rotation exercises are used for training, both in athletic perfor-
mance and in rehabilitation programming. Though several different exercises exist, a comprehensive understanding of which 
exercises best target the gluteus maximus (Gmax) and gluteus medius (Gmed) and the magnitude of muscular activation associ-
ated with each exercise is yet to be established. 

Purpose: The purpose of this systematic review was to quantify the electromyographic (EMG) activity of exercises that utilize the 
Gmax and Gmed muscles during hip abduction and hip external rotation.

Methods: Pubmed, Sports Discuss, Web of Science and Science Direct were searched using the Boolean phrases (gluteus medius OR 
gluteus maximus) AND (activity OR activation) AND (electromyography OR EMG) AND (hip abduction OR hip external rotation). A 
systematic approach was used to evaluate 575 articles. Articles that examined injury-free participants of any age, gender or activity 
level were included. No restrictions were imposed on publication date or publication status. Articles were excluded when not available 
in English, where studies did not normalize EMG activity to maximum voluntary isometric contraction (MVIC), where no hip abduc-
tion or external rotation motion occurred or where the motion was performed with high acceleration.

Results: Twenty-three studies met the inclusion criteria and were retained for analysis. The highest Gmax activity was elicited during 
the lateral step up, cross over step up and rotational single leg squat (ranging from 79 to 113 % MVIC). Gmed activity was highest 
during the side bridge with hip abduction, standing hip abduction with elastic resistance at the ankle and side lying hip abduction 
(ranging from 81 to 103 % MVIC). 

Limitations: The methodological approaches varied between studies, notably in the different positions used for obtaining MVIC, 
which could have dramatically impacted normalized levels of gluteal activation, while variation also occurred in exercise tech-
nique and/or equipment.

Conclusions: The findings from this review provide an indication for the amount of muscle activity generated by basic strengthening 
and rehabilitation exercises, which may assist practitioners in making decisions for Gmax and Gmed strengthening and injury reha-
bilitation programs. 

Keywords: EMG, gluteal musculature, hip strength, rehabilitation
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INTRODUCTION
A wide variety of hip abduction and hip external rota-
tion exercises are used for training, both in athletic 
performance and in rehabilitation programming. 
Though several different exercise protocols exist, sci-
entific evaluation of their specific effects on the glu-
teus maximus (Gmax) and gluteus medius (Gmed) 
has yet to establish which exercises activate the mus-
culature and what level of activation is elicited. The 
primary actions of the Gmax are hip extension and 
hip external rotation,1-3 with the superior area of the 
Gmax also functioning as a hip abductor.4,5 The Gmed 
functions as a hip abductor2 and hip rotator6 with the 
anterior area of the Gmed performing hip internal 
rotation while the posterior area performs hip exter-
nal rotation.2,7 The gluteal musculature may signifi-
cantly participate in dual roles of enhancing athletic 
performance3,8-10 while preventing and contributing 
to the rehabilitation of lower extremity injuries.10-14 
The Gmax and Gmed musculature extensively con-
tribute to weight bearing movements by assisting in 
load transference through the hip joint,15 supplying 
local structural stability to the hip joint and maintain-
ing lower extremity alignment of the hip and knee 
joints.16 Performance deficiency in these selected hip 
muscles results in altered pelvofemoral biomechan-
ics which is linked to lower extremity pathology.3,17-19 
This is highlighted when the hip abductors and exter-
nal rotators fail to produce sufficient torque during 
weight bearing movements resulting in excessive hip 
adduction and internal rotation, an increase in knee 
valgus angle and pelvic drop.17-20

Hip abductor weakness may lead individuals to adopt 
movement strategies to mask their weakness,21 result-
ing in compensatory motions at the lower back, hip, 
and knee.5,10,22 Consequently, individuals perform-
ing these movements are often observed doing both 
hip abduction and excessive lateral pelvic movement 
caused by increased activity of the quadratus lumbo-
rum.23 Gluteal weakness and ensuing hip dysfunc-
tion has a strong relationship (r = –.74) with knee 
pathology24 while a specific weakness in hip abduc-
tion and external rotation has been associated with 
patellofemoral pain syndrome.3,25 Janda and Jull26 
and, Page, Frank and Lardner27 have suggested that 
an association between gluteal musculature inhibi-
tion and low back pain exists. Moreover, a weakness 
in hip abductor musculature and thus subsequent 

strengthening exercises are prescribed for iliotibial 
band syndrome,28,29 chronic ankle instability30,31 and 
patellofemoral pain syndrome.32, 33

Examining hip abductor strength can be accom-
plished through various clinical tools and procedures 
and in both non-weight-bearing (NWB) body posi-
tions: side-lying or supine and in a weight-bearing 
(WB) body position: standing.34 The side-lying posi-
tion is frequently utilized to test hip abductor mus-
cle strength in clinical settings35 and is generally the 
suggested position by manufacturers of isokinetic 
testing devices.34 The supine position neutralizes 
the effects of gravity and provides an option for indi-
viduals to avoid lying on an injured affected side36 
while the standing position is proposed by Cahalan, 
Johnson and Chao37 to be the most functional posi-
tion when assessing hip abductor strength as the 
majority of daily living activities involve hip abduc-
tion performed in this position. Wilder et al34 noted 
that most variations between hip abductor strength 
exist due to the chosen testing position.

Electromyography (EMG) may be used to assess 
the activation of a muscle as measured by electrical 
activity levels, with the general consensus assumed 
that exercises producing higher levels of activation 
are generally accepted to be more appropriate to use 
for strengthening.38 It has been proposed that the 
minimum effort to obtain a strengthening stimulus 
is approximately 40-60% of a maximum voluntary 
isometric contraction (MVIC)38-42 with muscle activ-
ity of less than 25 % MVIC indicating that the muscle 
is functioning in an endurance capacity or to main-
tain stability.38 To assist with classification of low to 
high muscle activity in this article, the authors of the 
current study have used a classification scheme of 
activity.43-45 Activity from 0 % to 20 % MVIC is consid-
ered low level, 21 % to 40 % MVIC a moderate level, 
41 % to 60 % MVIC a high level, while greater than 
60 % MVIC a very high level. Analyzing exercises 
in such a manner may contribute to understanding 
neuromuscular control during activities and assist in 
assessing, selecting, and systematically progressing 
exercises.46 

With this in mind the purpose and focus of this sys-
tematic review was to quantify the EMG activity 
associated with WB and NWB exercises that utilized 
hip abduction or external rotation. Exercises were 
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grouped into levels of % MVIC as per the classification 
scheme43-45 to assist practitioners in making decisions 
for Gmax and Gmed strengthening and rehabilita-
tion. The authors hypothesized that exercises that are 
more demanding in movement i.e. dynamic exercise 
that requires a changes in angle from more than one 
joint and therefore requires greater joint stabilization, 
would result in greater levels of % MVIC.

METHODS

Literature Search Strategies
The review was conducted in accordance with PRISMA 
(Preferred Reporting Items for Systematic Reviews 
and Meta-analyses) statement guidelines.47 A system-
atic search of the research literature was undertaken 
for studies that investigated EMG activity (given as 
mean % MVIC) for either the Gmax or Gmed in resis-
tance training exercises (bodyweight, band, cable, free-
weight, machine) that utilized dynamic hip abduction 
or external rotation. Studies were found by searching 
Pubmed, Sports Discuss, Web of Science and Science 
Direct electronic databases from inception to March 
2015. The following Boolean search phrases were used 
(gluteus medius OR gluteus maximus) AND (activity 
OR activation) AND (electromyography OR EMG) 
AND (hip abduction OR hip external rotation). Addi-
tional studies were also found by reviewing the refer-
ence lists from retrieved studies.

Inclusion and Exclusion Criteria
Articles that examined injury-free participants of any 
age, sex or activity level were included. No restric-
tions were imposed on publication date or publica-
tion status. Studies were limited to English language. 
Studies were excluded that examined isometric hip 
abduction or external rotation movements (e.g. 
standing wall-push exercise) as well as single leg 
hip extension movements (e.g. lunge and single leg 
bridge) as even though there is frontal/transverse 
plane stability and torque required, there is no hip 
abduction or external rotation motion required. 
Some exercises such as the lateral lunge, lateral 
step-up and cross over step-up were included since 
they involve hip abduction/external rotation motion 
and torque production, but movements like these do 
contain an unfair advantage since they also require 
hip extension torque and movement in the sagittal 
plane. Despite their combined action, authors made 

a judgment call to include them in the current anal-
ysis as these exercises are typically used in a physi-
otherapeutic setting for injury rehabilitation type 
activity. Plyometric or hopping movements were 
also excluded as they are performed with higher 
acceleration, thus they have an unfair advantage in 
terms of eliciting high levels of gluteal activation. 
Moreover, plyometric exercises are higher end per-
formance type exercises and should be used once 
an individual exhibits prerequisite strength levels 
(eccentric) which includes activation, mobility and 
stability. Additionally studies were excluded that did 
not normalize EMG activity to MVIC.

Study Selection
A search of electronic databases and a scan of article 
reference lists revealed 575 relevant studies (Figure 
1). After applying the inclusion and exclusion crite-
ria 23 studies were retained for further analysis. 

RESULTS
There were a total number of 467 subjects (194 male, 
197 female, 76 sex not provided) while the total num-
ber of exercise variations were 52. See Appendix 1 
for details on all included studies. 

Exercise Position
The studies considered in this systematic review 
were conducted in either a WB position (standing) 
or a NWB position (side-lying and seated).

Standing position
Information regarding the gluteal activation for 
the standing position can be observed in Table 1. 
Eighteen studies used this position with twenty-
six exercise variations and 363 subjects. The most 
commonly studied exercise variation was the lateral 
step up (126 subjects). The highest Gmax (113.8 ± 
89.5 % MVIC) activation occurred in the lateral step 
up,14 however, when averaged from six studies, the 
activation level was 49.6 ± 15 % MVIC. The highest 
Gmed (101 ± 7 % MVIC) activation occurred in the 
standing hip abduction Thera band at ankle (Borg 
(Borg Rating of Perceived Exertion CR10) ≥7 load)46 
When all data was pooled, the average Gmax activa-
tion was 34.7 ± 14.3 % MVIC and the average Gmed 
activation was 47.2 ± 17.2 % MVIC for the standing 
exercise variations (see Table 4).
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associated with the seated hip abduction machine 
(Borg ≥7 load).40 When all data was pooled, the aver-
age Gmax activation was 66.7 ± 10 % MVIC and the 
average Gmed activation was 65.2 ± 7.2 % MVIC for 
the seated variations (see Table 4).

Summary of positions
Details of gluteal activation for all positions are summa-
rized in Table 4. For both Gmax and Gmed, the standing 
position produced a higher activation compared to the 
side-lying position whilst the seated position produced 
the highest average activation for both Gmax (66.7 ± 
10 % MVIC) and Gmed (65.2 ± 7.2 % MVIC). While the 
seated position produced the highest activation, only 
one study used exercises in that position.

Exercise EMG Activity Level (% MVIC)
The magnitude of mean gluteal activation is strati-
fied into the four levels of activity43-45 in Figures 
2-5. This classification scheme provides a means 

Side-lying position
Details of gluteal activation for the side-lying posi-
tion can be observed in Table 2. Twelve studies used 
this position with twenty-two different exercise vari-
ations and 244 subjects. The most commonly studied 
exercise variation was the side-lying hip abduction 
(197 subjects). The highest Gmax (72.8 % MVIC) and 
Gmed (103 % MVIC) activation was associated with 
the side bridge with abduction dominant leg (DL) 
down exercise.51 When all data was pooled the aver-
age Gmax activation was 30.4 ± 23.8 % MVIC and the 
average Gmed activation was 41.9 ± 16.5 % MVIC for 
the side lying exercise variations (see Table 4).

Seated Position
Specifics regarding gluteal activation for the seated 
position are detailed in Table 3. One study used this 
position with four different exercise variations and 
sixteen subjects. The highest Gmax (70.8 ± 11 % 
MVIC) and Gmed (80 ± 8 % MVIC) activation was 

Figure 1. Flow chart of information through the different phases of the systematic review
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Table 1. Comparison of muscle activation in the Gluteus Maximus and Gluteus Medius for all standing 
exercises. Values given as the mean and the standard deviation

Range % MVIC Average % MVIC 
Exercise

Number
of

Studies

Number
of

Subjects Gmax Gmed Gmax Gmed 
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Table 1. (Continued) Comparison of muscle activation in the Gluteus Maximus and Gluteus Medius for 
all standing exercises. Values given as the mean and the standard deviation

Range % MVIC Average % MVIC 
Exercise

Number
of

Studies

Number
of

Subjects Gmax Gmed Gmax Gmed 

BM Gmax Gmed MVIC

Borg
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Table 2. Comparison of muscle activation in the Gluteus Maximus and Gluteus Medius for all 
side lying exercises. Values given as the mean and the standard deviation

Range% MVIC Average % MVIC
Exercise Number

of Studies 

Number
of

Subjects Gmax Gmed Gmax Gmed
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Table 2. (Continued) Comparison of muscle activation in the Gluteus Maximus and Gluteus 
Medius for all side lying exercises. Values given as the mean and the standard deviation

Range% MVIC Average % MVIC
Exercise Number

of Studies 

Number
of

Subjects Gmax Gmed Gmax Gmed

BM DL Gmax Gmed

MVIC Clam Shell 1

Clam Shell 2

Clam Shell 3

Clam Shell 4

Clam shell  PNHIP0

Clam shell PNHIP30 Clam shell 

PNHIP60 Clam shell PRHIP0

Clam shell PRHIP30 Clam

shell PRHIP60 Borg
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Table 3. Comparison of muscle activition in the Gluteus Maximus and 
Gluteus Medius for all seated exercises. Values given as the mean and the 
standard deviation

Table 4. Summary of average % MVIC for Gluteus Maximus and Gluteus 
Medius in different exercise positions. Values given as the mean and the 
standard deviation
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Figure 2. Mean Gluteus Maximus (Gmax) and Gluteus Medius (Gmed) exercises with very high activation (>60% of averaged 
EMG/MVIC).  
BM = Body mass  MVIC = Maximum voluntary isometric contraction  Borg = Borg Rating of Perceived Exertion CR10 DL = Dominant 
leg Clam Shell 2 = Side-lying with hips  fl exed at 45°. Internally rotate the top leg (knees together)  Clam Shell 3 = Top thigh raised to 
parallel to table with hip in neutral rotation and 45° of fl exion. Top leg then internally rotated. Knee height remains the same throughout 
the entire movement Clam Shell 4 = Same as 3 except the top leg is in extensio

Figure 3. Mean Gluteus Maximus (Gmax) and Gluteus Medius (Gmed) exercises with high activation (>41 – 60% of averaged 
EMG/MVIC). 
BM = Body mass MVIC= Maximum voluntary isometric contraction Borg = Borg Rating of Perceived Exertion CR10
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Figure 4. Mean Gluteus Maximus (Gmax) and Gluteus Medius (Gmed) exercises with moderate (>21 – 40% of averaged EMG/
MVIC). 
BM = Body mass MVIC= Maximum voluntary isometric contraction Borg = Borg Rating of Perceived Exertion CR10 DL = 
Dominant leg Clam Shell 1 = Side-lying with hips fl exed at 45°. Externally rotate top Clam Shell 3 = Top thigh raised to paral-
lel to table with hip in neutral rotation and 45° of fl exion. Top leg then internally rotated. Knee height remains the same through-
out the entire movement Clam Shell 4 = Same as 3 except the top leg is in extension PNHIP0 = pelvis neutral, hip in 0° of 
fl exion Clam shell PNHIP30 = pelvis neutral, hip in 30° of fl exion Clam shell PNHIP60 = pelvis neutral, hip in 60° of fl exion

Figure 5. Mean Gluteus Maximus (Gmax) and Gluteus Medius (Gmed) exercises with low activation (0-20% of averaged EMG/
MVIC). 
BM = Body Mass MVIC= Maximum voluntary isometric contraction Clam Shell 2 = Side-lying with hips fl exed at 45°. Inter-
nally rotate the top leg (knees together) Clam shell  PNHIP0 = pelvis neutral, hip in 0° of fl exion Clam shell PRHIP0 = pelvis 
reclined, hip in 0° of fl exion Clam shell PRHIP30 = pelvis reclined, hip in 30° of fl exion Clam shell PRHIP60 = pelvis 
reclined, hip in 60° of fl exion
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by which the practitioner can select exercises, that 
match the strength status of their client/athlete and 
also provides a means by which strengthening of the 
gluteals can be progressively overloaded in a sys-
tematic fashion. 

Very High EMG Activity Exercise
The very high activity exercises (Gmax: 11 exercises, 
Gmed: 14 exercises) can be observed in Figure 2. 
The cross over step up exercise produced the high-
est Gmax activation (103 ± 63.6 % MVIC), while the 
side bridge with hip abduction DL down produced 
the highest Gmed activation (103% MVIC).

High EMG Activity Exercise
The high activity exercises (Gmax: 4 exercises, 
Gmed: 8 exercises) are detailed in Figure 3. This tier 
had the fewest number of exercises (12) compared 
to the other activation tiers with 9 of the exercises 
performed in the standing position.

Moderate EMG Activity Exercise
Moderate activity exercises (Gmax: 21 exercises, 
Gmed: 14 exercises) of the gluteal musculature can 
be viewed in Figure 4. This tier had the highest num-
ber of exercises (total 35). 

Low EMG Activity Exercise
The low activation exercises (Gmax: 15 exercises, 
Gmed: 5 exercises) are shown in Figure 5. Exer-
cises in this tier corresponded considerably more to 
Gmax activation than Gmed. Three variations of the 
monster walk exercise required the least amount of 
activation for the Gmax (range 4-6 % MVIC) while 
four variations of the clam shell exercise elicited the 
lowest amount of activation for the Gmed (ranging 
from 12-18 % MVIC).

DISCUSSION
The results of this systematic review indicate that 
EMG activation (% MVIC) of the Gmax and Gmed 
musculature from hip abduction and external rota-
tion exercises varied greatly depending on the posi-
tion and complexity of the movement. Andersen 
et al38 proposed that exercises with higher % MVIC 
values are necessary for strength gains. A factor in 
strength progression is exercise intensity, indicated 
through EMG data with a greater % MVIC requir-

ing greater motor control and joint stabilisation.38 
Therefore, for enhancing muscular strength in a 
rehabilitation setting, it is valuable to be aware of the 
level of muscle activation an exercise elicits. More-
over, Boren et al52 noted that by knowing a muscles 
% MVIC during various exercises, the strengthen-
ing potential can be inferred. Exercises performed 
in a WB position produced a greater % MVIC com-
pared to a NWB position for both muscle groups, 
with Gmed activity levels higher than Gmax in both 
positions. The top three Gmax and two of the top 
three Gmed EMG activity exercises were performed 
in a WB position suggesting that standing exercises 
imposed greater demands of the musculature and 
changes to the base of support can affect the activity 
level of the Gmax and Gmed. 

Although several exercises in the very high tier are 
demanding, thus potentially inappropriate for begin-
ners or weaker individuals due to the high stability 
requirements, the clam shell exercises versions 2 – 
4 (ranging 62.4-76.8 % MVIC) can be used to elicit 
strengthening of the Gmed as the side-lying position 
provides stabilization. Clam shell version 2 requires 
internal hip rotation from a side-lying position at 45° 
hip flexion, version 3 has internal hip rotation per-
formed from the top leg which is raised and held in 
an abducted position, whilst version 4 is the same as 
version 3 but the top leg is in extension. Moreover, 
individuals who are unable to perform WB exer-
cises can benefit from performing clam shell exer-
cises and other NWB side-lying exercises. The side 
lying abduction exercise is commonly prescribed 
by practitioners, evidenced by being used in nine 
studies with EMG activity ranging from 21.3 - 51.1 % 
MVIC for the Gmax and 26.8 - 81.2 % MVIC for the 
Gmed. The variance in EMG activity can be most 
likely attributed to differing testing positions such 
as the angle at which abduction was maintained, 
pelvis position and whether the leg abducted was in 
hip flexion or hip extension. Three other side-lying 
abduction exercises produced moderate activation 
of the Gmax (range 25.3 – 37.3 % MVIC) noting its 
role as a secondary hip abductor, while six variations 
of the clam exercise highlight the Gmax’s role as a 
lateral rotator (range 26.2 -39 % MVIC). 

The greater demands of the step up exercises as 
demonstrated by greater Gmed activity, highlight 
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muscle, different studies used different approaches 
e.g. root mean square of 3 trials or average EMG of 
3 trials. Moreover, the EMG’s signal moving window 
varied from 11.7 to 5000 milliseconds. Furthermore, 
data was extrapolated from the Figures of Cambridge 
et al., 53 Webster and Gribble, 59 Oliver 58 and Willcox 
and Buden,60 which potentially introduces measure-
ment error. Where concentric and eccentric data 
was provided by Philippon et al10 and Simenz et al,14 
the data was averaged and presented as such in this 
review. In order to accurately compare EMG activity 
between two studies, at the very least, their MVIC 
positions, electrode site placements, data process-
ing, and amplitude presentations should be iden-
tical, and other variables such as range of motion, 
relative load, effort, tempo, gender, age, and training 
status should be similar when possible.

Several studies investigated the same exercise, 
however, differences in the way the exercises were 
performed need to be considered when analysing 
the findings. For example, the step up height used 
for lateral step up exercise ranged between 15 to 
45.7cm, therefore, differing levels of EMG activation 
would be an expected outcome. Moreover, the thick-
ness and therefore level of resistance for the rubber 
tubing / band resistance exercises is another consid-
eration when comparing findings. Additional limita-
tions related to this review pertain to many exercises 
that would meet the inclusion criteria but have yet 
to undergo EMG examination.

Future research should be conducted to compare a 
wide variety of Gmax and Gmed exercises, perhaps 
the exercise that top the charts in this review, under 
the same testing conditions (ie: MVIC position, elec-
trode site placement, data processing, amplitude 
presentation), to verify that the data in this review 
are accurate. Finally, this review summarises infor-
mation obtained from healthy subjects; therefore, 
vigilance is necessary when extrapolating these 
findings to patients with pathology.

CONCLUSION AND PRACTICAL 
APPLICATION 
The purpose of this systematic review was to quan-
tify the EMG activity of the Gmax and Gmed muscu-
lature during hip abduction and hip external rotation 
exercises. It would seem that EMG activity levels 

the synergist role of the Gmed in maintaining pelvis 
and knee stability (cross over step up 57.6 ± 19.5 
and mean lateral step up 41.4 ± 16.7 % MVIC). Vari-
ations in EMG activation during the lateral step up 
exercise may be attributed to an individual’s famil-
iarity with the complexity of the movement and the 
height of the box with Gmed activity ranging from 
18 – 59.8 % MVIC and Gmax ranging from 29 to 
113 % MVIC. This is exemplified by the highest box 
height 45.7cm used by Simenz et al.14 resulting in the 
highest Gmax activity of 113 % MVIC. Compared to 
the step-up exercises, the pelvic drop (standing hip 
abduction/adduction) exercise may be considered a 
simpler exercise to be taught and implemented, yet 
it produced high Gmed activation (mean 49.3 ± 25.6 
and highest 57.6 ± 19.5 % MVIC) due to the pelvis-
on-femur adduction and abduction control, as noted 
by Reiman et al.3 

Though often prescribed to target the Gmed, the 
standing hip abduction exercise with Thera band 
attached to the ankle produced a high level of Gmax 
activation (59 % MVIC) highlighting its role as a sec-
ondary hip abductor. Three variations of the monster 
walk exercise required the least amount of activation 
for the Gmax (range 4-6 % MVIC) while four varia-
tions of the clam shell exercise elicited the lowest 
amount of activation for the Gmed (ranging from 
12-18 % MVIC). Of consideration to practitioners is 
that during the monster walk exercise, distal band 
placement resulted in greater activation of Gmax and 
Gmed, as compared to proximal band placement. 

Interpretation Limitations
The reader needs to be cognisant of a number of lim-
itations that affect interpretation, namely that the 
methodological approaches varied greatly between 
the twenty-three studies (see Appendix 1). For exam-
ple, some studies used different exercise positions 
for determination of the MVIC, which could dramat-
ically impact normalized levels of gluteal activation. 
This is especially important in the case of the Gmax, 
since Worrell et al48 showed that the level of maxi-
mal activation is highly dependent on the hip angle. 
Moreover, the placement of the electrodes on the 
Gmax and Gmed differed between some studies. All 
studies used surface electrodes, with the exception 
of Selkowitz et al58 who used indwelling electrodes. 
To normalize the EMG signals recorded for each 
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 3. Reiman MP, Bolgla LA, Loudon JK. A literature 
review of studies evaluating gluteus maximus and 
gluteus medius activation during rehabilitation 
exercises. Physio Theory & Pract. 2012;28:257-268. 

 4. Lyons K, Perry J, Gronley JK, Barnes L, Antonelli D. 
Timing and relative intensity of hip extensor and 
abductor muscle action during level and stair 
ambulation: An EMG study. Phys Ther. 1983;63:1597-
1605.

 5. Wilson JD, Ireland ML, Davis I. Core strength and 
lower extremity alignment during single leg squats. 
Med & Sci in Sports & Exer. 2006;38:945.

 6. Flack NAMS, Nicholson HD, Woodley SJ. A review of 
the anatomy of the hip abductor muscles, gluteus 
medius, gluteus minimus, and tensor fascia lata. Clin 
anatomy. 2012; 25:697-708. 

 7. Conneely MO, Sullivan K, Edmondston S. Dissection 
of gluteus maximus and medius with respect to their 
suggested roles in pelvic and hip stability: 
implications for rehabilitation? Phys Ther in Sport. 
2006;7:176-178.

 8. Blazevich AJ. Optimizing hip musculature for 
greater sprint running speed. J Strength Cond Res. 
2000;22:22. 

 9. Schache AG, Blanch PD, Dorn TW, et al. Effect of 
running speed on lower limb joint kinetics. Med & 
Sci in Sports & Exerc. 2011;43:1260-1271. 

 10. Philippon MJ, Decker MJ, Giphart JE, et al. 
Rehabilitation exercise progression for the gluteus 
medius muscle with consideration for iliopsoas 
tendinitis in vivo electromyography study. Am J 
Sports Med. 2011;39:1777-1785.

11. Robertson DGE, Wilson JM, St. Pierre TA. Lower 
extremity muscle functions during full squats. 
J Appli Biom. 2008;24:333–339. 

12. Hollman JH, Ginos BE, Kozuchowsk J, et al. 
Relationships between knee valgus, hip-muscle 
strength, and hip-muscle recruitment during a 
single-limb step-down. J Sport Rehab. 2009:18:104–
117. 

13. Hamstra-Wright KL, Blive KH. Effective exercises for 
targeting the gluteus medius. J Sport Rehab. 
2012;21(3):296-300. 

14. Simenz CJ, Garceau LR, Lutsch BN, et al. 
Electromyographical analysis of lower extremity 
muscle activation during variations of the loaded 
step-up exercise. J Strength Cond Res. 2012;26:3398-
3405.

15. Lee D. Instability of the sacroiliac joint and the 
consequences to gait. J Manual & Manip Ther. 
1996;4:22-29.

16. Presswood L, Cronin J, Keogh JW, Whatman C. 
Gluteus medius: Applied anatomy, dysfunction, 

can be affected by changes in body position (WB 
vs. NWB) and the complexity of the exercise. EMG 
activity for Gmax ranged from 4 to 113 % MVIC and 
Gmed ranged from 12 to 103 % MVIC. Exercises with 
greater movement complexity, e.g. exercises such as 
the lateral step-up where the body must change the 
angles of more than one joint while performing the 
action, were found to elicit greater % MVIC for both 
Gmax and Gmed. Exercises performed WB produced 
a greater % MVIC for both Gmax and Gmed com-
pared to NWB. Although the NWB seated position 
was found to have the greatest activity levels, only 
one study assessed this position making analysis 
and comparison limited.

The higher EMG activation found in WB movements 
is explained by Reiman et al3 who suggested that 
when an exercise pattern imposes greater move-
ment demands, the Gmax and Gmed are required to 
maintain a level pelvis position, through hip abduc-
tion, and minimize knee valgus, through hip exter-
nal rotation. Hence, practitioners ought to consider 
trunk position in relation to the base of support, in 
addition to the direction of movement when apply-
ing a progressive strengthening program.3 Individu-
als who have difficulty performing WB exercises can 
benefit from using NWB side-lying or seated exer-
cises to strengthen the gluteal musculature. When 
strengthening a weaker muscle or muscle group, 
practitioners may wish to prescribe a gradual and 
progressive exercise program to ensure the targeted 
area is developed. This may be of importance if 
individuals seek and implement a compensatory 
movement pattern when faced with weakness or 
dysfunction. Individuals may benefit from being 
prescribed exercises that they can perform with 
good technique without substitution. Subsequently, 
once this can be achieved exercise difficulty can be 
progressed with more difficult exercises. 
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Appendix 1. Summary of the 23 studies reviewed with EMG activation (%MVIC) values 
given as the mean and the standard deviation
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Appendix 1. (Continued) Summary of the 23 studies reviewed with EMG activation 
(%MVIC) values given as the mean and the standard deviation
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Appendix 1. (Continued) Summary of the 23 studies reviewed with EMG activation 
(%MVIC) values given as the mean and the standard deviation
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ABSTRACT
Background: A smaller knee flexion angle and larger knee valgus angle during weight-bearing activities have been identified as risk fac-
tors for non-contact anterior cruciate ligament (ACL) injuries. To prevent such injuries, attention has been focused on the role of hip 
strength in knee motion control. However, gender differences in the relationship between hip strength and knee kinematics during 
weight-bearing activities in the frontal plane have not been evaluated.

Hypothesis/Purpose: The purpose of this study was to determine the influence of hip strength on knee kinematics in both genders dur-
ing a single-legged landing task in the frontal plane. The hypotheses were that 1) subjects with a greater hip strength would demonstrate 
larger knee flexion and smaller knee valgus and internal rotation angles and 2) no gender differences would exist during the single-legged 
landing task. 

Methods: Forty-three Japanese collegiate basketball players (20 males, 23 females) participated in this study. Three-dimensional motion 
analysis was used to evaluate knee kinematics during a single-legged medial drop landing (SML). A hand-held dynamometer was used to assess 
hip extensor (HEXT), abductor (HAB), and external rotator (in two positions: seated position [SHER] and prone [PHER]) isometric strength. 
Spearman rank correlation coefficients (ρ) were determined for correlations between hip strength and knee kinematics at initial contact (IC) 
and peak (PK) during SML (p < 0.05).

Results: Negative correlations were observed between the knee valgus angle at IC and HEXT (ρ = −0.48, p = 0.02), HAB (ρ = −0.46, p = 
0.03) and PHER (ρ = −0.44, p = 0.04) strength in females. In addition, a significant positive correlation was observed between the knee 
flexion angle at PK and HEXT strength (ρ= 0.61, p = 0.004) in males.

Conclusions: Significant correlations between hip strength and knee kinematics during SML were observed in both genders. Hip strength 
may, therefore, play an important role in knee motion control during sports activities, suggesting that increased hip strength may help to 
prevent non-contact ACL injuries in athletes of both genders. Moreover, gender-specific programs may be needed to control abnormal knee 
motion, as the influence of hip strength on knee kinematics may differ based on gender.

Level of Evidence: 3

Keywords: Gender differences, hip strength, knee biomechanics, risk of anterior cruciate ligament injury
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INTRODUCTION
Non-contact anterior cruciate ligament (ACL) inju-
ries frequently occur in female athletes who par-
ticipate in sports requiring deceleration and sudden 
changes of direction at a four- to six-fold greater 
injury rate than males participating in the same 
sports.1-4 Following ACL injuries, many athletes 
choose ACL reconstruction surgeries, and they face 
other problems such as medical treatment expenses 
and academic performance issues.3,5 Additionally, 
the rates of ACL reoperation (37.1%) and re-injury 
(11.9%) following ACL reconstruction are high in 
collegiate patients.6,7 Therefore, emphasis has been 
placed on understanding the mechanism of ACL 
injury, using biomechanical analysis.

According to the authors of previous cross-sectional 
studies, females had a smaller knee flexion angle 
and larger knee valgus and internal rotation angles 
compared with males; therefore, these knee motions 
have been identified as risk factors for non-contact 
ACL injury.8-10 Additionally, in a longitudinal study, 
female athletes who sustained non-contact ACL 
injuries during an athletic preseason demonstrated 
smaller knee flexion and larger knee abduction 
angles during a drop vertical jump maneuver com-
pared to athletes who did not sustain ACL injuries.11 
Video analysis of knee motion during non-contact 
ACL injuries revealed a decrease in the knee flexion 
angle and increase in the knee abduction and inter-
nal rotation angles during the moment of injury.12-14 
Another study utilizing video analysis revealed there 
were gender differences in the mechanism of ACL 
injury in basketball players.15 Krosshaug et al found 
that female athletes demonstrated more knee flexion 
angle (15°) than male athletes did (9°) at the moment 
of ACL injury.15 Therefore, the control of abnormal 
knee motion based on gender may play an important 
role in reducing the risk of non-contact ACL injury.

Recently, the influence of hip strength on knee func-
tion has been a focus of ACL injury prevention. Lee-
tun et al reported that female athletes who sustained 
ACL injuries during an athletic season demonstrated 
decreased hip abduction and external rotation 
strength compared with those who sustained other 
lower extremity injuries or did not sustain ACL inju-
ries.16 Furthermore, subjects with diminished hip 
abduction strength demonstrated larger positions of 

knee abduction during treadmill running compared 
with those with strong hip abductors.17 In addition, 
hip extension and abduction strength and the peak 
knee flexion angle all increased significantly dur-
ing a drop landing task following a four-week train-
ing course that emphasized the musculature of the 
hip.18 The results of these studies indicate that hip 
strength may alter the lower extremity biomechan-
ics associated with ACL injury risk.

However, the relationship between hip strength and 
knee kinematics during weight-bearing activities 
has remained controversial. Many researchers have 
employed the single leg squat task to assess knee 
kinematics and found that subjects with greater hip 
strength demonstrated less knee valgus motion or 
lower frontal plane projection angles at the knee.19-22

Furthermore, McCurdy et al reported significant 
negative correlations between hip extension and 
abduction strength and knee valgus angle during a 
bilateral drop jump and with hip extension strength 
and knee valgus angle during a unilateral drop 
jump.23 Therefore, hip strength may play an impor-
tant role in the control of frontal plane knee motion.

In contrast, several authors have reported no sig-
nificant correlations between hip strength and knee 
kinematics. For example, Jacobs et al observed a 
moderate but non-statistically significant negative 
correlation between hip abduction strength and knee 
valgus peak joint displacement during a single leg 
landing task.24 Moreover, Thijs et al reported the lack 
of significant correlations between hip strength and 
knee kinematics during a lunging task.25 Sigward et 
al found no significant correlations among hip exten-
sion, abduction and external rotation strength, and 
knee kinematics during a drop landing task.26 Fur-
thermore, Hollman et al reported that an increase in 
hip strength may be associated with an increase in 
knee valgus angle during a single-limb step down.27

Authors of previous studies have employed weight-
bearing activities during sagittal plane activities (e.g., 
single leg squat, lunge, and drop jump) to assess 
knee kinematics. However, the sports in which non-
contact ACL injuries occur frequently require multi-
directional movement.3,12 Therefore, the evaluation 
of knee kinematics during weight-bearing activities 
performed in the frontal plane is highly essential in 
determining the relationship between hip strength 
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and knee kinematics. Additionally, single leg land-
ing has been identified as a landing task associated 
with a risk of non-contact ACL injury.12 Therefore, 
assessing the relationship between hip strength and 
knee kinematics during a single leg landing task in 
the frontal plane may help elucidate the influence of 
hip strength on the control of knee motion.

A few earlier studies have evaluated gender differ-
ences in the relationship between hip strength and 
knee kinematics.22,24 However, no current studies 
have assessed the relationship between hip strength 
and knee kinematics during a single leg landing task 
in the frontal plane. Therefore, the purpose of this 
study was to determine the influence of hip strength 
on knee kinematics during a single-leg landing task 
in the frontal plane in athletes of both genders. The 
first hypothesis was that subjects with greater hip 
strength would demonstrate a larger knee flexion 
angle and smaller knee valgus and internal rotation 
angles. The second hypothesis was that no gender 
differences would be observed in this relationship 
during the single-leg landing task.

METHODS

Subjects
Sixty-eight Japanese competitive intercollegiate bas-
ketball players (32 males and 36 females) from three 
different local universities were recruited for this 
study. All subjects completed informed consent and 
medical history questionnaire forms. Based on the 
results of the medical health questionnaire forms, 
subjects were excluded if they met the following 
conditions: 1) a history of spinal or lower extrem-
ity surgery, 2) history of spinal or lower extremity 
injury within the past three months, and 3) neuro-
logical disorders affecting the lower extremities. A 
total of 43 eligible subjects (20 males: age = 20.20 ± 
1.54 years, height = 176.87 ± 6.95 cm, body mass 
= 73.55 ± 7.98 kg; 23 females: age = 19.96 ± 0.77 
years, height=164.36 ± 8.42 cm, body mass = 58.31 
± 6.86 kg) participated in the study. All females 
were right limb dominant. There were two left limb 
dominant and 18 right limb dominant males. Knee 
kinematic and hip strength assessments were per-
formed on the dominant leg only (i.e., preferred leg 
for strongly kicking a ball). The sample size for this 
study was based on a previous study, which deter-

mined relationship between knee valgus and hip 
muscle strength.27 The study protocol was approved 
by the Institutional Review Board of Niigata Univer-
sity, Niigata University of Management, and Niigata 
Institute of Health and Sports Medicine.

PROCEDURES

Hip Strength Measurements
A handheld dynamometer (Power Track Comman-
derⅡTM; JTECH Medical, Salt Lake City, UT, USA) 
was used to isometrically measure hip strength. This 
instrument is widely used to evaluate hip strength 
in clinical settings and has exhibited excellent intra-
class correlation coefficients for measuring maximal 
voluntary isometric hip strength.27,28 All hip strength 
measurements were obtained by a single examiner 
who has been a certified athletic trainer for 14 years 
and certified strength and conditioning specialist for 
10 years. 

For hip extension strength measurements, subjects 
were placed in the prone position on a table, with 
the knee flexed at 70°–90° (Figure 1a). Subjects were 
allowed to hold the side of the table with both hands 
during the testing session. The examiner placed the 
HHD 5 cm proximal to the knee joint line.29

Hip abduction strength was measured with the sub-
ject positioned side-lying on the table, with the hip 
and knee in a neutral position (Figure 1b). The hip 
and knee joints of the lower (non-tested) leg were 
flexed to 90°. The subjects were instructed to hold 
on to the side of the table with their upper hand and 
the top of the table with their lower hand during the 
testing session. The examiner applied the HHD 5 
cm proximal to the lateral malleolus.29

Two different positions (SHEX and PHEX) were 
selected to measure the hip external rotation 
strength, as a previous study indicated that the hip 
angle changed the degree of hip external rotation 
torque. 30 For strength testing in the SHEX position, 
subjects were seated on the table with the hip and 
knee flexed at 90° (Figure 1c) and instructed to hold 
on to the side of the table during the testing session. 
The HHD was applied 5 cm proximal to the medial 
malleolus.29 For the PHEX position, subjects were 
placed in the prone position with the hip in a neutral 
position and the knee flexed at 90° (Figure 1d) while 
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according to the following formula: (kg strength/kg 
subject`s body mass) x 100 (%BW).28

Before the study began, a pilot study was conducted to 
confirm the test-retest reliability of the examiner who 
performed the strength testing during this study.28 
Eight healthy active undergraduate students who exer-
cised at least two times per week for at least 30 minutes 
were recruited. The subjects were tested twice within 
one week, using the same protocol described above. 
The intra-class correlation coefficients (ICC1,2) ranged 
from 0.93 to 0.99, indicating excellent reliability.

SINGLE-LEGGED MEDIAL DROP LANDING 
(SML)
Reflective markers were placed on the following 
anatomical locations: head (top, back, and side), 

they held on to the side of the table with both hands. 
The examiner placed the HHD 5 cm proximal to the 
medial malleolus.29

All hip strength measurements were collected for 
the dominant leg. During the testing session, the 
subjects performed two sub-maximal trials to ensure 
the correct test position. After the sub-maximal tri-
als, they performed two successful test trials (using 
a make-test). The average of the two test trial val-
ues was used to indicate hip strength. The dura-
tion of each trial was 5 seconds, separated by a 30 
sec rest period. The order of muscle testing was 
randomized to reduce systematic bias. When com-
pensatory motion was detected by the examiner, a 
retest was ordered after a 30 second rest period. All 
hip strength data were normalized to body weight 

Figure 1. Hip Strength. a: Hip Extension (HEXT), b: Hip Abduction (HAB), c: Hip External Rotation in the Seated Position 
(SHER), d: Hip External Rotation in the Prone Position (PHER).
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eral and medial epicondyles of the femur. Vertical 
ground reaction force (vGRF) data were determined 
at the initial contact (IC) (vGRF > 10 N) during SML. 
The movement cycle was defined from the IC to the 
peak (PK), which was operationally defined as the 
moment at which maximum knee flexion angle was 
observed. The knee flexion (+)-extension (-), val-
gus (+)-varus (-), and internal rotation (+)-external 
rotation (-) angles at IC and the maximum angles 
observed from IC to PK were recorded for each trial. 
The knee kinematics for three SML trials were aver-
aged and used in the statistical analysis.

STATISTICAL ANALYSES
Some variables were not normally distributed 
according to the Shapiro–Wilk test; therefore, the 
Mann–Whitney U test was used to determine gen-
der differences in hip strength and knee kinematics 
during SML. Spearman rank correlation coefficients 
(ρ) were used to determine the correlations between 
hip strength and knee kinematics during SML. The 
significance level was set at p < 0.05. All data anal-
ysis was performed using SPSS (version 19.0; SPSS 
Inc., Chicago, IL, USA).

RESULTS
The variables for hip strength and knee kinematics 
are presented in Tables 1 and 2, respectively. Females 
had significantly weaker HAB (females: 18.48 ± 
4.79 %BW vs. males: 21.65 ± 3.82 %BW, p = 0.03), 
SHER (females: 18.73 ± 3.75 %BW vs. males: 24.18 
± 3.90 %BW, p < 0.01), and PHER values (females: 
19.51 ± 4.19 %BW vs. males: 25.51 ± 3.69 %BW, p < 
0.01) when compared with males. (Table 1) Signifi-
cant gender differences were also observed in knee 
kinematics during SML. Relative to males, females 
exhibited significantly greater knee flexion angles at 
IC (females: 26.94° ± 4.30 vs. males: 23.17 ± 4.29°, p 
= 0.006) and internal rotation angles at IC (females: 
−0.38 ± 6.12° vs. males: −6.01 ± 6.12°, p = 0.02) 
and PK (females: 2.05 ± 8.08° vs. males: −4.13 ± 
4.97°, p = 0.01).

The Spearman rank correlation coefficients between 
the variables of interest are shown in Tables 3 and 
4. In females, the knee valgus angle at IC exhibited 
significant negative correlations with hip extension 
(ρ = −0.48, P = 0.02), hip abduction (ρ = −0.46, 
p = 0.03), and the PHER value (ρ = −0.44, p = 0.04). 

manubrium, xiphoid process, spinous process of the 
seventh cervical vertebra and tenth thoracic verte-
bra, apex of the sacrum, bilaterally on the acromion 
processes, olecranon processes, styloid processes 
of the radius, anterior superior iliac spines, poste-
rior superior iliac spines, greater trochanters, lateral 
and medial epicondyles of the knees, center of the 
patellae, tibial tuberosities, lateral aspects of the 
mid and distal shank, posterior aspects of the distal 
shank, lateral and medial malleoli, calcanei, second 
metatarsals, and fifth metatarsals. Once the mark-
ers were attached, a static trial was performed to 
determine each subject’s neutral alignment. Marker 
placements were an original set determined by the 
authors, used for this study.

The SML, which was used to assess knee kinematics 
during a single leg landing task in the frontal plane, 
was conducted first.31 The SML is performed by com-
pleting a single leg drop landing from a 20-cm box. 
Subjects were instructed to stand on their dominant 
leg on the box and then asked to drop-off the box 
medially onto the force plate using the same leg and 
hold the landing position for three seconds. Subjects 
were asked to perform six practice trials to famil-
iarize themselves with the task. Once the subjects 
were comfortable with the task, they were asked to 
perform three successful trials.

All hip strength measurements and the SML test 
were performed at the Niigata Institute of Health 
and Sports Medicine on the same day. SML test was 
conducted prior to hip strength measurements. To 
minimize the fatigue effects, 10 minutes rest time 
was provided after SML measurements and before 
hip strength measurements.

DATA ANALYSIS
An eight infrared camera motion capture system 
(VICON T 10, Vicon Motion Systems, UK) and four 
600 × 900 mm2 force platforms (Kistler Co. Switzer-
land) were used for data collection. The sampling 
rates were 120 Hz and 240 Hz, respectively. All kine-
matics data were smoothed using a fourth-order zero-
lag Butterworth filter with a cut-off frequency of 20 
Hz.32 Local coordinate systems of the head, trunk, 
pelvis, thigh, shank, and foot were determined 
based on the static standing position. The knee joint 
center was estimated from the center of the lat-
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DISCUSSION
Significant correlations were observed between hip 
strength and knee kinematics during SML in males 
and females, thus supporting first hypothesis. Knee 
valgus angle at IC during SML correlated negatively 
with HEXT, HAB, and PHER strength in females; in 

No other significant correlations were observed in 
females. In males, a significantly positive correla-
tion was observed between the knee flexion angle 
at PK and hip extension (ρ = 0.61, p = 0.004). No 
other significant correlations were observed in male 
subjects.

Table 1. Gender Differences in Hip Strength. Expressed as Mean±SD (95% 
Confi dence Interval)

Variables Female, %Body p-value
weight 

Male, %Body
weight 

HEXT 42.64±7.91 39.35±8.13 .21 
(38.93, 46.34) (35.84, 42.87)

HAB* 21.65±3.82 18.48±4.79 .03 

(19.86, 23.44) (16.41, 20.55)

SHER* 24.18±3.90 18.73±3.75 <.01 
(22.36, 26.01) (17.11, 20.35) 

PHER* 25.51±3.69 19.51±4.19 <.01 
(23.98, 27.43) (17.70, 21.32)

*Significant gender differences: p<.05.
Abbreviations: HEXT, hip extension; HAB, hip abduction; SHER, hip external rotation
with the seated position; PHER, hip external rotation with the prone position.

Table 2. Gender Differences in Knee Kinematic During Single Legged Medial Drop Landing.  
Reported as mean±SD (95% Confi dence Interval)
Knee Angle              Phase Male  Female         p-value 
      (degrees)  (degrees) 

Flexion(+)       Initial Contact*      23.17±4.29  26.94±4.30    .006
         (21.55, 25.46)  (25.06, 28.78) 
        Peak      62.40±8.51  65.12±6.79    .15 

(58.42, 66.39)       (62.18, 68.06) 

Valgus(+)       Initial Contact  4.86±4.49   5.23±4.14    .51 
         (1.34, 5.71)  (1.71, 6.57) 

        Peak          13.20±7.24   13.86±8.53    .85 
         (9.87, 17.85)  (10.07, 16.33)  

Internal Rotation(+)     Initial Contact*      6.01±6.12 0.38±6.12    .02 

         ( 12.06, 7.07) ( 7.07, 0.33) 
        Peak*        4.13±4.97   2.05±8.08    .01 
         ( 6.46, 1.80)  ( 1.44, 5.55) 

*Significant differences between genders: p<.05. 
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valgus angle.19-21 The results of the current study agree 
with those of previous studies, despite the use of a 
different task, the SML, to assess knee kinematics. 
Given that an increased knee valgus angle has been 
identified as a risk factor for non-contact ACL inju-
ries,8-11 HEXT, HAB and HER strength may therefore 
play an important role in reducing the knee valgus 
angle during weight-bearing activities in the frontal 
plane. Accordingly, an increase in hip strength may 
be worth investigating for the prevention of non-con-
tact ACL injuries in females. 

Another important finding of the current study was 
the positive correlation between HEXT strength and 
maximum knee flexion angle during SML in males, 
indicating that males with greater HEXT strength 
demonstrate larger knee flexion angles during SML. 
Previous authors found no significant relationship 
between hip strength and knee kinematics during 
single leg squat and single leg landing task in male 

other words, females with greater HEXT, HAB, and 
PHER strength demonstrated a smaller knee valgus 
angle during SML. Several previous studies have 
reported similar results. McCurdy et al and Stickler 
et al observed a negative relationship between hip 
extension strength and the knee valgus angle dur-
ing a unilateral drop landing and single leg squat in 
females.22,23 Additionally, Baldon et al and Stickler et 
al reported a negative correlation between hip abduc-
tion strength and the knee valgus angle and con-
cluded that increased hip abductor strength may play 
an important role in knee valgus angle control dur-
ing a single leg squat in females.21,22 Also, McCurdy 
found a negative correlation between hip abduction 
and knee valgus during bilateral landing in females.23 
Claiborne et al, Willson et al, and Stickler et al also 
reported that hip external rotation strength negatively 
correlated with the knee valgus angle during single 
leg squat, indicating that an increase in hip external 
rotation strength may contribute to a reduced knee 

Table 3. Spearman Rank Correlation Coeffi cients (ρ) Between Hip Strength and Knee Kinematics in Females

                    Knee Anlge @ Initial Contact                  Knee Angle @ Peak 

       Flx       Val     IR        Flx             Val        IR 

ρ p ρ p ρ p ρ p ρ p ρ       p

HEXT 0.13    .57    0.48    .02*    0.20     .36    0.04    .85    0.41    .05    0.25     .26 

HAB 0.22    .31    0.46    .03*    0.02     .94    0.17    .45    0.39    .06    
SHER  0.08    .72    0.27    .21     0.33     .13         0.02    .91    0.30    .17    
PHER  0.05    .81    0.44    .04*    0.13     .56  0.06    .79    0.37    .08    

0.81 .72
0.33 .12
0.24 .27

*Significant gender differences: P<.05. 
HEXT= hip extension; HAB= hip abduction; SHER= hip external rotation in the seated position; PHER= hip external rotation in the
 prone position; Flx= flexion; Val= valgus; IR= internal rotation. 

Table 4. Spearman Rank Correlation Coeffi cients (ρ) Between Hip Strength and Knee Kinematics in Males

                    Knee Anlge @ Initial Contact                  Knee Angle @ Peak 

       Flx       Val     IR        Flx             Val        IR 

ρ P ρ P ρ P ρ P ρ P ρ P

HEXT 0.23    .33     0.23     .33     0.17    . 48    0.61    .004*    0.31    .18      0.02     .93 

HAB 0.04    .86   0.05     .83     0.33    . 16    0.40    .08      0.07    .78    
SHER 0.15    .54     0.05     .82     0.11     .65    0.36    .12      0.14    .57      0.01     .99 
PHER 0.05    .83     0.26     .26     0.07     .65    0.08    .72      0.30    .21

0.26 .27

0.07 .77

*Significant gender differences: P<.05. 
Abbreviations: HEXT, hip extension; HAB, hip abduction; SHER, hip external rotation with the seated position; PHER, hip external rotation
with the prone position, Flx; flexion, Val; valgus, IR; internal rotation. 
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on knee kinematics.25-27 In addition, no previous 
authors have found a significant correlation between 
hip strength and knee kinematics in male subjects 
during weight-bearing activities.21,24 However, the 
results of the present study demonstrated signifi-
cant correlations between hip strength and knee 
kinematics during SML in both genders. Admit-
tedly, the selected task used for analysis of move-
ment may have affected the results of this study. 
Most studies that observed correlations between hip 
strength and knee kinematics employed a single leg 
landing task in the sagittal plane when evaluating 
knee kinematics.19-22 However, during sports activi-
ties, athletes are required to control knee motion 
from multi-directional forces. In the video analy-
sis, athletes who injured ACL show not only for-
ward but also medial movements during a single 
landing.12 SML comprises a single leg landing task 
in the frontal plane, which may be more similar to 
the sports specific task than a bilateral landing task 
or single leg landing task in the sagittal plane. As a 
result, there were significant correlations between 
hip strength and knee kinematics in both genders in 
this study. As multi-directional motion is required 
during sports activities, addressing deficits in hip 
strength may help to correct abnormal knee motion 
during weight-bearing activities and thus prevent 
non-contact ACL injuries in athletes of both genders.

This study has several limitations. The first limitation 
is that voluntary isometric contractions (VIC) were uti-
lized to assess hip strength using a HHD. This method 
was chosen because it has been widely used to mea-
sure hip strength,20,25-27 and is reported to be highly reli-
able.28,34 However, the types of hip muscle contractions 
vary greatly during SML and include both concentric 
and eccentric muscle contractions. In future studies, 
other muscle contraction patterns or types should 
be addressed to clarify the relationship between hip 
strength and knee kinematics. The second limita-
tion concerns the instrumentation used to assess hip 
strength in this study: specifically, a HHD without 
external fixation. Several other previous authors have 
used an isokinetic dynamometer to assess hip strength, 
and hip extension strength in females was significantly 
weaker than that in males.19,24 However, the results of 
the present study did not demonstrate a significant 
gender difference in hip extension strength. A recent 
study concluded that external fixation may eliminate 

subjects.21,24 To the best of the authors’ knowledge, 
the current study was the first to identify the rela-
tionship between hip strength and knee kinemat-
ics in males. The rationale why this result occurred 
may be based upon the gender differences for the 
mechanism of ACL injury. Compared with female 
athletes, male athletes demonstrated less knee flex-
ion angle at the moment of ACL injuries.15 Given 
that a smaller knee flexion angle has been identi-
fied as a risk factor for non-contact ACL injuries,8-11 
the results of this study suggest that even in males, 
HEXT strength may play an important role in ensur-
ing a safer landing technique.

However, the influence of hip strength on knee 
kinematics during SML differed according to gender, 
which contradicted second hypothesis. Gender dif-
ferences in the mechanism of non-contact ACL inju-
ries may also explain this result. Based on a video 
analysis, male subjects demonstrated a smaller knee 
flexion angle at the moment of ACL injury, whereas 
females exhibited a larger knee valgus angle upon 
ACL injury.15 Therefore, motions considered to 
increase the risk of non-contact ACL injuries may dif-
fer between the genders. Moreover, previous studies 
have revealed gender differences in the influence of 
hip muscles on lower extremity injuries. Leetun et 
al reported that female athletes who sustained ACL 
injuries during the athletic season exhibited weak 
hip abductor and external rotator strength during 
pre-season training.16 In contrast, no association 
has been observed between hip abductor strength 
and lower extremity injuries in male football play-
ers.33 These studies suggest that the influence of 
hip strength on knee injuries may differ accord-
ing to gender. The present study observed correla-
tions between knee valgus angle and hip strength in 
females and between knee flexion angle and HEXT 
in males. Therefore, gender-based differences in 
the influence of hip muscles on the mechanism of 
noncontact ACL injuries may have influenced knee 
kinematics during SML, suggesting that gender-spe-
cific exercise programs may be needed to correct 
abnormal knee motion during sports activities.

The relationship between hip strength and knee 
kinematics remains controversial.19-27 Some previous 
authors did not find significant correlations between 
hip strength and knee kinematics or adverse effects 
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cruciate ligament reconstruction. Am J Sports Med. 
2014;42(3):641-647.

  8. Ford KR, Myer GD, Toms HE, Hewett TE. Gender 
differences in the kinematics of unanticipated 
cutting in young athletes. Med Sci Sports Exerc. 
2005;37(1):124-129.

 9. McLean SG, Walker KB, van den Bogert AJ. Effect of 
gender on lower extremity kinematics during rapid 
direction changes: an integrated analysis of three 
sports movements. J Sci Med Sport. 2005;8(4):
411-422.

 10. McLean SG, Lipfert SW, Van Den Bogert AJ. Effect of 
Gender and Defensive Opponent on the 
Biomechanics of Sidestep Cutting. Med Sci Sports 
Exerc. 2004;36(6):1008-1016.

 11. Hewett TE, Myer GD, Ford KR, et al. Biomechanical 
measures of neuromuscular control and valgus 
loading of the knee predict anterior cruciate 
ligament injury risk in female athletes: a prospective 
study. Am J Sports Med. 2005;33(4):492-501.

 12. Olsen OE, Myklebust G, Engebretsen L, Bahr R. 
Injury mechanisms for anterior cruciate ligament 
injuries in team handball: a systematic video 
analysis. Am J Sports Med. 2004;32(4):1002-1012.

 13. Koga H, Nakamae A, Shima Y, et al. Mechanisms for 
noncontact anterior cruciate ligament injuries: knee 
joint kinematics in 10 injury situations from female 
team handball and basketball. Am J Sports Med. 
2010;38(11):2218-2225.

 14. Hewett TE, Torg JS, Boden BP. Video analysis of 
trunk and knee motion during non-contact anterior 
cruciate ligament injury in female athletes: lateral 
trunk and knee abduction motion are combined 
components of the injury mechanism. Br J Sports 
Med. 2009;43(6):417-422.

 15. Krosshaug T, Nakamae A, Boden BP, et al. 
Mechanisms of anterior cruciate ligament injury in 
basketball: video analysis of 39 cases. Am J Sports 
Med. 2007;35(3):359-367.

 16. Leetun DT, Ireland ML, Willson JD, Ballantyne BT, 
Davis IM. Core Stability Measures as Risk Factors for 
Lower Extremity Injury in Athletes. Med Sci Sports 
Exerc. 2004;36(6):926-934.

 17. Heinert BL, Kernozek TW, Greany JF, Fater DC. Hip 
abductor weakness and lower extremity kinematics 
during running. J Sport Rehab. 2008;17(3):243-256.

 18. Stearns KM, Powers CM. Improvements in hip 
muscle performance result in increased use of the 
hip extensors and abductors during a landing task. 
Am J Sports Med. 2014;42(3):602-609.

 19. Claiborne TL, Armstrong CW, Gandhi V, Pincivero 
DM. Relationship between hip and knee strength 
and knee valgus during a single leg squat. J Appl 
Biomech. 2006;22(1):41-50.

the influence of tester strength;35 therefore, measuring 
hip strength using a HHD with an external fixation or 
an isokinetic dynamometer may facilitate more accu-
rate hip strength assessments.

CONCLUSION
The results of the present study indicate that female 
collegiate basketball players with greater hip exten-
sion, abduction, and external rotation strength de-
monstrated less knee valgus angles during SML. 
Furthermore, male basketball players with greater 
hip extension strength demonstrated increased knee 
flexion angles during SML. Therefore, an increase in 
hip strength may play an important role in reduc-
ing abnormal knee motion in both female and male 
collegiate basketball players during weight-bearing 
activities in the frontal plane, which may help cor-
rect abnormal knee motion during sports activities. 
However, the influence of hip strength on knee 
kinematics differed according to gender. Therefore, 
gender-specific consideration may be needed for the 
non-contact ACL injury programs.
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ABSTRACT
Background: Restoration of symmetrical strength, balance, and power following anterior cruciate ligament reconstruction (ACL-R) are 
thought to be important factors for successful return to sports. Little information is available regarding early rehabilitation outcomes and 
achieving suggested limb indices of 90% on functional performance measures at the time of return to sports (RTS).

Hypothesis/Purpose: To examine the relationship between symmetry of the anterior reach of the Y Balance Test™ at 12 weeks and func-
tional performance measures at time of return to sports after anterior cruciate ligament (ACL) reconstruction.

Study Design: Retrospective Cohort

Methods: Forty subjects (mean ±SD age, 17.2±3.8 years) who were in the process of rehabilitation following ACL reconstruction. Each 
subject volunteered and was enrolled in the study during physical therapy following ACL-R. Participants averaged two visits per week in 
physical therapy until the time of testing for RTS. The Y Balance Test™ was assessed at 12 weeks. Participants completed a battery of tests 
at RTS (6.4±1.1 months) including triple hop distance (THD), single hop distance (SHD), isometric knee extension strength (KE), and the 
Vail Sport Test™. Side to side difference was calculated for the Y Balance Test™ anterior reach and limb symmetry indices (LSI) were com-
puted for THD, SHD, and KE. Multiple regression models were used to study the relationship between variables at 12 weeks and RTS while 
controlling for age, gender, type of graft, and pain score. In addition, subjects were dichotomized based on a side-to-side Y Balance anterior 
reach difference into high risk (>4 cm) or low risk (≤4 cm) categories. A receiver operating characteristic (ROC) curve was used to identify 
individuals at 12 weeks who do not achieve 90% limb symmetry indices at time of RTS testing. .

Results: A statistically significant association was seen between Y Balance ANT at 12 weeks and SHD at RTS (β= -1.46, p = 0.0005, R2 = 
0.395), THD at RTS (β = -1.08, p = 0.0011, R2 = 0.354) and KE at RTS (β = -1.00, p = 0.0025, R2 = 0.279) after adjusting for age, gender, 
type of graft and pain score at week 12. There was no significant association between Y Balance ANT at 12 weeks and Vail Sport Test at 
RTS (p = 0.273). ROC curves indicated that the Y Balance ANT at 12 weeks identified participants who did not achieve 90% LSI for the 
SHD (AUC = 0.82 p= 0.02) and THD (AUC=0.85, p=0.01) at RTS with a sensitivity of 0.96 (SHD) and 0.92 (THD) respectively. 

Conclusions: Participants following ACL-R who demonstrated >4 cm Y Balance ANT deficits at 12 weeks on their involved limb did not 
tend to achieve 90% LSI for the SHD and THD at time of return to sports. The Y Balance ANT at 12 weeks and Vail Sport Test™ appear to 
measure different constructs following ACL-R.

Levels of Evidence: Level 3

Keywords: Anterior cruciate ligament, Single Leg Squat, return to sport
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INTRODUCTION
Criteria for return to sport following anterior cru-
ciate ligament reconstruction (ACL-R) has been 
extensively studied.1-11 Selected benchmarks include 
patient reported outcome forms,6,7,12,13 hop tests,11,13-15

 knee joint laxity,15,16 quality of movement at the 
knee and hip,17 strength5,6,8,14 and functional per-
formance tests.9,13 While each of these may play a 
role in a patient’s ability to return to sport follow-
ing ACL reconstruction, emphasis is often placed 
on restoration of strength and power of the involved 
limb.5-7,10,11,14,18-20 A recent study following ACL recon-
struction suggests decreased quadriceps strength 
(> 15% deficits on the involved limb) is associated 
with lower distances on hop tests.14 These results sug-
gest that strength deficits of the involved limb follow-
ing ACL reconstruction may be important to consider 
in the determination of readiness for return to sport. 

Previous authors9,21 have examined limb asym-
metries following ACL-R and have highlighted the 
importance of consideration of this factor. Myer et 
al9 used modified NFL Combine testing procedures 
in 18 patients who had undergone ACL reconstruc-
tion within one year of testing and compared them 
to healthy age, gender, and sport-matched controls. 
Although no differences were detected between 
the healthy and ACL-R groups in skills using both 
limbs, single limb tasks identified those in the ACL-R 
group as having deficits on the reconstructed side in 
comparison to the healthy controls. These deficits 
could not only impair an athlete’s ability to return to 
sport, but could also predispose him/her to a second 
injury to the ACL. Paterno et al21 found that ACL-R 
participants with single limb deficits in postural sta-
bility who had returned to sports were two times 
more likely to sustain a second ACL injury. Further-
more, those who went on to suffer a second injury 
also demonstrated sagittal plane knee asymmetries 
during drop-jump landing. Based upon these results, 
it appears that the variables of single limb perfor-
mance and limb asymmetries need to be measured 
in the post-operative rehabilitation process.

One means of quantifying single limb performance 
and asymmetries is through the use of a single leg 
squat. This single limb movement has been stud-
ied for muscle activation,22 lower limb alignment,23 
and strength.24 Individuals who are able to perform 

a “good” single leg squat display earlier activation 
and strength of the gluteus medius than those who 
perform poorly.22 Similarly, those who can single leg 
squat with less valgus and internal rotation at the 
knee exhibit greater hip external rotation strength 
to counteract the internal rotation and valgus 
moment.23 The ability to avoid valgus and internal 
rotation at the knee during movements are thought 
to be important as a means of minimizing stress 
across the ACL21,25,26 and exercises that address these 
deficits may be prescribed in the rehabilitation pro-
cess following ACL-R.2-4,14 The ability to perform a 
single leg squat with good neuromuscular control22 
could help the clinician identify movement patterns 
such as proper knee, hip and trunk alignment that 
indicate readiness for progression in rehabilitation 
following ACL-R.

The anterior reach direction (ANT) of the Y Bal-
ance Test™ is similar to a single leg squat in that it 
requires knee and hip flexion,27,28 ankle dorsiflex-
ion,29 strength,30,31 neuromuscular control,32 and bal-
ance.32,33 The muscle activity of ANT31 is comparable 
to that of the single leg squat at the gluteus medius34,35 
and the vastus medialis.34 Because the ANT requires 
significant quadriceps muscle activation, the abil-
ity to perform the movement correctly has been 
suggested as an indicator of readiness for exercise 
progression following ACL reconstruction.30 Like-
wise, performance on the ANT in the early stages 
of rehabilitation following ACL-R may be indicative 
of a patient’s readiness to progress functionally30,31 
and may be used as an evaluative tool for future suc-
cess involving single leg activities. At this time there 
is limited information on early post-operative ACL 
landmarks as a predictor of performance at time of 
return to sport (RTS). Therefore, the purpose of this 
study was to examine the relationship between single 
leg squat symmetry as measured by the Y Balance 
Test™ ANT at 12 weeks and functional measures at 
time of return to sport after ACL-R.

METHODS

Participants 
Forty participants (20 males, 20 females) with an 
average age of 17.2±3.8 years volunteered for this 
study. Each participant was enrolled during the 
initial week of physical therapy following ACL 
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 reconstruction with an average starting date of five 
days post-operatively. Demographics for the par-
ticipants are listed in Table 1. All participants fol-
lowed a standardized protocol36 that included range 
of motion, patellar and fat pad mobility, quadriceps 
and hamstrings strengthening, neuromuscular con-
trol training, and hip strengthening exercises and 
averaged two times per week in physical therapy 
until the time of testing for RTS which was targeted 
by the surgeon for approximately six months after 
ACL-R. Because of the clinical nature of the study, 
supervision of the rehabilitation process was pro-
vided by the treating physical therapist and in con-
junction with the principle investigator.

Inclusion criteria for participation in the study were 
1) an isolated ACL reconstruction, 2) between the 
ages of 14 and 25, and 3) physically or recreationally 
active a minimum of three times per week in sports 
that involved cutting, planting, pivoting, jumping, 
and landing. The participants were excluded from 
the study if there was 1) a previous ACL tear and/or 
reconstruction on either side, 2) other ligamentous 
injuries to the knee, 3) an associated chondral defect 
requiring surgical intervention, or 4) a meniscus tear 

requiring a repair. Participants volunteered and were 
consented into the study by an investigator in the 
outpatient sports physical therapy facility once they 
were confirmed to meet the inclusion and exclusion 
criteria. Child assent and parental permission were 
obtained for those participants who were minors 
at the time of the study. Once consented into the 
study, objective measurements were taken on the 
participant’s knee and patient outcome forms were 
completed. The Institutional Review Board of Texas 
Health Resources approved the research procedures.

Testing Procedures
The Y Balance Test anterior reach (ANT) was assessed 
at twelve weeks (12.0±0.5 weeks) following ACL 
reconstruction (Figure 1). Participants were instructed 
to perform the ANT using a combination of verbal 
cues and demonstration.37 All participants wore shoes 
during testing and began on their uninvolved limb. 
The participants were asked to perform single limb 
stance on the extremity while reaching outside their 

Table 1. Participant demographics following 
anterior cruciate ligament reconstruction.

Number (%) 

Age (years) 17.2±3.8*

Gender
Male
Female

20 (50%) 
20 (50%) 

Involved Limb 
Right
Left

22 (54%) 
18 (46%) 

Mechanism of Injury 
Non-contact
Contact
Indirect contact 

30 (74%) 
4 (10%) 
6 (15%) 

Type of Graft 
Patellar Tendon 
Hamstring 
Allograft

36 (90%) 
2 (5%) 
2 (5%) 

*= reported as mean±standard deviation 
Figure 1. The Y Balance Anterior Reach test (ANT).



The International Journal of Sports Physical Therapy | Volume 10, Number 5 | October 2015 | Page 605

base of support to push a reach indicator box along 
the measurement pipe of the Y Balance Test Kit™ (Per-
form Better, West Warwick, RI). Elevation of the heel, 
toe or loss of balance resulting in a stepping strategy 
was recorded as a trial error indicating the trial should 
then be repeated.37 Participants were allowed at least 
three practice trials in the ANT direction prior to 
recording the best of three formal trials. Three trials 
were completed on the uninvolved limb in the ANT 
direction followed by three trials completed on the 
involved limb and the maximal reach distance was 
recorded at the place where the most distal part of the 
foot reached based on the measurement pipe.37 Side 
to side reach differences were calculated by subtract-
ing reach distance of the involved limb from the unin-
volved limb. All balance measurements were taken by 
two physical therapists and one athletic trainer who 
were trained and demonstrated acceptable reliability 
for ANT (ICC2,k = .86, SEM = 3.3 cm).

Participants completed a battery of tests at RTS 
(6.4±1.1 months) including triple hop distance 
(THD), single hop distance (SHD), isometric knee 
extension strength (KE), and the Vail Sport Test™. 
The hop tests for distance were performed accord-
ing to protocols previously reported in the litera-
ture.10,11 For the SHD, the participant stood on the 
limb to be tested with toes placed behind a straight 
line marked with tape and were instructed to hop 
forward as far as they were able while landing on 
the same limb and maintaining balance for a mini-
mum of two seconds. The distance hopped was mea-
sured from the front of the marked line to the most 
posterior portion of the landing foot. THD involved 
the participant standing on the limb to be tested 
with toes placed behind the marked line and hop-
ping three consecutive times as far as possible as 
the total distance was measured.11 As with the SHD, 
the participant was instructed to land on the limb 
on which they began and maintain balance for two 
seconds. For each of the two hop tests, participants 
were not restricted on arm movement during the 
hopping and were given two practice trials prior to 
performing three measured trials. The best of the 
three measured trials was collected for data analy-
sis and a Limb Symmetry Index (LSI = [Involved 
Limb/Uninvolved Limb] ×100%) was calculated for 
distances hopped for both SHD and THD.14

Each participant was given a rest time between hop 
tests (THD and SHD) for up to two minutes and 
between individual hop test trials for up to 30 sec-
onds,11 although this was not usually required. An 
error was considered if the participants were unable 
to maintain their balance upon landing, required 
touchdown of the opposite limb or upper extremity, 
or if an additional hop was required following the 
final landing.11

Knee extension strength (KE) was measured isomet-
rically with the participant in a seated position with 
both knees flexed and legs hanging from the end of 
the table. Participants were instructed to place their 
arms across their chest to minimize compensation 
from the upper extremity during testing. A hand-held 
dynamometer (HHD) (microFET2, Hoggan Health 
Industries, West Jordan, UT) was placed slightly 
superior to the malleoli of the testing limb as the 
knee was in approximately 90 degrees of flexion.38 
The participant was asked to extend the limb being 
tested while pushing into the HHD, gradually pro-
gressing from minimal to maximal effort over one to 
two seconds in duration. Maximum force produced 
by the participant during the three to five second 
effort was then recorded in pounds and converted to 
Newtons.38 The principle investigator tested KE and 
met the resistance of each limb as the participant 
gradually attempted to extend the knee in an iso-
metric fashion with increasing effort. Each limb was 
tested three times with a 25 to 30 second rest inter-
val and the average of the three trials was used for 
analysis. Both the involved and un-involved limbs 
were tested and LSI was calculated [(involved limb 
force/un-involved limb force) ×100%]. To improve 
reliability and minimize error, the same person per-
formed each of the KE muscle testing procedures 
throughout the study. Intra-rater reliability for KE 
testing was performed prior to the study and found 
to be acceptable (ICC3,1 =0.97; SEM = 1.34). 

The participants also performed the Vail Sport Test™ 
at the time of RTS. The Vail Sport Test™ is a reli-
able return to sports assessment that incorporates 
a series of dynamic multiplanar functional activi-
ties against the resistance of a sportcord® in patients 
attempting to return to sport or activity following 
ACL-R.17 There are a total of four components of the 
test that include a single-leg squat for 3 minutes, lat-
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eral bounding for 90 seconds, forward jogging, and 
backward jogging for 2 minutes each. The partici-
pant is graded based upon the ability to demonstrate 
strength and muscular endurance, absorb and pro-
duce force, all while maintaining appropriate move-
ment quality at the trunk and lower extremity with 
the potential maximum score of 54 points. The pro-
tocol for the Vail Sport Test™ has previously been 
described in the literature and was followed within 
this study.17

Data Analysis
The primary goal was to evaluate the strength and 
functional form of the relationship between ANT at 
week 12 and SHD, THD, KE and Vail Sport Test™ 
at time of return to sport. Multiple regression mod-
els were used to study the relationship between the 
outcome variables Single Hop Distance (SHD), Tri-
ple Hop Distance (THD), Knee Extension Strength 
(KE), and Vail Sport Test™ and the primary predictor 
variable Y-Balance Anterior at week 12. Age, gender, 
type of graft and pain score (VAS) at week 12 were 
included as covariates in the regression model. Side 
to side difference was calculated for the ANT and 
limb symmetry indices (LSI) were computed for 
SHD, THD and KE. Participants were dichotomized 
based on side to side ANT difference into high risk 
(> 4 cm) or low risk (≤ 4 cm) categories based upon 
a previous criterion of greater than 4 cm anterior 
reach difference as a risk factor for lower extrem-
ity injury.33 Receiver operating characteristic (ROC) 
curves were used to identify individuals at 12 weeks 
who did not achieve 90% LSI in SHD, THD, and KE 
at time of RTS testing. These three measures were 
part of a larger battery of tests used clinically to 
determine if a participant was ready for clearance for 
return to sport. For the secondary measure, a Fish-
er’s exact test (since cell sizes were small, chi-square 
test was not appropriate) was conducted to evaluate 
the percent agreement between 4 cm asymmetry on 
ANT at week 12 and the achievement of 90% LSI in 
RTS measures.

RESULTS
Univariate analysis using multiple regression model 
showed a statistically significant linear association 
between Y Balance ANT at 12 weeks and SHD at RTS 

(β = -1.46, p = 0.0005, R2 = 0.395), THD at RTS (β= 
-1.08, p = 0.0011, R2 = 0.354) and KE at RTS (β = 
-1.00, p = 0.0025, R2 = 0.279) after adjusting for age, 
gender, type of graft and pain score at week 12. The 
parameter estimate (β) indicates that when Y Bal-
ance ANT at 12 weeks increases by one unit, SHD 
decreases by 1.46 cm. Similarly, one unit increase 
in Y Balance ANT at 12 weeks produces a 1.08 cm 
and 1 pound decrease in THD and KE respectively. 
There was no significant association between Y Bal-
ance ANT at 12 weeks and Vail Sport Test at RTS (p 
= 0.273). ROC curves indicated that the Y Balance 
ANT at 12 weeks identified participants who did not 
achieve 90% LSI for the SHD (Figure 2) (AUC 0.82, p 
= 0.02) and THD (Figure 3) (AUC = 0.85, p = 0.01) at 
RTS with a sensitivity of 0.96 (SHD) and 0.92 (THD) 
respectively. The Fisher’s exact test did not find any 
difference in proportion between 4 cm asymmetry 
on ANT at week 12 and the achievement of 90% LSI 
in RTS measures for SHD (p = 0.0779) and KE (p 
= 0.7431). For the THD a significant difference (p= 
0.0439) was observed. The primary analysis indicates 
that Y Balance ANT at 12 weeks is a significant pre-
dictor for SHD, THD and KE. The secondary analysis 
revealed that there was no significant difference in 
proportion between low risk (≤ 4 cm) and high risk 
(> 4 cm) group in the  achievement of 90% LSI at 

Figure 2. Receiver-operator characteristic curve, indicating 
that the Y Balance ANT at 12 weeks post op identifi ed par-
ticipants who did not reach 90% limb symmetry in the SHD 
at RTS.
SHD= single hop for distance; RTS= return to sport
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RTS.

DISCUSSION
The purpose of this study was to examine the rela-
tionship between single leg squat symmetry at 12 
weeks and functional performance measures at time 
of return to sport after ACL-R. Participants following 
ACL-R who demonstrated > 4 cm Y Balance™ ANT 
deficits at 12 weeks on their involved limb did not 
tend to achieve 90% LSI for the SHD, THD and KE at 
time of return to sports. The Y Balance™ ANT is simi-
lar to a single leg squat in that it requires a unilateral 
squatting movement and elicits high EMG activity 
in the quadriceps and gluteal muscles.22,30,31 Deficits 
in quadriceps strength after ACL-R have been dem-
onstrated at 12 weeks post-operatively39 and again 
at six months post-operatively40 suggesting that 
this is a common issue and is not easily resolved. 
Although the current study did not include quadri-
ceps strength measurements at 12 weeks following 
ACL-R, it is plausible that those who had smaller 
(< 4 cm) side to side reach differences in the ANT 
exhibited better functional strength than those who 
had greater (≥ 4 cm) differences. Likewise, Y Bal-
ance™ ANT at 12 weeks was related to KE at time 
of return to sports. Performance on the Y Balance™ 
ANT appears to be related to knee extension muscle 

performance and may have some predictive value 
for treatment progression following ACL-R. 

Clagg and colleagues41 found that Y Balance™ ANT 
deficits are also present at time of return to sports fol-
lowing ACL-R. When participants who were returning 
to sport following primary ACL-R (6.7 mos post-op) 
were compared to uninjured controls, the ACL-R 
group produced lower modified Star Excursion Bal-
ance Test (SEBT) scores in the anterior direction on 
both the involved and uninvolved limbs compared to 
the uninjured group. These deficits were seen on not 
only the reconstructed limb, but also on the unin-
volved limb when compared to the control group. 
While the current study did not include healthy con-
trols, the differences on ANT reach in the Clagg et al41 
study (5.1 cm involved – ACL-R versus nonpreferred 
– uninjured; 4.1 cm uninvolved – ACL-R versus pre-
ferred – uninjured) were similar to the findings of the 
current study (4.1 cm side to side difference – ACL-
R). These results suggest that ANT reach differences 
following ACL-R are present across the duration of 
the rehabilitation process and may be an important 
factor for clinicians to consider.

The current results suggest that early functional mea-
sures of quadriceps performance (12 weeks) may be 
useful in defining future performance at time of return 
to sport. This is in agreement with previous authors 
who have shown a concurrent relationship between 
performance on hop tests at time of return to sports 
with isokinetic quadriceps strength. When males who 
had undergone ACL-R were compared to healthy 
controls at six to nine months post-operatively, they 
demonstrated lower quadriceps strength and hop dis-
tances.20 Similarly, Schmitt et al14 found that quadri-
ceps femoris strength predicted overall performance 
on hop tests in ACL-R patients who had been cleared 
for return to sports. Those patients who demonstrated 
higher quadriceps femoris strength subsequently per-
formed better on both the single and triple hops for 
distance at time of RTS. While the current study is dif-
ferent in the fact that ANT performance at 12 weeks 
was used to predict future performance on functional 
measures at time of RTS, the results are comparable 
to the Schmitt et al14 study in that participants who 
demonstrated ANT performance similar to the unin-
volved side also performed better on the single and 
triple hops for distance at time of return to sport. 

Figure 3. Receiver-operator characteristic curve, indicating 
that the Y Balance ANT at 12 weeks post op identifi ed par-
ticipants who did not reach 90% limb symmetry in the THD 
at RTS. 
THD= triple hop for distance; RTS= return to sport
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The Y Balance™ ANT differences at 12 weeks were 
not related to the Vail Sport Test™ at time of return 
to sports. The Vail Sport Test™ is a functional test 
that evaluates muscle strength, endurance, power, 
and movement quality following ACL-R.17 It has 
been shown to have good reliability in a post-oper-
ative ACL population who are attempting to return 
to sports. Although the Y Balance™ ANT measures 
lower extremity strength, neuromuscular control, 
flexibility, and balance,33,37 the results of the current 
study suggest that it measures different constructs 
than the Vail Sport Test™. The movement of a single 
leg squat performed during the Y Balance™ ANT is 
confined to the sagittal plane while the Vail Sport 
Test™ measures a patient’s ability to control the 
lower extremity in the sagittal and frontal planes of 
motion.17 Additionally, the Vail Sport Test™ accounts 
for quality of movement during dynamic jumping 
and landing movements while also having to over-
come the effects of fatigue. Thus, the Y Balance™ 
ANT at 12 weeks and Vail Sport Test™ appear to 
measure different constructs following ACL-R. Clini-
cally, it would seem that perhaps both tasks may be 
important to consider during the rehabilitation pro-
cess in order to cast a wider net for potential deficits 
that may be occurring.

The Y Balance™ ANT at 12 weeks identified those 
participants who did not achieve 90% LSI on func-
tional performance measures at time of return to 
sports with good sensitivity on the SHD (0.96) and 
THD (0.92). The cut-off score indicating prediction 
for sub-optimal performance at time of return to 
sport (six months) was a side-to-side difference of 
≥4 cm in the ANT. These numbers are similar to pre-
vious data that shows a > 4 cm side to side reach 
difference in the anterior direction of the Y Balance 
Test™ predisposes uninjured basketball players to 
a 2.5 times greater risk of lower extremity injury.33 
Additionally, Plisky et al33 suggested that a finding of 
limb imbalance could potentially lead to increased 
risk of lower extremity injury secondary to com-
pensatory strategies through either the more or less 
adept limb. While the current study is not neces-
sarily investigating injury risk, it is attempting to 
provide a clinical guideline that assesses a patient’s 
progression in rehabilitation and future potential for 
performance for return to sport following ACL-R. 

From the clinical perspective, the results of the cur-
rent study propose that early activation of quadriceps 
and gluteal strength and neuromuscular control, 
indicated by single limb squatting performance, may 
be indicative of improved limb symmetry at time of 
return to sport. Athletes following ACL-R who dis-
play early deficits in quadriceps performance may 
require a different treatment plan and/or a greater 
length of time to return to sport compared to those 
whose functional quadriceps performance returns. 
Given the demonstrated Y Balance™ ANT deficits 
with lower extremity injury33 and subsequent ACL 
injury risk of athletes following ACL-R,21,42,43 a find-
ing of side to side difference in single leg squat per-
formance as measured by the Y Balance Test™ ANT 
may need to be closely monitored and resolved dur-
ing rehabilitation and before return to sport. Thus, 
patients that demonstrate early quadriceps deficits 
may need more focused or extra quadriceps exer-
cises, neuromuscular electrical stimulation, or bio-
feedback to improve knee extension performance.

Limitations
One of the limitations of the current study is the fact 
pain could have limited participant function during 
the single leg squat portion at 12 weeks. Eighty-two 
percent of the participants in this study had a patel-
lar tendon autograft which has been shown to have 
a higher percentage of patient complaints of irrita-
tion and tenderness at the graft site than those with 
a hamstring graft following ACL-R.42 However, pain 
levels (VAS = 0.88±1.2) were monitored during test-
ing and none of the participants’ performance on 
ANT was limited secondary to pain.

Although it appears that the participants who had 
less than 4 cm side to side differences on the ANT 
at 12 weeks demonstrated good quadriceps strength, 
this study is unable to objectify this belief because 
isometric quadriceps strength was not tested at this 
point in time. While standing on a single leg and 
squatting to reach with the opposite limb has been 
shown to elicit high EMG activity in the quadriceps 
femoris,30,31 the participants’ quadriceps strength in 
the current study was not quantified. Similarly, the 
role of gluteal and core strength during ANT at 12 
weeks was not measured. To counteract this effect, 
each participant completed the same rehabilitation 



The International Journal of Sports Physical Therapy | Volume 10, Number 5 | October 2015 | Page 609

protocol, which included specific hip strengthen-
ing exercises that had previously been shown to 
stimulate gluteal muscle activation high enough to 
produce a stimulus for strength.31,44-47 Likewise, a 
recent study demonstrated smaller side to side dif-
ferences in the Y Balance Anterior reach in a group 
of patients who had undergone a hip strengthening 
program in the first three months following anterior 
cruciate ligament reconstruction.36 

At time of return to sports, KE was tested using a 
HHD which has been shown to have poor reliability 
if not using a fixed and immovable surface.48 While 
certainly a limitation, the use of a HHD was imple-
mented secondary to the clinical environment in 
which these participants were studied. A single tes-
ter was used for measurements of KE and the intra-
rater reliability was acceptable. In addition, rather 
than using the raw force data collected from the 
average of the three KE trials, a LSI was calculated 
to normalize to the un-involved or uninjured limb. 
None of the limbs used for comparison had any pre-
vious injury to the ACL. 

CONCLUSION
Deficits in Y Balance Test™ anterior reach at 12 weeks 
following ACL-R appear to identify those partici-
pants who may not achieve suggested thresholds on 
hop measures at the time of return to sports. These 
patients may benefit from a modified rehabilitation 
approach as they present with a knee profile that 
may be at increased risk for re-injury and unsuccess-
ful return to sports. These findings are limited to a 
group of young and recreationally-active patients 
undergoing rehabilitation following ACL-R and may 
not apply to other types of patient populations. 
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ABSTRACT
Background: Failure to meet minimum performance standards is a leading cause of attrition from basic combat train-
ing. A standardized assessment such as the Functional Movement Screen™ (FMSTM) could help identify movement 
behaviors relevant to physical performance in tactical occupations. Previous work has demonstrated only marginal 
association between FMSTM tests and performance outcomes, but adding a load challenge to this movement assess-
ment may help highlight performance-limiting behaviors. 

Purpose: The purposes of this investigation were to quantify the effect of load on FMSTM tests and determine the 
extent to which performance outcomes could be predicted using scores from both loaded and unloaded FMSTM 
conditions. 

Study Design: Crossover Trial. 

Methods: Thirteen female and six male recreationally active college students (21 ± 1.37 years, 168 ± 9.8 cm, 66 ± 
12.25 kg) completed the FMSTM under (1) a control condition (FMSTM

C ), and (2) an 18.10kg weight vest condition 
(FMSTM

W). Balance was assessed using a force plate in double-legged stance and tactical physical performance was 
evaluated via completion times in a battery of field tests. For each condition, penalized regression was used to select 
models from the seven FMSTM component tests to predict balance and performance outcomes. Data were collected 
during a single session lasting approximately three hours per participant. Results: For balance, significant predictors 
were identified from both conditions but primarily predicted poorer balance with increasing FMSTM scores. For tacti-
cal performance, models were retained almost exclusively from FMSTM

W and generally predicted better performance 
with higher item scores. 

Conclusions: The current results suggest that FMSTM screening with an external load could help predict performance 
relevant to tactical occupations. Sports medicine and fitness professionals interested in performance outcomes may 
consider assessing movement behaviors under a load.

Level of Evidence: 3

Keywords: Balance, movement quality, soldier athlete, talent identification
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INTRODUCTION
The Functional Movement Screen™ (FMSTM) is a 
biomechanical assessment tool designed to identify 
movement limitations, as well as risk of injury, in 
clinical and field settings 1,2 A standardized test bat-
tery is applied to rate movement competency which 
may be related to deficits in these patterned func-
tional movements. While it appears that the FMSTM 
is suitable for the purpose of predicting injury,3 
experimental findings thus far suggest that physi-
cal performance and movement competency as 
assessed by the FMSTM are at best weakly associated 
in most populations.4-6 The screen has gained con-
siderable popularity in competitive and recreational 
athletics,7,8 as well as among tactical athletes such 
as military3,9,10 and public safety professionals.6,11 In 
addition to identifying individuals who may be at 
increased risk of injury, the FMSTM is also used as 
an indicator of performance and a means of guid-
ing training interventions.10 These latter applica-
tions are likely to become increasingly important 
in the coming years, particularly for the military, as 
substandard physical performance continues to be 
a risk factor for attrition in a quickly deteriorating 
recruitment environment.12,13

The modest findings with respect to FMSTM scores 
predicting physical performance likely stem from 
several factors. First, independently conducted fac-
tor analyses have concluded that it may be necessary 
to refine the way FMSTM scoring data is analyzed14,15 
Results from studies which have analyzed the 
composite score may not be valid as the underly-
ing construct is not unidimensional.14,15 Secondly, 
and more importantly, the FMSTM may not be suf-
ficiently challenging to capture biomechanical dif-
ferences which influence performance in physically 
rigorous activities. This is perhaps to be expected 
given that the screen was primarily intended to pre-
dict injury.1,2 Recently, investigators have suggested 
that movement quality assessments might be more 
valid indicators of physical performance potential 
if they incorporated higher loads.16 Under condi-
tions of higher load, movement assessments could 
better approximate the levels of strength, balance, 
coordination, and range of motion characteristic of 
high-demand athletic activity. While the addition 
of a load may conflict with the generalist approach 
promoted by the FMSTM, the authors of the cur-

rent study emphasize that it should not be taken 
as such. The results of the assessment may still be 
interpreted to evaluate primitive and foundational 
movement behaviors as the authors suggest.1,2,17 Fur-
ther, these behaviors may be considered a reflection 
of biomechanical function, a general construct in 
which human performance and injury resilience are 
grounded. The utility of modifications such as apply-
ing an external load lie in their potential to highlight 
more clearly those deficiencies which could impact 
performance but are at the same time too subtle to 
be detected by a clinical instrument. Tactical occu-
pations often require individuals to generate high 
forces, generate high forces quickly, cover distance 
quickly, and may involve manual material handling 
or load carriage. Use of external loading could help 
movement quality assessments such as the FMSTM 
to better approximate the physical demands of these 
occupations.

Therefore, the objectives for this investigation were 
1) to quantify the effect of standardized loading on 
FMSTM scores in a recreationally active, young adult 
population, and 2) to determine the extent to which 
physical performance outcomes can be predicted 
by FMSTM scores obtained separately under a con-
ventional condition and a weighted-vest condition. 
Outcomes included timed performance tests evalu-
ating a range of physical performance attributes 
which have been implemented in previous inves-
tigations on tactical athletic performance.18,19 The 
protocol also included force plate measures of stand-
ing balance. Balance has been shown to contribute 
to athletic performance20 and is therefore included 
as an outcome in support of the second purpose of 
the study. In addition to its performance implica-
tions, balance data can be analyzed from a dynami-
cal systems perspective and thereby provide insight 
into behavioral complexity.21 Complexity outcomes 
should converge with FMSTM scores as separate indi-
cators of biomechanical function. Additional analy-
ses to test this theory were therefore included as an 
exploratory purpose of this investigation.

The following hypotheses were tested: 1) Item scores 
from the FMSTM administered with a weighted-vest 
(FMSTM

W) would be lower than those from the con-
ventionally administered FMSTM (FMSTM

C). 2) Items 
from the FMSTM

W condition would show greater pre-
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dictive value than those from the FMSTM
C condition 

with respect to timed physical performance tests. 
3) Items from the FMSTM

W condition would show 
greater predictive value than those from the FMSTM

C 
condition with respect to standing balance. 

METHODS
This study used a randomized crossover trial to 
investigate 1) within-subject differences in FMSTM 
item scores related to external loading, and 2) the 
predictive validity of FMSTM item scores from both 
conditions in predicting balance and tactical perfor-
mance outcomes in a sample of recreationally active 
young adults. The project was approved by the Insti-
tutional Review Board at The University of North 
Carolina Greensboro and all data were collected by a 
single investigator in a controlled laboratory setting. 
A total of 19 subjects (13 females, 6 males; 21 ± 1.37 
years, 168 ± 9.8 cm, 66 ± 12.25 kg) was recruited 
from the undergraduate population to participate 
in this investigation. All subjects were adults 18-34 
years of age in order to simulate the range of ages 
for target recruitment populations in tactical occu-
pations. Additionally, considering the physically 
intense nature of the protocol, participation was 
limited to subjects who indicated a minimum of 90 
minutes/week of physical activity. All subjects com-
pleted a physical activity readiness questionnaire 
(PAR-Q) and signed informed, written consent prior 
to participation. 

Procedures
All measurements were completed in one data col-
lection session lasting approximately three hours. In 
order to prevent fatigue from influencing the more 
sensitive measures, balance and FMSTM testing were 
administered prior to the performance battery. Sub-
jects were familiarized with all measures prior to 
data collection.

Balance testing was administered using a portable 
AMTI Accusway force plate and Balance Clinic soft-
ware (AMTI Inc., Watertown, MA). Subjects stood 
barefoot for three 30-second trials of quiet, double-
leg standing with eyes closed and hands on hips. 
Only the first of these three trials was analyzed in 
this study. Center of pressure (COP) coordinates 
were calculated from the raw force data sampled at 
100Hz. Further analysis of COP time series was then 

conducted using custom programs written in Lab-
VIEW 2012 (National Instruments, Austin, TX) using 
the entire 30-seconds of data for each participant. 

In order to characterize different aspects of standing 
balance control, this investigation used both linear 
and nonlinear summary metrics. Mean COP veloc-
ity (COPV) was calculated in the antero-posterior 
(AP), medio-lateral (ML), and resultant directions. 
Sample entropy (SampEn) was then calculated on 
the COPV time series for each of these directions. 
SampEn is a nonlinear metric which is frequently 
applied as an indicator of complexity in biome-
chanical data. Constraints impinging on the bal-
ance system, such as sensory deficits or mechanical 
restrictions related to injury, are thought to limit the 
complexity of postural control behaviors. In addition 
to providing evidence of these constraints in clini-
cal populations such as mTBI22 and chronic ankle 
instability,23 entropy measures have been shown to 
correlate with athletic skill.21 The SampEn algorithm 
compares short template sequences of data points 
with subsequent vectors in the same time series in 
search of matches. Before doing so, two input param-
eters must be specified—an embedding dimension 
(m) and a radius (r). Respectively, m and r relate to 
the length of the template sequence to be matched 
and the error tolerance within which a match is 
counted. Previously published guidelines were used 
to optimize m and r with respect to the present data-
set.24 (Here, m = 2 and r = .07.) SampEn, then, is 
inversely related to the logarithm of the probability 
that a vector match identified at template length (m) 
will remain a match when length is incremented to 
(m + 1), not including cases in which the template 
is compared to itself.25

Following balance testing, subjects were assessed 
using The Functional Movement Screen™. The 
FMSTM consists of seven movement tests, each of 
which is scored from 0-3. In order, the movement 
tests are Deep Squat (DS), Hurdle Step (HS), Inline 
Lunge (ILL), Shoulder Mobility (SM), Active Straight 
Leg Raise (ASLR), Trunk Stability Push Up (TSPU), 
and Quadruped Rotary Stability (RS). Scores are 
assigned based on the following predetermined cri-
teria: 3 = movement executed as prescribed, 2 = 
movement executed with modification or imperfec-
tion, 1 = movement not executed. A “0” is assigned 
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assessment is completed in a single effort as quickly 
as possible and includes: shuttle runs, push ups, 
bear crawls, broad jumps, water-can carries (using 
equivalent weight in the present study), and Russian 
twists performed with an 8.16 kg (18 lbs.) medicine 
ball. Before beginning the test, each subject received 
a thorough description and demonstration of all 
tasks. Additional verbal cues were provided during 
live test administration prior to the subjects’ arrival 
at each substation. Subjects were then permitted to 
rest as needed before beginning the final test, the 
partner rescue simulation.

For the partner rescue simulation, three 50lbs 
sandbags were fastened together using nylon rope 
and then reinforced with duct tape. Subjects were 
required to drag the load 50 yards across the gym 
floor as quickly as possible following the “go” com-
mand. Completion time was recorded when the final 
bag crossed the finish line.

Statistical Analyses
The a priori significance level for all analyses was 
set at p<0.05. Item scores from the weighted and 
control conditions were compared directly using 
one-tailed Wilcoxon signed rank tests for matched 
pairs. 

It has recently been demonstrated that the FMSTM 
lacks the psychometric properties necessary for 
making the composite score a meaningful sum-
mary.14,15 Therefore, a more appropriate analysis is to
use the constituent items of the screen in a multiple 
regression model. However, doing so is not without 
challenges. First, the number of predictors is vastly 
increased. Second, the FMSTM item scores contain 
ordinal level data. Regression procedures designed 
for nominal and/or continuous predictors both 
have disadvantages when applied to ordinal inde-
pendent variables. These include dummy coding 
models, in which model fit may be overestimated, 
as well as linear models, which suffer from the addi-
tional limitation that the continuous scaling is arti-
ficial.26 Therefore, in order to address the research 
questions in the present study, the authors applied 
recently developed regression techniques which 
enable valid model selection and can account for 
ordinal scaling within the predictor variables using 
a data-driven penalty parameter. Penalized regres-

to any test that elicits pain, regardless of the sub-
ject’s performance. 

The FMSTM was administered under two condi-
tions—once without additional weight (FMSTM

C) and 
once while wearing an adjustable 18.10 kg (39.90 
lbs.) weight vest (FMSTM

W) (MiR Vest Inc., San Jose, 
CA). All FMSTM testing was conducted by a single, 
experienced rater. A recently developed movement 
screen suggested for use in athletic populations, the 
Athletic Ability Assessment (AAA), incorporates 
loads of 10 kg (22.05 lbs.) and 20 kg (44.09 lbs.) in the 
form of barbells.16 Thus, the weight vest treatment 
in this study used a load within the range of those 
used in the AAA. The order of the conditions was 
randomized so as to prevent practice effects from 
disproportionately affecting either condition. 

Next, participants completed a standardized station-
ary bicycle warm-up and began a battery of physical 
performance tests. These tests were based on pre-
vious research evaluating tactical performance18,19 
and included, in order, a series of five 27.43 meter 
(30 yards) sprints, a 400 meter run, a military-spe-
cific mobility test (the Mobility for Battle Assess-
ment18), and a partner rescue simulation. Subjects 
were instructed to complete each individual test as 
quickly possible. Completion times were recorded 
using a timing device (Brower Timing Systems, 
Draper, UT) with a start-on-release trigger mecha-
nism and photocell to record start and stop times, 
respectively.

Subjects completed the five sprint trials with a max-
imum of 60 seconds of rest between efforts. After 
recovering from the final sprint trial, all subjects 
completed a single 400 meter run and were then 
permitted to rest as needed before proceeding to 
the Mobility for Battle Assessment (described in the 
following paragraph). Subjects began the sprint and 
400 meter events with one foot depressing the start-
on-release trigger and began each trial following a 
countdown of “3-2-1-Go.” Finish times were recorded 
using the timing system photocell. The sprint times 
used for statistical analysis represent an average of 
all trials for each subject. 

The Mobility for Battle assessment incorporates 
a broad range of physical demands which may be 
encountered in combat environments.18 The entire 
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sion 0.2-.1), grpreg28 (version 2.6-0), boot29 (version 
1.3-11), and base packages.

RESULTS
Table 1 summarizes the penalty parameters that 
were applied to each penalized regression model. 
Results of the Wilcoxon signed rank tests are pre-
sented in Table 2 and show significant decreases 
in the FMSTM scores during the weighted condition 
for the Shoulder Mobility, Active Straight Leg Raise, 
Trunk Stability Push Up, and Rotary Stability tests. 
Finally, regression models are summarized in Tables 
3-5, which show bootstrap 95% confidence intervals 
and smoothed dummy coefficients for performance 
and balance outcomes. For the sake of comparison, 
non-smoothed results are presented as well. With 
the exception of the partner rescue simulation, for 
which n = 16, data for all 19 subjects were used for 
each analysis.   

Because lower completion times reflect better per-
formance in the timed tests, a negative relation-
ship indicates superior performance as FMSTM item 
scores increase.  For the FMSTM

C condition, the only 
factor retained in the performance prediction mod-
els was TSPU, in which a score of 3 was predictive of 
faster sprint speed. Models using the FMSTM

W item 
scores retained a greater number of factors than 
their FMSTM

C equivalents. A 3 in the TSPU for the 
FMSTM

W condition was predictive of faster comple-
tion in all of the timed tests. Also in the FMSTM

W con-
dition, a score of 3 on the DS and a score of 2 on the 
HS were predictive of faster completion of the 400 m 

sion typically minimizes the sum of squared errors 
subject to a constraint on the sum, or squared sum, 
of the coefficient terms. This discourages high coef-
ficient values, which are more likely to be specific to 
a particularly sample of the data. Penalized regres-
sion has the advantage of optimizing the bias-vari-
ance tradeoff and can be particularly useful in cases 
involving a large number of predictors and/or small 
sample sizes.

For both the weighted and control conditions, regres-
sion models were constructed using FMSTM test items 
as predictors. Each FMSTM test item is considered to 
be a separate factor consisting of grouped covari-
ates which are represented by the levels (scores 
of 1, 2, or 3) within a factor. The first step was to 
identify a model at the factor level using the group 
Lasso algorithm, which penalizes groups of coeffi-
cients rather than individual coefficients. Models 
were selected according to the penalty parameter 
lambda (Λ) which minimized cross validation error 
in the group Lasso solution. The factors retained in 
the solution were then smoothed across levels using 
the same penalty term. Like other dummy coding 
regression procedures, one level of the independent 
variable must be designated to serve as a reference 
category for estimated changes in the outcome as 
the levels of the predictor increase. For the present 
investigation, the level corresponding to an FMSTM 
score of “1” was used as the reference category and 
is therefore assigned a zero dummy coefficient. Sig-
nificance was tested using bootstrap (BCa method) 
95% confidence intervals for each dummy coeffi-
cient retained in the final models. All computations 
were conducted in R 3.1.0 using the ordPens26,27 (ver-

Table 1. Group penalization parameters (Λ) based on 
minimum cross-validation error along with the number of 
features retained for each model using both weighted and 
control FMSTM scores

Table 2. Wilcoxon signed rank tests correspond to the null 
hypothesis that FMSTM

C item scores = FMSTM
W item scores.  

The alternative hypothesis was that FMSTM
W item scores < 

FMSTM
C item scores.  P-values are not exact as at least one tie 

was observed for each comparison

FMSTMC = FMSTM control condition, FMSTMW = FMSTM weighted condition.
FMSTMC = FMSTM control condition, FMSTMW = FMSTM weighted condition.
*Indicates statistically significant differences.
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required before performance-relevant differences 
in movement behaviors can be observed. Based on 
the current findings, it appears that a convention-
ally administered FMSTM is not sufficiently chal-
lenging to identify movement deviations that could 
affect performance relevant to tactical occupations. 
An increased load is just one method that could be 
used to address this shortcoming. As alternatives, the 
screen might have been administered at high speed 
or following a fatigue protocol to assess movement 
quality under other conditions one might face in 
training or on the job. The ability to predict perfor-
mance and identify performance-limiting behaviors 
on which to intervene is important, especially con-
sidering the challenges facing military recruitment 
efforts.12,13 Performance failure is a major factor in 
attrition and washback;30 however, excessively high 
injury rates suggest that increases in training volume 
and intensity may not be the appropriate solution. 
Targeted selection and remediation, each of which 
could benefit from cost-effective clinical screens, 
may be a more viable approach.13

Several authors have published studies that investi-
gate the relationship between physical performance 

run. DS and HS in the FMSTM
W condition were simi-

larly predictive of faster completion of the Mobility 
for Battle course, in this case with scores of either 
2 or 3. Finally, scoring a 3 in the SM or ILL in the 
FMSTM

W condition was predictive of slower comple-
tion of the partner rescue task. 

With respect to the balance outcomes, the only 
measure for which any factors were retained in 
the group lasso solution was mean APCOPV. In the 
FMSTM

C condition, a DS score of 2 or 3 was predictive 
of greater APCOPV. In the FMSTM

W condition, scores 
of 3 on the DS and ILL were predictive of greater 
APCOPV. Lower mean COPV values are interpreted 
to reflect better postural control.

DISCUSSION
The most important finding of this investigation is 
that the relationship between FMSTM test items and 
physical performance appears to be more consistent 
with the underlying theory of the FMSTM when the 
battery is performed under load. This may lend sup-
port to the practice of screening movement quality 
for its potential impact on performance, but might 
also suggest that more demanding conditions are 

Table 3. Dummy coeffi cients, both before and after applying the smoothing algorithm, and 95% bootstrap confi dence limits 
for FMSTM

C and FMSTM
W test items retained for the prediction of sprint and 400 meter times.  Reference category coeffi cients 

(corresponding to FMSTM score = 1) are not shown

FMSTMC = FMSTM control condition, FMSTMW = FMSTM weighted condition, DS = Deep Squat, HS = Hurdle Step, ILL = Inline Lunge, SM = Shoulder Mobility,
 TSPU = Trunk Stability Push Up, RS = Rotary Stability.  *Indicates statistically significant differences.
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varying loads and speeds might strengthen their 
relationship with performance outcomes. To date, 
this is the first investigation to administer the FMSTM 
under a weighted condition and examine its relation-
ship to criterion performance tasks. While the liter-
ature suggests that movement quality as measured 
by the FMSTM may not relate to fundamental behav-
iors which impact performance across a variety of 
domains, the present findings indicate that move-
ment screens can provide useful information when 
modified such that the test more closely approxi-
mates the requirements of high-performance efforts.

The relevance of the FMSTM tasks to general and 
fundamental biomechanical function might be 

and FMSTM scores.5,6,31,32 Whether considering the 
total score or individual item scores, the relationships 
identified in these previous investigations have been 
inconsistent. One study conducted in a sample of 
NCAA football players found relationships between 
FMSTM composite scores and squat strength, power 
clean strength, 40 yard dash time, shuttle run time, 
and vertical jump height.31 These findings, while 
impressive, may not generalize to all populations. 
Other FMSTM research has found weak, if any, asso-
ciations with performance outcomes in non-football 
collegiate athletes,5 as well as tactical populations.6,32 
Notably, the authors of one of the latter studies6 com-
mented that load may affect movement quality and 
suggest that evaluating movement behaviors under 

Table 4. Dummy coeffi cients, both before and after applying the smoothing algorithm, and 95% bootstrap confi dence limits 
for FMSTM

C and FMSTM
W test items retained for the prediction of Mobility for Battle and simulated partner rescue times.  

Reference category coeffi cients (corresponding to FMSTM score = 1) are not shown

FMSTMC = FMSTM control condition, FMSTMW = FMSTM weighted condition, DS = Deep Squat, HS = Hurdle Step, ILL = Inline Lunge, SM = Shoulder Mobility, 
TSPU = Trunk Stability Push Up, RS = Rotary Stability.  *Indicates statistically significant differences.
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and other assessments, which may use similar scor-
ing practices. Much of the appeal of the FMSTM draws 
from its clinical applicability and evidence support-
ing the use of cutoff points for composite scores to 
indicate risk of future injury.3,9 Previous investiga-
tions have treated composite scores as interval level 
data,8,10,11 which is arguably artificial given the ordi-
nal nature of its constituents. Regardless of how the 
composite score is treated, the underlying factor 
structure and lack of internal consistency among 
the test items suggest that combining their scores 
is inappropriate.14,15 The task then becomes analyz-
ing the item scores themselves, which are unam-
biguously ordinal. It can be said, for example, that 
a “3” is better than a “2,” but not that the difference 
between scores “1” and “2” is equal to the difference 
between scores “2” and “3”. The smoothing process 
applied in the current analysis allows more informa-
tion to be captured in the model than would be pos-
sible through standard dummy coding techniques. 
Particularly in the timed performance tests, the 
confidence intervals are considerably narrower for 
the smoothed results. In several cases, this leads to 
a significant finding where more traditional proce-
dures would not. Simulation studies have demon-
strated that the approach used in this investigation 

called into question by the unexpected findings with 
respect to postural control.  Balance and FMSTM item 
scores were generally unrelated in this study. Mean 
APCOPV was the only balance outcome retained in 
any model and, unexpectedly, predicted poorer bal-
ance as FMSTM item scores increased. There is lit-
tle in the way of published research on FMSTM and 
static balance control. One investigation exploring 
the impact of fatigue in these variables identified a 
negative relationship between baseline HS and COP 
standard deviation.33 Another study focusing specifi-
cally on the ILL task found that it was unrelated to 
COP excursion.34 While the evidence is scarce, one 
would expect to observe different indicators of bio-
mechanical function to demonstrate a positive rela-
tionship, if any. It is not clear why the results in 
the current study would follow this counterintuitive 
pattern. One possibility is that subtle differences in 
biomechanical function are obscured by the low-
resolution clinical scoring criteria. Alternatively, 
it may be the case that biomechanical function as 
assessed by FMSTM movement skills is not the same 
as that indexed by force plate measures.

The current study also attempts to address concerns 
regarding the psychometric properties of the FMSTM 

Table 5. Dummy coeffi cients, both before and after applying the smoothing algorithm, and 95% bootstrap confi dence limits 
for FMSTM

C and FMSTM
W test items retained for the prediction of balance outcomes.  Reference category coeffi cients (correspond-

ing to FMSTM score = 1) are not shown

FMSTMC = FMSTM control condition, FMSTMW = FMSTM weighted condition, APCOPV = Antero-posterior center of pressure velocity, DS = Deep Squat, HS = Hurdle Step, 
ILL = Inline Lunge, SM = Shoulder Mobility, ASLR = Active Straight Leg Raise, TSPU = Trunk Stability Push Up.  *Indicates statistically significant differences.



The International Journal of Sports Physical Therapy | Volume 10, Number 5 | October 2015 | Page 620

REFERENCES
 1. Cook G, Burton L, Hoogenboom B. Pre-participation 

screening: The use of fundamental movements as an 
assessment of function–Part 2. N Am J Sports Phys 
Ther. 2006;1(3):132.

 2. Cook G, Burton L, Hoogenboom B. Pre-participation 
screening: The use of fundamental movements as an 
assessment of function–Part 1. N Am J Sports Phys 
Ther. 2006;1(2):62.

 3. O’Connor FG, Deuster PA, Davis J, Pappas CG, 
Knapik JJ. Functional movement screening: 
predicting injuries in offi cer candidates. Med Sci 
Sports Exerc. 2011;43(12):2224-2230.

 4. Okada T, Huxel KC, Nesser TW. Relationship 
between core stability, functional movement, and 
performance. J Strength Cond Res. 2011;25(1):252-261.

 5. Parchmann CJ, McBride JM. Relationship between 
functional movement screen and athletic 
performance. J Strength Cond Res. 2011;25(12):3378-
3384.

 6. McGill S, Frost D, Andersen J, Crosby I, Gardiner D. 
Movement quality and links to measures of fi tness 
in fi refi ghters. Work. 2013;45(3):357-366.

 7. Kiesel K, Plisky PJ, Butler R. Functional movement 
test scores improve following a standardized 
off-season intervention program in professional 
football players. Scand J Med Sci Sports. 
2011;21(2):287-292.

 8. Kiesel K, Plisky PJ, Voight ML. Can serious injury in 
professional football be predicted by a preseason 
functional movement screen? N Am J Sports Phys 
Ther. 2007;2(3):147.

 9. Lisman P, O’Connor FG, Deuster PA, Knapik JJ. 
Functional movement screen and aerobic fi tness 
predict injuries in military training. Med Sci Sports 
Exerc. 2013;45(4):636-643.

 10. Frost DM, Beach TA, Callaghan JP, McGill SM. Using 
the functional movement screen to evaluate the 
effectiveness of training. J Strength Cond Res. 
2012;26(6):1620-1630.

 11. Butler RJ, Contreras M, Butron L, Plisky PJ, Kiesel 
KB. Functional movement screen and physical 
performance scores during a fi refi ghter academy: 
implications for injury screening. Med Sci Sports 
Exerc. 2011;43(Suppl 1):795.

 12. Lopez C. Recruiting force remains unchanged, 
despite shrinking goals. 2014;2015(January 30th). 
http://www.army.mil/article/118369/.

 13. Nindl BC. Strategies for enhancing military physical 
readiness in the 21st century. US Army Med Dep J. 22 
Mar 2012 2013:5-23.

 14. Kazman JB, Galecki JM, Lisman P, Deuster PA, 
O’Connor FG. Factor structure of the functional 

outperforms the more traditional approaches while 
simultaneously avoiding problems associated with 
over- or underfitting.26 The benefits of this method 
could extend to other models for predicting success 
in incoming military recruits, many of which are 
based on likert-type survey responses.35

Several limitations should be noted with respect to 
this investigation. First, the load used in the FMSTM

W 
condition was not adjusted according to a partici-
pant’s size or strength. While this limits the authors’ 
ability to discuss the mechanism by which the weight 
vest affected scores across individuals, this research 
intentionally examined within-subjects effects using 
a load treatment similar to that employed in previ-
ous research.16 Second, while the primary interest of 
the study was to determine the effect of standardized 
load, it was difficult to control for mechanical restric-
tion in all subjects, particularly in the SM task. Third, 
the authors’ note that this investigation was con-
ducted in a controlled laboratory setting which may 
limit the extent to which the findings can be gener-
alized to tactical environments. Finally, the analy-
ses considered men and women together. Further 
research will be required to establish whether these 
effects are sex-specific.

CONCLUSIONS
Several conclusions may be drawn from the current 
results. These data indicate that movement function 
as assessed by the FMSTM deteriorates with increased 
load. Further, movement behaviors observed under 
the more challenging external load condition may 
be better predictors of performance outcomes. At 
the same time, an unexpected relationship was 
observed between postural control and FMSTM move-
ment behaviors in both conditions. These results 
support using movement screening as a predictor 
of physical performance, but failed to support the 
original interpretation of FMSTM movement behav-
iors as fundamental to a range of human activities.17  
Specifically, results of the balance analyses could 
not confirm that movement quality reflects founda-
tional aspects of biomechanical function relevant to 
different types of behaviors. Future studies should 
seek to separate the effects of movement quality 
on performance outcomes from the effects of other 
factors which have previously been understood to 
reflect independent components of fitness. 



The International Journal of Sports Physical Therapy | Volume 10, Number 5 | October 2015 | Page 621

kinematics during concentric squats. J Sports Sci. Oct 
2005;23(10):1045-1055.

2 6. Gertheiss J, Tutz G. Penalized regression with 
ordinal predictors. Int Stat Rev. 2009;77(3):345-365.

2 7. ordPens: Selection and/or Smoothing of Ordinal 
Predictors. R package version 0.2-1. [computer 
program]. 2010.

2 8. Breheny P, Huang J. Group descent algorithms for 
nonconvex penalized linear and logistic regression 
models with grouped predictors. Stat Comput. 
2013:1-15.

2 9. boot: Bootstrap R (S-Plus) Functions. R package version 
1.3-11. [computer program]. 2014.

3 0. Gebicke ME. Military attrition: DOD needs to better 
understand reasons for separation and improve 
recruiting systems. In: USGAO, ed. Subcommittee on 
Personnel, Committee on Armed Services, U.S. 
Senate1998:1-12.

3 1. Crouse VJ. The functional movement screen and its 
relationship to measures of athletic-related performance, 
body composition, and injury rates, The Pennsylvania 
State University; 2014.

3 2. Bock C, Stierli M, Hinton B, Orr RM. The Functional 
Movement Screen as a Predictor of Tactical Athlete 
Performance. Paper presented at: 43rd Annual Sports 
Medicine Association Queensland State 
Conference2014.

3 3. Clifton DR, Harrison BC, Hertel J, Hart JM. 
Relationship between functional assessments and 
exercise-related changes during static balance. J 
Strength Cond Res. 2013;27(4):966-972.

3 4. Hartigan EH, Lawrence M, Bisson BM, Torgerson E, 
Knight RC. Relationship of the functional movement 
screen in-line lunge to power, speed, and balance 
measures. Sports Health. May 2014;6(3):197-202.

3 5. Allison SC, Knapik JJ, Sharp MA. Preliminary 
derivation of test item clusters for predicting 
injuries, poor physical performance, and overall 
attrition in basic combat training. 
2006(USARIEM-T07-06).

movement screen in marine offi cer candidates. J 
Strength Cond Res. Mar 2014;28(3):672-678.

 15. Li Y, Wang X, Chen X, Dai B. Exploratory factor 
analysis of the functional movement screen in elite 
athletes. J Sports Sci. 2014:1-7.

 16. McKeown I, Taylor‐McKeown K, Woods C, Ball N. 
Athletic ability assessment: a movement assessment 
protocol for athletes. Int J Sports Phys Ther. 
2014;9(7):862.

1 7. Cook G. Movement: Functional movement systems: 
Screening, assessment, and corrective strategies. Aptos, 
California: On Target Publications; 2010.

1 8. Crowder TA, Ferrara AL, Levinbook MD. Creation of 
a criterion-referenced military optimal performance 
challenge. Mil Med. 2013;178(10):1085-1101.

1 9. Harman EA, Gutekunst DJ, Frykman PN, et al. 
Prediction of simulated battlefi eld physical 
performance from fi eld-expedient tests. Mil Med. Jan 
2008;173(1):36-41.

2 0. Yaggie JA, Campbell BM. Effects of balance training 
on selected skills. J Strength Cond Res. 2006;20(2):422-
428.

2 1. Lamoth CJC, van Lummel RC, Beek PJ. Athletic skill 
level is refl ected in body sway: A test case for 
accelometry in combination with stochastic 
dynamics. Gait Posture. 2009;29(4):546-551.

2 2. Cavanaugh JT, Guskiewicz KM, Stergiou N. A 
nonlinear dynamic approach for evaluating postural 
control: New directions for the management of 
sport-related cerebral concussion. Sports Med. 
2005;35(11):935-950.

2 3. Glass SM, Ross SE, Arnold BL, Rhea CK. Center of 
pressure regularity with and without stochastic 
resonance stimulation in stable and unstable ankles. 
Athletic Training & Sports Health Care. 2014;6:170-178.

2 4. Lake DE, Richman JS, Griffi n MP, Moorman JR. 
Sample entropy analysis of neonatal heart rate 
variability. American Journal of Physiology-Regulatory, 
Integrative and Comparative Physiology. 
2002;283(3):R789-R797.

2 5. Kellis E, Arambatzi F, Papadopoulos C. Effects of 
load on ground reaction force and lower limb 



The International Journal of Sports Physical Therapy | Volume 10, Number 5 | October 2015 | Page 622

ABSTRACT
Background: The Functional Movement Screen (FMS™) has been suggested for use in predicting injury risk in 
active populations, but time constraints may limit use of the screening test battery. Identifying one component 
of the FMS™ that can predict which individuals may perform poorly on the entire test, and therefore should 
undergo the full group of screening maneuvers, may reduce time constraints and increase pre-participation 
screening utilization.

Purpose: The purpose of this study was to determine if performance on the FMS™ overhead deep squat test 
(DS) could predict performance on the entire FMS™. 

Study Design: Cohort study.

Methods: One hundred and three collegiate athletes underwent offseason FMS™ testing. The DS and adjusted FMS™ 
composite scores were dichotomized into low performance and high performance groups with athletes scoring below 
2 on the DS categorized as low performance, and athletes with adjusted FMS™ composite scores below 12 categorized 
as low performance. Scores of 2 or above and 12 or above were considered high performances for the DS test and 
adjusted FMS™ composite score respectively, and therefore low risk for movement dysfunction and potentially, injury.

Results: Individuals categorized as low performance as a result of the DS test had lower adjusted FMS™ composite 
scores (p < 0.001). DS scores were positively correlated with adjusted FMS™ composite scores (ρ = 0.50, 
p < 0.001). Binomial logistic regression identified an odds ratio of 3.56 (95% CI: 1.24, 10.23, p = 0.018) between DS 
and FMS™ performance categories. 

Conclusions: Performance on the DS test may predict performance on the FMS™ and help identify individuals 
who require further musculoskeletal assessment. Further research is needed to determine if DS performance can 
predict asymmetries during the FMS™.

Level of Evidence: Level 3

Keywords: Injury risk assessment, injury prevention, pre-participation examination, screening
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INTRODUCTION
Musculoskeletal injury rates in high school and col-
legiate athletics have been reported to be as high 
as 6.6 injuries per 1,000 athlete exposures with the 
highest rates occurring during the pre-season.1-3 It 
has also been reported that over half of musculoskel-
etal injuries occur in the lower extremity.1 Lower 
extremity injuries can have long-term consequences 
such as chronic ankle instability, osteoarthritis, 
and decreased quality of life that can contribute to 
heightened recurrent injury risk, decreased physi-
cal activity and fear of injury with exercise.4-8 Injury 
prevention strategies can be effective at reducing 
the risk of lower extremity musculoskeletal injury, 
however, a one program fits all approach may not 
be the most effective method.9 In order to improve 
the effectiveness of injury prevention programs a 
proper musculoskeletal screening process must first 
be identified; musculoskeletal screening provides a 
means to personalize interventions to target individ-
uals’ specific functional impairments.

The Functional Movement Screen (FMS™) is a 
screening test battery developed to identify specific 
movement dysfunctions that may be related to mus-
culoskeletal injury risk.10,11 This screen consists of 
seven tests that assess mobility, stability, coordina-
tion, and postural control during seven dynamic 
movements.10 These tests include the active straight 
leg raise (ASLR), shoulder mobility (SM), trunk sta-
bility push-up (TSPU), rotational stability (RS), in-
line lunge (ILL), hurdle step (HS), and overhead 
deep squat (DS) (Figure).10 The ASLR, SM, RS, ILL 
and HS tests are performed bilaterally.10 The FMS™ 
may be valuable for identifying injury risk in a vari-
ety of active populations including professional foot-
ball players, firefighters, high school athletes and 
military personnel.10,12,13 Despite the potential value 
of the screen, anecdotal evidence suggests that 
resource constraints prevent widespread use. Time, 
staff, and monetary constraints may prevent health 
care professionals from administering this screen on 
all physically active individuals during pre-partici-
pation physical evaluations (PPE). Due to resource 
constraints, identifying one component of the FMS™ 
that can predict which individuals may perform 
poorly on the entire test, which could function as 
a quick red flag system to identify individuals that 
should undergo full screening, may reduce time con-

straints and improve screening cost-effectiveness, 
allowing more clinicians to administer this tool to 
assess pre-participation musculoskeletal injury risk.

One screening movement that may predict perfor-
mance on the entire FMS™ is the overhead deep 
squat. This component is theorized to be a dynamic 
task that requires mobility and stability at multiple 
joints for correct performance.11,14,15 Individuals who 
perform poorly on an overhead squat task have 
impaired mobility and stability in multiple lower 
extremity joints.16-18 In theory, mobility and stability 
impairments during the deep squat should relate to 
performance on specific mobility and stability FMS™ 
tests such as the ASLR and TSPU, in turn relating to 
total FMS™ performance.14 A recent factor analysis 
also identified the deep squat as a major contributor 
to FMS™ composite score.19 Therefore, the purpose 
of this study was to determine if performance on 
the FMS™ overhead deep squat test predicts perfor-
mance on the entire FMS™. Lower DS scores were 
hypothesized to be related to lower FMS™ composite 
scores. Specifically, individuals who received a DS 
score below 2 would receive an adjusted FMS™ com-
posite score below 12. 

METHODS
This cohort laboratory study was designed to deter-
mine if overhead deep squat test scores could pre-
dict FMS™ composite scores in healthy, collegiate 
athletes. There was one ordinal independent vari-
able, overhead deep squat score, and one ordinal 
dependent variable, FMS™ composite score. The 
variables were considered ordinal because the DS 
score ranges from 0 to 3 and the FMS™ composite 
score ranges from 0-21 with higher scores indicating 
better performances. 

Subjects
Eighty-five females (1.71±0.10 m, 68.66±9.81 kg) 
and eighteen males (1.97±0.10 m, 96.82±10.01 kg) 
participating in National Collegiate Athletic Associa-
tion (NCAA) Division I athletics were included in 
this study. Subjects were included if they were par-
ticipating in football, soccer, basketball, lacrosse, or 
volleyball and were medically cleared to participate 
in athletics at the time of the study. Subjects who 
were recovering from illness, surgery, fractures or 
other musculoskeletal conditions that precluded 
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them from participating in athletic performance 
were excluded from the study. Participants were 
provided information, prior to agreeing to partici-
pate and signed informed consent documents after 
agreeing to participate. This study was approved by 
the university’s institutional review board.    

Procedures
Subjects provided informed consent prior to per-
forming the FMS™ according to previously published 
protocol.10 Each of the seven screening movements 
was scored on a scale from 0-3 with a higher score 
indicating better performance. The score from each 
test was summed to create a composite score rang-
ing from 0-21 with a higher score indicating better 
performance. 

For those tests that were performed bilaterally, the 
lower score of the two sides was counted towards 
the composite score.10 The screen was administered 
by one FMS™-trained certified Athletic Trainer who 
was not blinded to the study objectives and the order 
in which the tests were performed was not random-
ized. The FMS™ has been shown to have fair to 
strong intrarater reliability with intraclass correla-
tion coefficients ranging from 0.77 to 0.95 for nov-
ice and expert testers.20,21 Additionally, the DS test 
has been reported to have good intrarater agreement 
(k = 0.69).21

Statistical Analyses 
The FMS™ composite score in this study did not 
include the DS score to maintain independence of 
observations and therefore an adjusted FMS™ com-
posite score ranging from 0-18 was used for analy-
ses. The DS and adjusted FMS™ composite scores 

were dichotomized into low performance and high 
performance groups based on score. Individuals 
who scored a 0 or 1 on the DS were categorized as 
low performance. A receiver operator character-
istic curve (ROC) was used to determine a cut-off 
value for dichotomizing the adjusted FMS™ com-
posite score. The ROC curve identified a score of 
12 as the best cut-off value for the 18-point adjusted 
FMS™ composite score. As a result, individuals who 
received an adjusted FMS™ composite score below 
12 were categorized as low performance..

A Mann-Whitney U test was used to determine if 
there was a difference in adjusted FMS™ compos-
ite scores between DS performance categories. The 
relationship between DS performance category and 
adjusted FMS™ composite score was determined 
using a Spearman’s rho correlation. A binomial logis-
tic regression was used to determine the odds ratio 
between DS performance category and adjusted 
FMS™ performance category. The alpha level was 
set a-priori at p < 0.05.

RESULTS
Participants were comprised of men’s basketball, 
women’s basketball, and women’s soccer players. 
Number of participants, median adjusted FMS™ com-
posite scores and median DS scores with interquar-
tile ranges (IQR) by sport are reported in Table 1.
Median adjusted FMS™ composite and DS test scores 
with IQR for low and high performance categories 
are reported in Table 2; no individual received a score 
of zero on any individual FMS™ test. Individuals who 
were categorized as low performance as a result of 
the DS test had significantly lower adjusted FMS™ 
composite scores (p < 0.001). Low-performance 

Table 1. Median adjusted FMS™ composite score and overhead deep squat score by sport
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individuals who are more likely to perform poorly 
on the entire FMS™ may help identify individuals 
who are at greater risk of musculoskeletal dysfunc-
tion, and potentially, injury. The use of the DS as 
a simple, time efficient, primary screening tool to 
initially assess general movement dysfunction prior 
to in-depth screening is recommended during PPE 
assessments.

Previous research findings suggest that the FMS™ 
is valuable for predicting injury risk in physically 
active individuals.12,13,22 Despite the potential ben-
efits, anecdotal and research evidence suggests that 
resource constraints and cost-effectiveness concerns 
prevent the FMS™ from being widely administered.23 
Identifying individuals on the DS test who require 
further assessment may indicate a solution to time 
and cost-effectiveness concerns. A time-efficient 
process of approximately one minute per DS test 
versus approximately seven to ten minutes per the 
full FMS™ would expedite a system for identifying 
those who require further assessment. Additionally, 
using the DS as the first test in a hierarchical screen-
ing process to determine which individuals require 
further assessment may improve cost effectiveness 
of subsequent injury prevention programs.23,24

The relationship identified in this study may be 
present because the DS is a dynamic task that is 
believed to require mobility and stability through-

individuals had a median adjusted FMS™ composite 
score of 12 (IQR=3) and high performance individu-
als had a median adjusted FMS™ composite score of 
14 (IQR=2). DS scores were positively correlated 
with adjusted FMS™ composite scores, indicating 
that better DS scores were associated with better 
FMS™ performance (ρ = 0.50, p < 0.001). Addition-
ally, binomial logistic regression identified an odds 
ratio of 3.56 (95% CI: 1.24, 10.23, p = 0.018) between 
adjusted FMS™ composite and DS performance cat-
egories. This suggests that the odds of being catego-
rized as low performance on the FMS™ is 3.56 times 
greater for individuals who were categorized as low 
performance on the DS test. 

DISCUSSION
The main findings of this study indicate there may be 
a clinically meaningful relationship between DS and 
FMS™ composite scores. There is a moderate, posi-
tive correlation (ρ = 0.50) between DS performance 
category and adjusted FMS™ composite score, with 
25 percent of the variance in adjusted FMS™ com-
posite scores explained by DS performance. This 
indicates that better DS scores are related to better 
FMS™ performance overall. The results of this study 
also indicate that the DS test may be able to predict 
performance on the full FMS™ as the odds of scoring 
poorly on the adjusted FMS™ are 3.56 times greater 
for those who scored poorly on the DS. Predicting 

Table 2. Median adjusted FMS™ composite score and overhead deep squat score by performance 
category
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Another potential limitation is that the study sample 
consisted of mostly females, 78.79 percent of sub-
jects in this study were females, and further research 
should examine these relationships in a sample with 
equal numbers of males and females. Although the 
results mostly reflect a relationship between DS 
performance category and FMS™ performance cat-
egory in females, it is not likely that this relationship 
would change if more males were included. Accord-
ing to a study by Abraham et al, FMS™ DS scores 
do not differ between sexes.26 Although Abraham et 
al. identified a significant difference in composite 
scores between sexes with a mean score for males of 
14.9326 and a mean score for females of 14.17,26 the 
FMS™ scoring system does not allow for fractions of 
a point so it is unlikely that this significant differ-
ence is clinically meaningful. Lastly, because the 
relationship between DS score and injury risk was 
not assessed the injury risk prediction capability of 
the DS test is unclear. 

CONCLUSIONS
 The odds of having a low performance adjusted 
FMS™ composite score, defined as a score below 
12 on an 18 point scale, are 3.56 times greater for 
individuals who have a low performance DS score, 
defined as a score below 2. This finding, along with 
a moderate correlation between DS and adjusted 
FMS™ composite scores, indicate that there may be 
a clinically meaningful relationship between DS and 
FMS™ composite scores. Screening all individuals 
with the FMS™ may be impractical given resource 
constraints but the findings of this study may pro-
vide a possible solution. Clinicians who do not have 
the resources to administer the entire FMS™ to all 
patients may find it beneficial to administer the 
overhead deep squat test as an efficient method for 
identifying individuals who require further in-depth 
musculoskeletal injury risk assessment.
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ABSTRACT
Purpose/Background: Sprinting and jumping are two common and important components of high-level 
sport performance. The weight-bearing dorsiflexion test (WB-DF) and Star Excursion Balance Test (SEBT) 
are tools developed to identify athletes at risk for lower extremity injury and may be related to running and 
jumping performance among athletes. The purposes of the present study were: 1) to identify any relation-
ships between functional movement tests (WB-DF and SEBT) and performance tests (jumping, sprinting 
and changing direction); 2) to examine any relationships between asymmetries in functional movements 
and performance tests.

Study Design: Descriptive cohort study. 

Methods: Fifteen elite male basketball players (age: 15.4 ± 0.9 years) were assessed during a three-week 
period to determine the reliability of functional screening tools and performance tests and to examine the 
relationships between these tests. Relative (intraclass correlation coefficient) and absolute (coefficient of varia-
tion) reliability were used to assess the reproducibility of the tests.

Results: Significant correlations were detected between certain functional movement tests and performance 
tests. Both left and right excursion composite scores related to slower performance times in sprint testing, 
demonstrating that greater dynamic reach relates to decreased quickness and acceleration among these elite 
basketball athletes. The various relationships between dynamic functional movement testing, speed, and 
jump performance provide guidance for the strength and conditioning professional when conducting and 
evaluating data in an effort to improve performance and reduce risk of injury.

Conclusions: The results of the present study suggest that these functional and performance tests do not 
measure the same components of human movement, and could be paired as outcome measures for the clini-
cal and sport assessment of lower extremity function.

Level of Evidence: 2b

Keywords: Vertical jump, sprinting speed, sports performance, functional testing
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INTRODUCTION
Sprinting and various jumps are amongst the most 
widely used performance movements to assess lower 
limb performance.1 In this regard, bilateral and uni-
lateral jumps (i.e., vertical and horizontal) have been 
included within team-sports assessments due to the 
fact that they are quite similar to specific movements 
in such sports and have been shown to be reliable 
measurements.2,3 Interestingly, these unilateral 
jumps have a high ability to discriminate between 
the performance of the injured (i.e., anterior cruciate 
ligament [ACL]) and uninjured side among patients 
with injury to the ACL.2 Such testing may also be used 
in the decision-making process for return to sport fol-
lowing injury.4 Furthermore, both jumps can predict 
both change of direction (COD) and sprinting perfor-
mance.3,5,6 Thus, it seems that unilateral assessment 
is of interest for strength and conditioning coaches 
and sports medicine professionals alike.  

The weight-bearing dorsiflexion test (WB-DF) is a 
functional screening tool developed to assess dor-
siflexion range of motion (ROM).7 Backman et al8 
have shown that a low WB-DF value is a risk factor 
for developing patellar tendinopathy in junior elite 
basketball players because of load-bearing compen-
sation in the patellar tendon. Moreover, WB-DF was 
a predictor of dynamic balance in healthy adults and 
individuals with chronic ankle instability.9 Impaired 
ankle dorsiflexion ROM during a squat can result 
in increased knee valgus and medial knee displace-
ment, as well as decreased quadriceps activation 
and increased soleus activation.10

The Star Excursion Balance Test (SEBT) is another 
functional screening tool developed to assess lower 
extremity dynamic stability,11 for monitoring the 
rehabilitation process,12,13 and to identify athletes 
at high risk for lower extremity injury.14 Plisky et 
al15 found the SEBT to be a good predictor of lower 
extremity injury in high school basketball players. 
The SEBT requires neuromuscular characteristics 
such as coordination, strength, and flexibility,16 thus, 
the SEBT has been used to assess dynamic postural 
control.16 According to Filipa et al,17 the SEBT may 
be a useful test to assess the efficacy of training pro-
grams designed to decrease injury risk. The SEBT 
reach distance has been correlated with hip ROM.18 
Endo et al18 demonstrated that the direction from 

posterolateral to posteromedial motion of the SEBT 
was positively correlated with hip internal rotator 
and hamstring tightness, while negatively correlated 
with gastrocnemius tightness in junior high school 
baseball players. The direction from medial to lat-
eral of the SEBT was negatively correlated with ilio-
psoas and gastrocnemius tightness. Anterior SEBT 
scores were fairly positively correlated with hip 
flexor and extensor strength. Posterolateral SEBT 
scores were fairly positively correlated with hip 
abductor, extensor, and flexor strength in collegiate 
female athletes.19 Recently, Lockie el al20 found a 
significant relationship between dynamic stability, 
as measured by functional reaching, and multidirec-
tional speed in field sport athletes (e.g. soccer, rugby 
league, rugby, Australian football).

Despite the aforementioned data, little is known about 
the relationship between functional screening tools for 
lower body and jump and/or sprint performance in 
elite male basketball players. Therefore, the purposes 
of the present study were: 1) to identify any relation-
ships between functional movement tests and per-
formance tests; and 2) to examine any relationships 
between asymmetries in functional movements and 
performance tests, in elite male basketball players.

METHODS

Subjects
Fifteen elite male basketball players (age: 15.4 ± 
0.9 years; height: 187.9 ± 8.0 cm; body mass: 73.1 
± 10.6 kg) volunteered to participate in the pres-
ent study. Their maturational status was assessed 
through age at peak height velocity (APHV: 2.3 ± 
0.9 cm/year).21 Data collection took place during the 
second month of the competitive season after a two-
month pre-season period. Players belonged to a first 
Spanish basketball division (ACB-Liga Endesa) club 
academy squad. All players participated an average 
of 12 hours of combined basketball (6-7 sessions), 
strength/power (2 sessions) and speed, agility and 
quickness (SAQ) (1 session) training sessions plus 
two competitive matches per week. At the time of 
the study, all players were competing at the national 
level (i.e., Spanish National Basketball League). Fur-
thermore, some players (n=6) were also competing 
at the international level (i.e., European and World 
Basketball Championships). Written informed con-
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sent was obtained from both the players and their 
parents before beginning the investigation. The pres-
ent study was approved by the institutional research 
ethics committee, and conformed to the recommen-
dations of the Declaration of Helsinki.

Protocol
Highly trained, young male basketball players were 
assessed during a three-week period to determine 
the reliability of functional screening tools and per-
formance tests and to examine the relationships 
between these tests. The experimental schedule 
consisted of three consecutive testing sessions: 
first (Monday), players carried out the injury pre-
vention tests (i.e., WB-DF and SEBT), and second 
(Wednesday), a battery of jump tests (bilateral ver-
tical jump, and unilateral vertical and horizontal 
jump) were executed. Finally (Friday), linear sprint 
and COD tests were performed. This schedule was 
repeated three times (once per week over a three 
week period). Relative (intraclass correlation coef-
ficient [ICC]) and absolute (coefficient of variation 
[CV]) reliability values were used to assess the repro-
ducibility of the tests. The first week testing sessions 
were considered as familiarization sessions; there-
fore the ICC and CV of the tests were established 
through the results obtained during the second and 
third week. All tests were performed indoors on a 
basketball court. The leg motion ankle dorsiflexion 
test was preceded by two warm-up attempts with the 
third attempt recorded. The SEBT test was preceded 
by four warm-up attempts with the left leg (i.e., 
leg stance) and four with the right leg. Later, three 
consecutive trials were recorded with the same leg. 
With regard to performance tests, players performed 
a 15-min standardized warm-up, which included jog-
ging (4 min), calisthenics (3 min), and accelerations 
(4 x 15 m). Additionally, prior to the commencement 
of jump tests, three maximal jumps were executed. 
Prior to performing the sprint and COD tests a spe-
cific warm-up comprised of two sub-maximal efforts 
and one maximal effort was performed. Three 
minutes of recovery were allotted between finish-
ing the specific warm-up (performance tests) and 
the beginning of every test. During unilateral tests 
(i.e., WB-DF, SEBT, unilateral jumps and COD), the 
left leg was evaluated first. In every session, trials 
were performed at the same time of the day (18:00 

to 20:00) under the same environmental conditions 
(20° to 22°). Prior to each testing session, players 
were informed not to take any stimulant (e.g., caf-
feine), not to eat within three hours prior to test-
ing, to maintain their nutritional habits the two days 
prior to the test, and to avoid any vigorous exercise 
24 hours before the testing session.

FUNCTIONAL MOVEMENT TESTS 

Weight-bearing dorsifl exion test
Ankle dorsiflexion was evaluated through the Leg-
Motion system (LegMotion, Check your MOtion, 
Albacete, Spain) (Figure 1).22 Each player started with 
their hands on their hips, and put the assigned foot 
on the middle of the longitudinal line just behind 
the transversal line on the platform. The alternate 
foot was positioned out of the platform with toes 
at the edge of the platform. While maintaining this 
position, subjects were instructed to perform a lunge 
in which the knee was flexed with the goal of mak-
ing contact between the anterior knee and the metal 
stick. When subject were able to maintain heel and 
knee contact, the metal stick was progressed away 
from knee. The distance achieved was recorded in 
centimeters. Three trials were allowed with each 
ankle (i.e., left and right) with 10 seconds of pas-
sive recovery between trials. The third value in 
each ankle was selected for subsequent analysis of 
weight-bearing dorsiflexion (WB-DF).   

Figure 1. Weight bearing dorsifl exion test, conducted using the 
LegMotion system (LegMotion, Check  your Motion, Albacete, 
Spain)
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PERFORMANCE TESTS

Bilateral countermovement jump (CMJ) test
Lower limb bilateral explosive power was assessed 
using a vertical countermovement jump (CMJ) 
(reported in centimeters) with flight time measured 
by the Optojump (Optojump, Microgate, Bolzano, Italy) 
to calculate jump height. Each trial was validated by 
a visual inspection to ensure that each landing was 
without any leg flexion, and players were instructed 
to maintain their hands on their hips during CMJ. The 
depth of the CMJ was self-selected. Each test was per-
formed three times, separated by 45 seconds of passive 
recovery, and the best jump was recorded and used for 
analysis. During CMJ, subjects wore athletic shoes.

Unilateral countermovement jump (CMJ) test
Each subject started by standing solely on the desig-
nated leg, maintaining their hands on their hips dur-
ing unilateral CMJ and the alternate leg flexed to 90° at 
the hip and knee. Players were asked to jump as high 
as possible and to land on the assessed leg (Optojump, 
Microgate, Bolzano, Italy). Leg swing of the alternate 
leg was not allowed. Failure to maintain proper tech-
nique resulted in an invalid jump (i.e., hands on hips, 
90° flexion and leg swing). Each test was performed 
twice, separated by 45 seconds of passive recovery, 
and the best jump was recorded and used for analy-
sis. The variables used for analyses were: 1-legged left 
CMJ (CMJL) and 1-legged right CMJ (CMJR). During 
CMJ, subjects wore athletic shoes.

Modifi ed Star Excursion Balance Test
Dynamic balance was assessed by using the Octo-
Balance device (OctoBalance, Check your MOtion, 
Albacete, Spain) (Figure 2), a modified version of 
the SEBT, which analyzed five lower limb excursion 
directions: anterior (SEBT-A), anteromedial (SEBT 
-AM), medial (SEBT-M), posteromedial (SEBT-PM) and 
posterolateral (SEBT-PL). The measurement system 
is based on an extending measuring tape, which is 
magnetized in each direction to an octagon-shaped 
platform. Each trial consisted of pushing the marked 
point, situated at the top of the measuring tape, with 
the toes (i.e, big toe with the exception of the medial 
direction where the head of the 5th metatarsal was 
used) as far as possible in the designated direction. 
Prior to the commencement of each trial, the mea-
suring tape was established at 30 cm, meaning it 
was placed at a minimum distance of 30 cm to start 
the excursion. Each trial was validated by a visual 
inspection to ensure that each trial was performed 
without putting the toes on the marked point, and to 
ensure that their heel remained on the anterior-pos-
terior line on the platform (the whole foot must be 
on the platform and with the heel on the border line 
of the octagon). Players were instructed to maintain 
their hands on their hips throughout the test. Warm-
up was followed by four trials with each leg (i.e., left 
stance and right stance). Three trials were allowed 
with each leg with 10 seconds of passive recovery 
between trials. The mean result of the three trials in 
each leg was utilized for subsequent analysis. 

Figure 2. Dynamic balance assessment using the modifi ed version of the Star Excursion Balance Test using the OctoBalance 
device (OctoBalance, Check your Motion, Albacete, Spain)
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Microgate, Bolzano, Italy). There were marks on the 
floor and cones, so subjects knew when to change 
of direction. For the trial to be valid, players had to 
pass the line, placed on the floor, with one foot com-
pletely at every turn. If the trail was considered a 
failed attempt, a new trial was allowed. The distance 
between each pair of cones was 0.7 m. Players per-
formed two trials separated by at least three min. 
Time in the fastest trial was recorded (Figure 3).

DATA ANALYSIS
Data are presented as mean ± SD. The distribution 
of each variable was examined with the Shapiro-
Wilk normality test. Relative reliability analysis was 
examined by the intraclass correlation coefficients 
(ICC). An ICC equal at or above 0.70 was considered 
acceptable for clinical use.23,24 To examine absolute 
reliability pairwise comparisons were first applied 
with paired t-test to assess any significant differences 
between the sessions. The magnitude of between-
session differences was also expressed as standard-
ized mean difference (Cohen effect sizes, ES). The 
criteria to interpret the magnitude of the ES were as 
follows: <0.2 trivial, >0.2 to 0.6 small, >0.6 to 1.2 
moderate, >1.2 large.25 The spreadsheet of Hopkins26 
was also used to determine the change in the mean 
between trials and the typical error of measurement 
(TEM), expressed as a CV (%). A CV of less than 5% 
was set as the criterion for reliability. Relationships 
between variables were determined using Pearson´s 
correlations. A symmetry between legs was calcu-
lated using the following formula27:

Unilateral horizontal jump (HJ) test
Unilateral horizontal jump test was measured using 
a standard measuring tape. Each subject standing 
with the toes of the designated leg positioned just 
behind a starting line (marked with tape), hands 
placed behind the back and the alternate leg flexed 
to 90° at the hip and knee. When ready, each subject 
flexed then rapidly extended the assessed leg, jump-
ing as far as possible (forward distance), and landing 
on both feet simultaneously. The point of the shoe 
closest to the starting line upon landing was used 
to determine the distance jumped. Leg swing of the 
alternate leg was not allowed. Failure to maintain 
proper technique resulted in an invalid jump (i.e., 
hands behind back, 90° flexion and leg swing). Each 
test (left and right) was performed twice, separated 
by at least 45 seconds of passive recovery, and the 
best jump was recorded and used for analysis. The 
variables used in analyses were: 1-legged left HJ 
(HJL) and 1-legged right HJ (HJR). During HJ, sub-
jects wore athletic shoes.

Speed tests
Running speed was evaluated by 25-m sprint times 
(standing start) with 5-m, 10-m and 20-m split times. 
The front foot was placed 0.5 m before the first tim-
ing gate. Time was recorded with photoelectric cells 
(Witty, Microgate, Bolzano, Italy). The 25-m sprint was 
performed twice, separated by at least three minutes 
of passive recovery. The best time was recorded for 
analysis.

180° Change of direction test
A 10-m sprint test was performed. The front foot 
was placed 0.5 m before the first timing gate (Witty, 
Microgate, Bolzano, Italy). Each player sprinted from 
the start/finish line, completely crossed the 5-m 
line with either right or left foot, and turned 180° to 
sprint back to the start/finish line. Players executed 
two valid trials with each foot, separated by at least 
two minutes, with the fastest retained for analysis. 
The variables used in analyses were COD 180° with 
left (COD180L) and right leg (COD180R).

V-cut test
In the V-cut test, players performed a 25-m sprint 
with four CODs of 45° 5 m each.. The front foot 
was placed 0.5 m before the first timing gate (Witty, 

Figure 3. The V-cut test, performed over 25 meters, with four 
changes of direction, measured using a timing gate (Witty, Micro-
gate, Bolzano, Italy)
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trial differences (ESs) were all trivial with the excep-
tion of the anterior left line (p=0.028; ES=0.2), 
anterior right line (p=0.001; ES=0.36) and medial 
left line (p<0.001; ES=0.33). All the other mea-
sures of reliability of functional movement tests 
are presented in Table 2. There were no significant 
differences (p≥0.05) between Trials 2 and 3 in any 
variable. Between-trial ESs were all trivial (ES<0.2), 
all the other measures of reliability of performance 
tests are presented in Table 3.

Correlations
The correlations between the functional move-
ment tests and performance tests are reported in 
Table 4, a moderate, negative relationship was found 
between SEBT-composite and speed tests (0-5m) 

Asymmetry = ([Right limb – Left limb)/ ½ (Right 
limb + Left limb]) x 100%

The significance level was set at p ≤ 0.05. Data were 
analyzed using PASW/SPSS Statistics 20.0 (SPSS Inc, 
Chicago, IL, USA).

RESULTS

Descriptive data
Descriptive values for functional movement tests 
and performance tests are reported in Table 1. 

Functional movement tests and performance 
tests reliability
There were no significant differences (p≥0.05) 
between Trials 2 and 3 in any variable and between-

Table 1. Descriptive values for functional movement tests and performance 
tests (n=15)

DSnaeM
Functional movement tests  

WB-DFR (cm) 11.5 2.9 
FD-BW L (cm) 10.4 4.1 
A-TBES R (cm) 58.9 3.9 
A-TBES L (cm) 58.9 4.8 
MA-TBES R (cm) 65.3 4.1 
MA-TBES L (cm) 63.8 4.5 
M-TBES R (cm) 64.0 6.8 
M-TBES L (cm) 64.7 6.1 
MP-TBES R (cm) 83.0 7.5 
MP-TBES L (cm) 81.2 6.3 
LP-TBES R (cm) 78.8 7.4 
LP-TBES L (cm) 76.7 7.9 

                                 SEBT-CompositeR (cm) 71.5 4.7 

etisopmoC-TBES L (cm) 70.2 4.9 

Performance tests  
CMJ (cm) 34.5 4.1 

CMJR (cm) 13.7 2.5 
CMJL (cm) 13.5 2.3 

HJR (cm) 149.2 9.2 
HJL (cm) 149.5 10.2 

5-m (s) 1.1 0.1 
10-m (s) 1.8 0.1 
20-m (s) 3.2 0.1 
25-m (s) 3.8 0.1 

COD180R (s) 2.6 0.1 
COD180L (s) 2.7 0.1 

V-cut (s) 7.0 0.3 
R: Right; L: Left; WB-DF: weight-bearing dorsiflexion; SEBT-A: anterior direction, SEBT-AM: 
anteromedial direction, SEBT-M: medial direction, SEBT-PM: posteromedial direction, and SEBT-PL: 
posterolateral direction; SEBT-Composite: composite; CMJ: countermovement jump; CMJR: one-legged 
vertical jump; HJ: one-legged horizontal jump; COD180R: 5+5 m sprint test with a 180° c 
hange of direction; V-cut: 25-m sprint test with 4 x 45° changes of direction. 
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and Reiser11 suggested that asymmetries and func-
tional movement impairments are most likely to be 
expressed in multiple tasks and that tests most rel-
evant to the sport should be employed in evaluation. 
Understanding these relationships and asymmetries 
can aid in proper evaluation and intervention among 
basketball players with functional asymmetries and 
performance limitations.

The WB-DF measures did not show any significant 
correlations to performance tests until asymmetries 
were evaluated. No relationship was found with 
CMJ or HJ; however, a moderate, negative relation-

(r=-0.59; p<0.05). The correlations between func-
tional movement and performance asymmetries 
are reported in Table 5, a moderate, negative rela-
tionship was found between WB-DF asymmetry and 
COD tests (r=-0.52; p<0.05).

DISCUSSION
The primary finding of the present study is that sig-
nificant correlations were detected between modified 
star excursion balance test and speed test. Moreover, 
this study provides evidence that significant cor-
relations were observed between functional move-
ment and performance asymmetries. Overmoyer 

Table 3. Measure of reliability in performance tests (n=15)
  ICC (CL90%) CV (CL90%) 

CMJ (cm) 0.94 (0.80; 0.99) 3.3 (0.80; 0.99) 
CMJR (cm) 0.96 (0.93; 0.98) 4.2 (3.5; 9.3) 
CMJL (cm) 0.91 (0.85; 0.95) 4.8 (4.2; 5.6) 
HJR (cm) 0.86 (0.77; 0.92) 3.8 (3.2; 4.8) 
HJL (cm) 0.86 (0.77; 0.92) 3.7 (3.1; 4.6) 
5-m (s) 0.73 (0.55; 0.84) 2.9 (2.4; 3.7) 
10-m (s) 0.73 (0.54; 0.85) 2.8 (2.3; 3.6) 
20-m (s) 0.84 (0.71; 0.91) 1.8 (1.5; 2.3) 
25-m (s) 0.88 (0.77; 0.93) 1.6 (1.3; 2.0) 

COD180R (s) 0.85 (0.75; 0.92) 1.7 (1.4; 2.1) 
COD180L (s) 0.78 (0.62; 0.87) 2.1 (1.8; 2.7) 

V-cut (s) 0.92 (0.87; 0.95) 1.4 (1.2; 1.7) 
ICC: intraclass correlation coefficient; CL: confidence limits; CV: coefficient of variation; CMJ: countermovement 
jump; CMJR: one-legged vertical right jump; CMJL: one-legged vertical left jump; HJR: one-legged horizontal right 
jump; HJL: one-legged horizontal left jump; COD180R: 5+5 m sprint test with a 180° change of direction with right 
leg; COD180L: 5+5 m sprint test with a 180° change of direction with right leg; V-cut: 25-m sprint test with 4 x 45° 
changes of direction. 

Table 2. Measures of reliability in functional movement tests (n=15)
  ICC (90%CL) CV (90%CL) 

WB-DFR (cm) 0.97 (0.93; 0.99) 6.6 (5.0; 11.8) 
WB-DFL (cm) 0.99 (0.97; 1.00) 7.9 (6.0; 11.7) 
SEBT-AR (cm) 0.94 (0.87; 0.98) 2.1 (1.6; 3.1) 
SEBT-AL (cm) 0.94 (0.86; 0.98) 3.0 (2.3; 4.4) 

SEBT-AMR (cm) 0.85 (0.66; 0.94) 3.1 (2.4; 4.6) 
SEBT-AML (cm) 0.91 (0.79; 0.96) 3.0 (2.3; 4.4) 
SEBT-MR (cm) 0.94 (0.85; 0.97) 3.3 (2.5; 4.8) 
SEBT-ML (cm) 0.97 (0.94; 0.99) 2.1 (1.6; 3.0) 

SEBT-PMR (cm) 0.93 (0.84; 0.97) 2.2 (1.7; 3.3) 
SEBT-PML (cm) 0.94 (0.86; 0.98) 2.4 (1.9; 3.6) 
SEBT-PLR (cm) 0.97 (0.92; 0.99) 2.3 (1.8; 3.4) 
SEBT-PLL (cm) 0.97 (0.93; 0.99) 2.5 (1.9; 3.7) 

ICC: intraclass correlation coefficient; CL: confidence limits; CV: coefficient of variation. R: Right; L: Left; 
WB-DF: weight-bearing dorsiflexion; SEBT-A: anterior direction, SEBT-AM: anteromedial direction, SEBT-
M: medial direction, SEBT-PM: posteromedial direction, and SEBT-PL: posterolateral direction; SEBT-
Composite: composite of all directions.
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onstrating that greater dynamic reach relates to 
decreased quickness and acceleration among these 
elite basketball athletes.  One kinematic factor that 
influences sprinting speed is the large ROM at the 
hip.20 Greater reach in the SEBT tasks suggests a pos-
sibility of greater range of motion at the hip, which 
might foster faster sprint performance. In addition, 
activation of muscles surrounding the hip, including 
the biceps femoris and hamstrings, may be required 
for performance of the SEBT reaches and sprinting 
performance.29-31 However, the current data sug-
gest the opposite to be occurring. Greater reaches 
are related to slower run times (poor performance). 
Pruyn et al.32 demonstrated that higher levels lower-
body stiffness possibly advantageous when perform-
ing rapid, ballistic movements like running and 
jumping.  It was suggested that increased stiffness 

ship was found between WB-DF asymmetry and 
COD tests (r=-0.52). Thus, asymmetries in weight 
bearing dorsiflexion related to a reduction in COD 
performance, a factor of great importance to elite 
basketball performance. Dorsiflexion of the ankle is 
important in multi-directional running tasks in order 
to facilitate ground clearance and preparation for 
foot impact.20,28 Therefore, limited performance on 
the WB-DF test would suggest potential movement 
impairment that could alter movement mechanics 
in multi-directional running tasks.

SEBT data demonstrated various moderate, signifi-
cant relationships to performance measures, primar-
ily in 0-5m, 0-10m, and 0-20m sprint times. Both left 
and right excursion scores during SEBT related to 
slower performance times during sprint test, dem-

Table 4. Correlations between functional movement and performance tests (n=15)

CMJR HJR 0-5m 0-
10m 

0-
20m 

0-
25m COD180R V_cut

Pearson 0.265 0.333 0.335 0.095 0.050 -0.049 0.125 0.067 WB-DFR P 0.340 0.225 0.222 0.736 0.858 0.862 0.657 0.820 
Pearson -0.381 -0.266 0.560* 0.392 0.388 0.242 0.205 0.250 SEBT-AR P .0162 0.339 0.030 0.149 0.153 0.385 0.463 0.388 
Pearson -0.395 -0.188 0.680** 0.551* 0.532* 0.406 0.117 0.239 SEBT-AMR P 0.145 0.503 0.005 0.033 0.041 0.133 0.678 0.410 
Pearson 0.022 0.173 0.535* 0.362 0.352 0.293 0.257 0.337 SEBT-MR P 0.939 0.538 0.040 .185 0.198 0.290 0.355 0.239 
Pearson 0.126 -0.021 0.484 0.560* 0.443 0.398 0.265 0.311 SEBT-PMR P 0.654 0.940 0.068 0.030 0.098 0.142 0.339 0.279 
Pearson 0.265 0.344 0.318 0.227 0.150 0.080 0.038 0.126 SEBT-PLR P 0.340 0.210 0.247 0.416 0.593 0.777 0.893 0.669 
Pearson -0.010 0.032 0.584* 0.516* 0.434 0.330 0.189 0.278 SEBT-CompositeR P 0.972 0.910 0.022 0.049 0.106 0.230 0.499 0.336 

CMJL HJL 0-5m 0-
10m 

0-
20m 

0-
25m COD180L V_cut

Pearson -0.018 0.192 0.488 0.293 0.243 0.18 0.335 0.373 WB-DFL P 0.949 0.493 0.065 0.29 0.384 0.52 0.222 0.189 
Pearson -0.486 -0.03 0.560* 0.302 0.325 0.225 0.633* 0.485 SEBT-AL P 0.067 0.914 0.03 0.275 0.238 0.42 0.011 0.079 
Pearson -0.299 0.101 0.650** 0.457 0.405 0.287 0.472 0.483 SEBT-AML P 0.279 0.72 0.009 0.087 0.134 0.299 0.076 0.08 
Pearson -0.294 0.136 0.563* 0.316 0.312 0.268 0.493 0.552*

SEBT-ML P 0.287 0.628 0.029 0.252 0.257 0.334 0.062 0.041 
Pearson -0.012 0.229 0.506 0.396 0.287 0.234 0.224 0.415 SEBT-PML P 0.966 0.411 0.054 0.144 0.299 0.401 0.421 0.14 
Pearson 0.16 0.356 0.363 0.203 0.109 0.057 0.099 0.256 SEBT-PLL P 0.569 0.193 0.183 0.469 0.698 0.84 0.726 0.377 
Pearson -0.127 0.234 0.597* 0.388 0.31 0.22 0.376 0.461 SEBT-CompositeL P 0.652 0.402 0.019 0.152 0.261 0.431 0.167 0.097 

R: Right; L: Left; WB-DF: weight-bearing dorsiflexion; SEBT-A: anterior direction, SEBT-AM: anteromedial direction,
SEBT-M: medial direction, SEBT-PM: posteromedial direction, and SEBT-PL: posterolateral direction; SEBT-Composite:
composite of all directions;  CMJR: one-legged vertical right jump; CMJL: one-legged vertical left jump; HJR: one-legged
horizontal right jump; HJL: one-legged horizontal left jump; COD180R: 5+5 m sprint test with a 180° change of direction
with right leg; COD180L: 5+5 m sprint test with a 180° change of direction with right leg; V-cut: 25-m sprint test with
4 x 45° changes of direction.* p <0.05; ** p <0.01. 
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sports such as soccer, rugby, and lacrosse, may dif-
fer in their performance in shorter, acceleration-type 
testing thus creating possible differences in correla-
tions to dynamic reach.

The negative relationship between CMJ and asym-
metries in SEBT-A, SEBT-AM, and SEBT-Composite 
suggests that dynamic balance and reach differ-
ences between legs may cause a reduction in jump-
ing performance. Leg stiffness may influence stored 
elastic energy and optimization of performance dur-
ing a jumping task in older individuals.33 Decreased 
dynamic reach in the excursion task in one leg may 
signal excessive stiffness and less elastic energy 
potential in that leg which would result in decreased 
jump performance.  

The current data suggest that both functional and 
performance testing can provide the practitioner 
with useful information. It does not appear possible 
to simply replace performance tests with specific 
functional testing, nor do a small number of func-
tional tests provide the strength and conditioning 

may enhance the ability to store and release elas-
tic energy during stretch-shortening cycle move-
ments. The current data seem to support that theory 
as sprint times were slower in those athletes with 
greater lower-body ROM. There may, in fact, be an 
optimal amount of flexibility that fosters higher lev-
els of sprinting performance with too much or too 
little ROM inhibiting performance.

Left anterior excursion measures showed a significant, 
moderate relationship to COD180 (r=0.63) scores 
while left medial excursion showed a correlation to 
the V-cut test (r=0.55). Lockie et al.20 conducted a 
similar study with field sport athletes and found that 
longer reach distances in excursion tests were related 
to COD tasks such as the T-test. However, they did not 
find significant correlations between excursion tests 
and short distance speed tests (10m and 20m) but did 
find moderate correlations to 40m sprint speed. The 
difference between these findings may be the ath-
letes used in each study. Basketball players, confined 
to a smaller court area as compared to larger field 

Table 5. Correlations between functional movement and performance asymmetries (n=15)

CMJ_% asymm HJ_% asymm COD180_% 
asymm 

Pearson -0.490 -0.051 -.523* WB-DF % asymm 
P 0.064 0.856 0.045 

Pearson -0.520* -0.22 0.08 SEBT-A_% asymm 
P 0.047 0.426 0.787 

Pearson -0.773** -0.18 -0.19 
SEBT-AM_% asymm 

P 0.001 0.532 0.505 

Pearson -0.142 -0.037 0.320 SEBT-M_% asymm 
P 0.613 0.896 0.245 

Pearson -0.422 0.080 0.347 
SEBT-PM_% asymm 

P 0.117 0.778 0.205 

Pearson -0.280 0.023 0.052 SEBT-PL_% asymm 
P 0.312 0.934 0.855 

Pearson -0.583* -0.056 0.141 
SEBT-Composite_% asymm 

P 0.023 0.842 0.616 

Asymm: asymmetry; CMJ: countermovement jump; HJ: horizontal jump; COD180: 5+5 m sprint with a 
180 change of direction; WB-DF: weight-bearing dorsiflexion; SEBT-A: anterior direction, SEBT-AM: 
anteromedial direction, SEBT-M: medial direction, SEBT-PM: posteromedial direction, and SEBT-PL: 
posterolateral direction; SEBT-Composite: composite of all directions. * =significant at  p <0.05; ** 
= significant at p <0.01.



The International Journal of Sports Physical Therapy | Volume 10, Number 5 | October 2015 | Page 637

or rehabilitation professional with all needed infor-
mation regarding functional limitations. The com-
bination of various functional tests, asymmetries 
in those functional tests, and standard performance 
measures provides useful information regarding 
performance limitations and potential injury risks. 
Screening for asymmetries may offer predictive 
value with regards to sport injuries34,35, but the spe-
cific screens and the overall sensitivities and speci-
ficities as well as predictive values need to be further 
evaluated. This results of this study demonstrate the 
potential value for the use of modified excursion 
testing as well as dorsiflexion testing among basket-
ball players.  More research is needed to identify key 
connections to injury risk as well as strategies for 
integrating the data collected from a blended testing 
battery towards the goal of improving performance 
and limiting injury risk. 

The present study has some limitations. First, the 
sample size was small. For this reason, the effect 
size was analyzed to determine the magnitude of the 
effect independent of the sample size. Secondly, the 
authors have tested only elite male basketball play-
ers (~15 years). Further studies with athletes from 
different sports and of various ages are required to 
further understand the relationships between func-
tional movement testing and performance testing. 

CONCLUSIONS
The various relationships between dynamic func-
tional movement testing, speed, and jump perfor-
mance provides guidance for the professional when 
conducting and evaluating data in an effort to improve 
performance and reduce risk of injury. The results 
of the present study suggest that although some rela-
tionships exist between tests, the studied functional 
and performance tests do not measure the same com-
ponents of human movement, and could be paired as 
outcome measures for the clinical and sport assess-
ment of lower extremity function. Additionally, asym-
metries in weight bearing dorsiflexion were related to 
decreased performance in change of direction tasks 
and greater range of motion was related to decreased 
sprint performance in some tests. To support elite 
levels of performance in basketball, strength and 
conditioning specialists should conduct a variety of 
dynamic functional movement tests, sport-specific 
performance tests, and conduct evaluations to exam-

ine each athlete’s limitations. Training programs that 
foster appropriate dynamic range of motion and mus-
cular symmetry may be designed based on testing 
data to  influence performance. Further research is 
needed to identify the optimal degree of ROM and 
symmetries that foster optimal performance.
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ABSTRACT
Study Design: Cohort study of subjects with insertional Achilles tendinopathy (IAT). 

Objectives: The purpose of this study was to establish the minimum clinically important difference (MCID) on the Victo-
rian Institute of Sport Assessment - Achilles Questionnaire (VISA-A) and the Lower Extremity Functional Scale (LEFS) for 
patients with IAT. 

Background: The VISA-A and LEFS are two measures commonly utilized for patients with IAT. Previous authors have esti-
mated the MCID for the VISA-A, but a MCID has not been formally established. The MCID for the LEFS has been established 
for patients with lower extremity conditions in general, but it is not clear if this MCID is applicable to patients with IAT. 

Methods: Fifteen subjects participating in a randomized controlled trial studying the effectiveness of intervention for IAT 
over a 12-week period were included in this study. Subjects completed the VISA-A and LEFS forms at baseline and 12 weeks 
after the initiation of treatment. All subjects also completed a 15-point global rating of change (GROC) questionnaire at 12 
weeks after the initiation of treatment. Subjects were classified as improved or stable based on their GROC scores. 

Results: The area under the curve (AUC) for the VISA-A was 0.97 and a MCID of 6.5 points was identified. The AUC for the 
LEFS was 0.97 and a MCID of 12 points was identified.

Conclusion: The VISA-A and LEFS are both useful outcome measures to assess response in patients with IAT. 

Level of Evidence: 3

Keywords: Achilles tendinopathy, LEFS, MCID, VISA-A
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INTRODUCTION
Achilles tendinopathy is the most common cause 
of posterior heel pain with a reported prevalence of 
11-18%.1-3 Whereas runners represent the group most 
likely to develop Achilles tendinopathy, it can also 
occur in any other type of athlete as well as in seden-
tary individuals.4,5 Achilles tendinopathy is typically 
classified as insertional or mid-portion based on the 
location of pain; insertional Achilles tendinopathy 
(IAT) causes pain at or near the point where the 
Achilles tendon attaches to the posterior calcaneus 
while mid-portion Achilles tendinopathy causes pain 
2-7 cm proximal to the calcaneal attachment.6

The Victorian Institute of Sport Assessment – Achil-
les questionnaire (VISA-A) is a self-administered 
form that is commonly used to evaluate the severity 
of Achilles tendinopathy and to monitor outcomes 
after treatment.7,8 It has previously been shown to 
be valid, reliable (r = 0.90 to 0.93), and clinically rel-
evant.7, 8 VISA-A scores range from 0 - 100 with higher 
scores indicative of better function. A score of 90 
has been reported to represent full recovery follow-
ing Achilles tendinopathy.7,9 The Lower Extremity 
Functional Scale (LEFS) is another valid and reliable 
(r = 0.86 to 0.94) self-report questionnaire used to 
assess the function of patients with lower extremity 
orthopedic conditions, including Achilles tendinopa-
thy.10 Scores on the LEFS can range from 0-80 with 
higher scores representing better function.10

In order for an outcome tool to be the useful for 
clinicians and researchers, the minimum clini-
cally important difference (MCID) should be estab-
lished. The MCID is defined as the smallest change 
on a scale that would be considered important to a 
patient.11-13 The MCID allows clinicians to evaluate 
pre- and post-treatment outcome scores to deter-
mine if the amount of change that occurred would 
be perceived as meaningful.13 The MCID is useful to 
researchers when determining sample size require-
ments for studies and when examining results for 
clinical importance.13 In regards to the VISA-A, no 
MCID has been formally established, but it has been 
estimated to fall between 12 and 20 points.7,14-16 The 
MCID for the LEFS has been previously reported 
as 9 points.10 However, this MCID was established 
for patients with a variety of lower extremity condi-
tions and the study did not include any subjects with 

Achilles tendinopathy.10 Therefore, a specific MCID 
for Achilles tendinopathy may be useful.

There have been several methods described for iden-
tifying an MCID though the most commonly used 
methods compare the change score on a scale to an 
external standard of clinically meaningful change.6 
The most commonly used external standard is the 
Global Rating of Change scale (GROC) and recent 
research has supported the validity of this method.6,8 

The GROC requires patients to rate the change in 
their symptoms on a 15-point scale (-7 to +7) and 
ratings of +4 (moderately better) or higher have 
been proposed to represent clinically meaningful 
improvement.1,6,8

The purpose of this study was to establish the MCID 
on two patient reported outcome assessments com-
monly used for patients with Achilles tendinopathy. 
Specifically, the authors’ sought out to determine 
the MCIDs on the VISA-A and the LEFS for patients 
with IAT. 

METHODS
This study was performed as part of randomized 
controlled trial examining the effects of Astym® 
and eccentric exercise in the management of IAT. 
The study was approved by the Institutional Review 
Boards at Rocky Mountain University of Health Pro-
fessions and Indiana University Health Ball Memo-
rial Hospital. All subjects signed an informed consent 
form prior to participation, and the rights of the sub-
jects were protected. All aspects of this study took 
place at an Indiana University Health Ball Memo-
rial Hospital outpatient rehabilitation clinic between 
December 2013 and December 2014. 

Subjects
Fifteen subjects over the age of 18 years with IAT 
participated in this study (Table 1). Inclusion criteria 
include the following: diagnosis of IAT as a primary 
complaint, symptom duration of at least six weeks, 
and a VISA-A score of 78 or lower. Exclusion criteria 
consisted of: prior treatment with eccentric exercise 
or Astym® for Achilles tendinopathy, currently taking 
anticoagulant medication, previous Achilles surgery 
on the involved side, bilateral symptoms, workers’ 
compensation or liability cases, peripheral neu-
ropathy, pregnancy, signs of lumbar radiculopathy, 
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inability to complete the required outcomes forms or 
comply with the recommended treatment regimen.

The presence of IAT was clinically determined by 
the primary investigator using the following crite-
ria: pain at or within two centimeters of the poste-
rior calcaneal insertion of the Achilles tendon along 
with localized tenderness and a subjective report 
of decreased activity levels secondary to Achilles 
pain.17, 18 Subjects were allowed to have additional 
pathology such as Haglund’s deformity, bone spurs, 
calcium deposits, and bursa pathology.19  

Procedures
Subjects were randomly assigned to one of two treat-
ment groups. One group performed a previously 
described eccentric exercise program designed 
for patients with IAT.20 The second group received 
Astym® treatment for up to 12 visits in addition to 
performing the same eccentric exercise program. 
Outcomes, including the VISA-A and LEFS, were 
assessed at baseline, four weeks, eight weeks, and 
12 weeks. For the purposes of this study, baseline 
and 12 week scores were utilized. A 15-point GROC21 
questionnaire was also completed by subjects at the 
12 week follow up period. Subjects with scores of 
+4 or higher were considered to have experienced 
a clinically important improvement.13, 21, 22 Subjects 
with scores of +3 or lower were considered to have 
not experienced a clinically important improvement. 

Statistical Analysis 
Statistical analyses were performed using SPSS Ver-
sion 22.0 (SPSS Inc, Chicago, IL). A receiver operating 

characteristic (ROC) curve was created using VISA-A 
change scores from baseline to 12 weeks and dichoto-
mous status on the GROC (+4 and higher, +3 and 
lower). The point on the curve nearest the upper left 
hand corner was selected as the cut off score for the 
MCID to maximize sensitivity and specificity.13 The 
same procedure was repeated using LEFS change 
scores from baseline to 12 weeks.   

RESULTS
A total of 15 subjects completed the study. The mean 
GROC score was 4.7 (SD = 2.0). Three subjects were 
classified as remaining stable (+3 and lower on the 
GROC), while 12 subjects were classified as improv-
ing (+4 and higher on the GROC). Baseline charac-
teristics as well as follow up scores on the VISA-A 
and LEFS are presented for the stable and improved 
groups in Table 1. 

The area under the curve (AUC) for the VISA-A was 
0.94 (CI95% = 0.85-1.0) (Figure 1). The cutoff selected 
for the MCID was 6.5 points (sensitivity = 0.92, 
specificity = 1.0) (Figure 2). The AUC for the LEFS 
was 0.97 (CI95% = 0.89-1.0) (Figure 3). The cutoff 
selected for the MCID was 12 points (sensitivity = 
0.92, specificity = 1.0) (Figure 4).

DISCUSSION
This is the first study that has prospectively sought 
out to identify the MCID of two commonly utilized 
self-report outcome measures for patients with IAT. 
In the current study a MCID of 6.5 points was iden-
tified for the VISA-A and of 12 points for the LEFS. 
Additionally, the relatively high AUC for both the 

Table 1. Baseline Demographics and Clinical Characteristics of Subjects

Stable (n=3) Improved (n=12) p-value

Gender (M/F) 1/2 3/9 0.77

Age (SD) 52.7 (9.7) 53.5 (9.1) 0.89

BMI 41.6 (13.7) 36.4 (7.4) 0.37

Dura�on of symptoms in weeks (SD) 16.3 (10.0) 23.2 (13.6) 0.44

Smoker 0 1 0.61

Diabetes 1 2 0.52

VISA-A baseline(SD) 36.3 (22.4) 38.5 (18.1) 0.86

12 week VISA-A (SD) 39.3 (20.6) 72.3 (19.9) 0.02

LEFS baseline (SD) 48.0 (15.7) 41.3 (12.0) 0.45

12 week LEFS (SD) 51.7 (11.5) 63.5 (10.6) 0.11

Abbreviations: SD = standard deviation  
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The VISA-A is a commonly utilized outcome measure 
for patients with both insertional and mid-portion 
Achilles tendinopathy. Although no studies have spe-
cifically been conducted to identify the MCID for the 
VISA-A, previous authors estimated it to fall between 
12 and 20 points.7,14-16 However, the authors of a recent 
systematic review suggested that an accurate estimate 
could not be established based on existing research.7 

VISA-A (0.94) and the LEFS (0.97) confirm that these 
are useful outcome measures for this population. 
Even at the lower bounds of the confidence intervals 
(0.85 and 0.89), these outcome measures would be 
considered useful.

Change in 

LEFS score Sensitivity 1 - Specificity 

-1.0000 1.000 1.000 

4.0000 1.000 .333 

9.5000 .917 .333 

12.0000 .917 .000 

15.5000 .833 .000 

18.5000 .667 .000 

20.5000 .583 .000 

23.0000 .500 .000 

24.5000 .417 .000 

26.0000 .333 .000 

27.5000 .167 .000 

33.0000 .083 .000 

39.0000 .000 .000 

Change in 

VISA-A Score Sensitivity 1 - Specificity 
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1.5000 1.000 .667 

2.5000 .917 .667 

4.0000 .917 .333 

6.5000 .917 .000 
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Figure 1. ROC for the VISA-A Figure 3. ROC for the LEFS 

Figure 4. ensitivity and 1-Specifi city Values Identifi ed for 
the LEFS at Multiple Cut Off Points 

Figure 2. Sensitivity and 1-Specifi city Values Identifi ed for 
the VISA-A at Multiple Cut Off Points
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patients with IAT that are able to accurately discrim-
inate between individuals who improve over time 
and individuals who remain stable. The MCIDs of 
6.5 points for the VISA-A and an MCID 12 points for 
the LEFS were identified. These cut-off points can 
be utilized as indicators of response to treatment for 
individuals with IAT. However, this should be inves-
tigated further with a larger cohort of patients to 
determine if similar results can be obtained. 
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ABSTRACT
Background: High level throwing performance requires the development of effective muscle activation 
within shoulder girdle muscles particularly during forceful internal rotation (IR) motions. 

Study Design: Controlled Laboratory Descriptive Study

Purpose: To investigate activation pattern of 16 shoulder girdle muscles/muscle sub-regions during three 
common shoulder IR exercises.

Methods: EMG was recorded in 30 healthy subjects from 16 shoulder girdle muscles/muscle sub-regions (sur-
face electrode: anterior, middle and posterior deltoid, upper, middle and lower trapezius, serratus anterior, 
teres major, upper and lower latissimus dorsi, upper and lower pectoralis major; fine wire electrodes: supraspi-
natus, infraspinatus, subscapularis and rhomboid major) using a telemetric EMG system. Three IR exercises 
(standing IR at 0� and 90� of Abduction, and IR at Zero-Position) were studied. EMG amplitudes were normal-
ized to EMGmax (EMG at maximal IR force in a standard position) and compared using one-way repeated-
measures analysis of variance (ANOVA).

Results: There were significant differences in muscles’ activation across IR exercises (p<0.05–p<0.001). 
Rotator cuff and deltoid muscles were highly activated during IR at 90o of Abduction. Latissimus dorsi exhib-
ited markedly higher activation during IR at Zero-Position. While upper trapezius had the highest activation 
during IR at Zero-Position, middle and lower trapezius were activated at highest during IR at 90o of Abduction. 
The highest activation of serratus anterior and rhomboid major occurred in IR at Zero-Position and IR at 90o 
of Abduction, respectively. 

Conclusions: Studied exercises have the potential to effectively activate glenohumeral and scapular muscles 
involved in throwing motions. Results provide further evidence for developing rehabilitation, injury preven-
tion, and training strategies. 

Keywords: Electromyography; Internal Rotation Exercises; Rehabilitation; Shoulder Muscle Activation

Level of Evidence: 4, Controlled laboratory study
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INTRODUCTION 
The glenohumeral joint (GHJ) is the most mobile 
joint in the human body due to its bony structure 
which requires the coordinated activation of shoul-
der complex musculature to achieve functional 
stability during movements.1 The activation of key 
rotator cuff (RC) muscles is a fundamental contribu-
tor to shoulder joint stability (centring the humeral 
head into the glenoid) and efficient force develop-
ment during arm elevation and overhead activities 
such as throwing.2-4 The parts of the deltoid work 
along with the RC to develop force couples required 
for arm motion during elevation and rotation. Pec-
toralis major, latissimus dorsi, and teres major pro-
duce coordinated adduction moments during GHJ 
elevation and abduction. Concurrent activation of 
these muscles and the subscapularis stabilize the 
GHJ inferiorly.5 

A synchronized contribution from scapular muscula-
ture is also critical for optimal positioning, stability, 
and functioning of the shoulder complex. In addition 
to linking the upper extremity and trunk, the scapula 
provides insertion points for several muscles involved 
in scapulohumeral and scapulothoracic motions.6,7 
Scapular stabilizers play substantial roles in maintain-
ing the center of glenohumeral rotation during arm-
scapula-trunk motion, raising the acromion during 
glenohumeral rotation to increase subacromial space, 
and transition of forces from the feet to the hand by 
kinetically linking the upper extremity to the trunk. 

During rotational motions, a coordinated balance 
between mobility and functional stability is essential 
for the safe transmission of the high forces placed on 
the shoulder complex. Yet, repetitive forceful move-
ments may impose stress on the GHJ beyond the 
physiologic limits of composing tissues and lead to 
injury. For example, cadaveric studies have shown 
that vigorous abduction and external rotation (e.g. 
late cocking phase of throwing motion) in the pres-
ence of decreased subscapularis muscle force can 
lead to forceful internal impingement due to signifi-
cant increase in GHJ contact pressure.8 Furthermore, 
biceps pulley lesions caused by repetitive forceful IR 
above the horizontal plane can potentially lead to 
internal impingement by causing frictional impair-
ment between the pulley system and the subscapu-
laris tendon and the anterior superior glenoid rim.9,10 

Earlier electromyography (EMG) studies have doc-
umented shoulder girdle muscle activation during 
common internal rotation (IR) exercises to support 
the development of evidence-based rehabilitation 
and injury prevention programs.2,6,11 The results, 
however, remain inconclusive and uncertainty exists 
regarding optimal IR exercises that elicit optimal 
activation and strengthening of key shoulder girdle 
muscles. Furthermore, the majority of previous stud-
ies compared the EMG activity of a limited number 
of muscles during exercises.

There is, thus, a lack of comprehensive data regard-
ing shoulder musculature activation strategies 
during common internal rotation exercises. This 
knowledge would guide the planning of effective 
training programs, and establish a base of evidence 
for developing optimal rehabilitation and training 
programs for overhead athletes with and without 
shoulder pathology. The purpose of this study was 
to provide such a knowledge base by comprehensive 
measurement of the EMG activity of 16 shoulder 
girdle muscles/muscle segments during commonly 
prescribed shoulder IR exercises.

METHODS

Participants
Thirty healthy volunteers (15 male; 15 female) with 
normal upper limb clinical examination and no his-
tory of upper limb painful conditions were recruited 
for participation in the study. The mean (±SD) age, 
height and weight for the whole group was 33.1±9.9 
y, 1.71±0.08 m, and 70.5±12.7 kg, respectively. 
This study received approval from local research 
ethics committee and written informed consent was 
obtained from participants. The data were collected 
in a university laboratory setting.

EMG Measurements
Signal acquisition, processing and analysis were 
performed using a TeleMyo 2400 G2 Telemetry 
System (Noraxon Inc., Arizona; USA). Signals were 
differentially amplified (CMRR>100 dB; input 
impedance>100 Mohm; gain 500 dB), digitized at a 
sampling rate of 3000 Hz and band-pass filtered at 
10-500 Hz and 10-1500 Hz for surface and fine-wire 
electrodes, respectively. A cancellation algorithm 
was applied to remove ECG signal contamination. 
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Disposable Ag/AgCl bipolar surface electrodes with 
10mm conducting area and 20mm inter-electrode 
distance (Noraxon Inc., Arizona, USA) were used to 
record the EMG from anterior, middle, and posterior 
deltoid (AD, MD, PD, respectively), upper, middle and 
lower trapezius (UT, MT, LT, respectively), upper and 
lower latissimus dorsi (ULD, LLD, respectively), upper 
and lower pectoralis major pectoralis major (UPM, 
LPM, respectively), serratus anterior (SA), and teres 
major (TM), consistent with established guidelines 
(SENIAM).12,13 Bipolar hooked fine-wire electrodes 
(Nicolet Biomedical, Division of VIASYS, Madison, 
USA) were used to record signals from supraspinatus 
(SSP), infraspinatus (ISP), subscapularis (SUBS), and 
rhomboid major (RHOM) according to Basmajian and 
DeLuca.14 The dominant shoulder was tested in all 
participants. Figure 1 demonstrates the relative loca-
tions of surface and fine-wire EMG electrodes. 

Raw EMG signals from ten IR exercise cycles (the 
first and last IR exercise cycles were omitted) were 
full-wave rectified and smoothed (100 ms root mean 
square [RMS]). For normalization purpose, EMGmax 

was recorded during a standardized production of 
maximal IR force (MVC) using a shoulder Notting-
ham Mecmesin Myometer with an accuracy of ±0.1 
% of full-scale and 1,000 N capacity (Mecmesin Ltd., 
Slinfold, UK) while seated, shoulder in a neutral posi-
tion, elbow in 90o flexion tucked to the side of body, 
and forearm in neutral position. Data were collected 

during three 5-second contractions, and the average 
of three trials was taken as EMGmax which was used 
as a reference value for EMG amplitude normaliza-
tion during IR exercises.

Exercises
Exercises are demonstrated in Figure 2. Participants 
were tested for three shoulder IR exercises in a 
random order: isotonic standing IR at 0o and 90o of 
abduction (IR at 0oABD and IR at 90oABD) and IR at 
Zero-Position (Zero rotation of the humerus with arm 
elevated 155o in the scapular plane and elastic resist-
ance applied against IR as described by Saha).15 This 
particular exercise was chosen as during the cocking 
phase of throwing motion, the arm in moved into 
external rotation past the zero position; and then 
during the acceleration the arm is moved into for-
ward internal rotation past the zero position again.16 
Each exercise was accurately demonstrated and 
participants were allowed time to familiarize them-
selves with the exercise. Participants performed 12 
cycles of each exercise using either a 1 kg dumbbell 
in hand (IR at 0oABD and IR at 90oABD) or an elas-
tic band (IR at Zero-Position) according to a metro-
nome set at 60 beats per minute (each concentric 
and eccentric phase was performed during 1 beat). 
All participants were given a period of three-minute 
rest between each set of exercises to minimise the 
impact of fatigue on measurements. 

Figure 1. Location of all electrode placement for EMG data collection. Gray circles indicate surface electrodes, black diamonds 
indicate intramuscular electrodes 
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Deltoids: The highest activation of AD, MD, and 
PD occurred in IR at 90oABD followed by IR at Zero-
Position; both significantly higher than IR at 0oABD 
(p<0.001). Collective deltoid (AD+MD+PD) acti-
vation in IR at 90oABD and IR at Zero-Position was 
also markedly higher than IR at 0oABD (346.4% vs. 
252.2% vs. 49.7%; p=0.006 - <0.001).

Rotator Cuff: The activity of SSP, ISP, and SUBS in IR 
at 90oABD was significantly higher than IR at 0oABD 
(p<0.05-<0.001). They also showed a similar trend 
towards higher muscle activity higher activation in IR 
at Zero-Position, but this difference was not statistically 
significantly different. As a group (SSP+ISP+SUBS), 
higher activation occurred in IR at 90oABD compared 
to other exercises (325.0% vs. 94.0-188.3%; p<0.05).

Pectoralis Major: UPM and LPM activation did 
not vary across exercises. Both segments showed a 

Data analyses
Descriptive statistics are presented as mean + stan-
dard deviation (SD) or standard error of the mean 
(SEM), as appropriate. A one-way repeated-mea-
sures analysis of variance (ANOVA) was used to 
determine the main effect of IR exercises on each 
muscle’s activity. A Bonferroni post-hoc test was 
then applied for the comparative pair-wise analy-
sis of mean normalized EMG (%EMGmax) to detect 
significant differences in the activation of muscles 
across three exercises. The alpha level for statisti-
cal significance was set at p<0.05. SPSS release 20.0 
for Windows (Armonk, NY: IBM Corp.) was used for 
statistical analysis.

RESULTS 
Table 1 and Figure 3 present and compare the activa-
tion of muscles during IR exercises.

Figure 2. Exercise utilized for EMG data collection.  Left= Standing IR at 0 degrees, middle= Standing IR at 90 degrees, right= 
IR at Zero position 
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Rhomboid Major: RM had the highest activation 
in IR at 90oABD compared to other IR exercises 
(p<0.001). The activity was also markedly higher 
in IR at Zero-Position compared to IR at 0oABD 
(p<0.05). 

DISCUSSION
The results of the present study provide additional 
support for the use of these common IR exercises. 
Furthermore, the results illustrate novel strategies 
for the selective activation of shoulder complex 
muscles during specific exercises, which may be 
helpful during implementation in training, injury 
prevention, and rehabilitation programs. 

Optimal performance of shoulder complex during 
both daily activities and sporting movements neces-
sitates appropriately balanced activation of muscles 
responsible for shoulder mobility and functional sta-
bility.1,3,7,17 The high occurrence of shoulder complex 
injuries highlights the need for implementation of 
sound evidence in developing rehabilitation, injury 
prevention, and training strategies.1,2,6,15 

Current shoulder rehabilitation strategies give empha-
sis to correcting muscle imbalances and strength defi-

trend towards higher muscle activity during IR at 
Zero-Position, but were not statistically significantly 
different. 

Latissimus Dorsi: ULD had the highest activation 
in IR at Zero-Position, significantly higher than IR at 
0oABD (p<0.05) followed by IR at 90oABD. The activ-
ity of LLD and combined segments (ULD+LLD) was 
similar across exercises. 

Teres Major: There was no significant difference 
across exercises.

Trapezius: Highest UT activation occurred in IR at 
Zero-Position followed IR at 90oABD, both signifi-
cantly higher than IR at 0oABD (p<0.001). MT and 
LT were activated considerably more in IR at 90oABD 
compared to other two exercises (p<0.001). MT acti-
vation was also higher in IR at Zero-Position than IR 
at 0oABD (p<0.05). Collective activation of the trape-
zius muscles (UT+MT+LT) was markedly higher in 
both IR at 90oABD and IR at Zero-Position compared 
to IR at 0oABD (230.2% vs. 64.3-158.8%; p<0.001). 

Serratus Anterior: The highest SA activation 
occurred in IR at Zero-Position which was markedly 
higher than IR at 0oABD (p<0.05). 

Table 1. The normalized mean muscle activation (%EMGmax ± SEM) during IR exercises
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tors such as SUBS and pectoralis muscles.22-24 More-
over, there is growing interest in applying exercises 
in sport-specific positions that reflect capsular strain 
and muscular length-tension relationships through-
out the shoulder complex during sport competi-
tion (e.g. ER and IR at 90oABD) in order to facilitate 
enhanced functional rehabilitation.23,25 

Glenohumeral Muscles
In the present study, the highest activation of all 
deltoid sub-regions was found in IR at 90oABD fol-
lowed by IR at Zero-Position. This is consistent with 
the role of MD and AD during dynamic arm abduc-
tion and with role of PD as humeral abductor and 
compressor in higher degrees (>80o) of abduction.5 
This high activation of PD is contradictory to the 
reports of its ineffectiveness in generating abduc-
tion forces.26,27 Hughes and An28 reported a minimal 
force generation of 2 N for PD compared to 434 N for 
MD and 323 N for AD when the arm is positioned 
at 90oABD. It is generally suggested that exercises 
producing high levels of deltoid activity (MD in par-
ticular) are disadvantageous for majority of patients 
and athletes with shoulder injury due to significant 
impact on superior humeral head migration.17,23 

Similar to deltoids, RC muscles including SSP, ISP, 
and SUBS had their highest activation in IR at 90oABD 
followed by IR at Zero-Position. Jenp et al29 reported 
substantial activity in the SSP during shoulder IR. 
The activation patterns in the deltoids and RC dem-
onstrated in the current study indicate a balanced 
motor strategy with similar contribution from both 
muscle groups for both stability (maintaining central 
position of the humeral head within the glenoid) and 
dynamic mobility of the GHJ in abducted positions. 
In order to counterbalance the impact of AD and MD 
activation on superior translation of the humeral 
head during shoulder abduction,5 SUBS and ISP acti-
vation generates an inferior force which serves to 
minimize the risk of subacromial impingement.30 

While standing IR at 90oABD effectively activated 
both deltoid and RC muscles and may have func-
tional advantages by replicating overhead and sport-
specific positions,31 the blend of abduction and 
rotation can impose high levels of stress on shoul-
der’s ligaments and capsulolabral complex.25 In the 
presence of RC pathology it is important to select 

ciencies through selectively activating dysfunctional 
muscles. Considering that a low ER/IR ratio has been 
suggested as a key risk factor for shoulder injuries,18,19 
several investigators have studied muscle activation 
patterns during shoulder rotational exercises, with 
inconsistent results.11,20-22 EMG studies of IR exercises 
have mainly focused on the principal internal rota-

Figure 3. Amplitude means expressed as a % of MVIC for all 
muscles for each of the three exercises.
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and overhead sports such as the volleyball serve and 
spike, the tennis serve, and baseball pitching.17,34 
Furthermore, current suggestions regarding the role 
of impaired scapular motions (e.g. aberrant muscle 
activation patterns and fatigue) in developing a dys-
functional shoulder complex and subsequent injury 
highlights the importance of integrating scapulo-
thoracic musculature into shoulder complex reha-
bilitation programs.6,37 Amongst scapular muscles 
that predominantly control synchronized scapular 
motion during arm movements, the present study 
assessed three parts of trapezius (UT, MT, and LT), 
SA, and RHOM major.

The main functions of the trapezius include upward 
rotation and elevation (UT), retraction (MT), and 
upward rotation and depression (LT) of the scapula. 
Importantly, LT activation supports posterior tilt and 
ER of the scapula during arm elevation which conse-
quently decreases the risk of subacromial impinge-
ment.38 The main body of existing literature focuses 
on trapezius activity during ER and sparse data are 
available regarding activity during IR exercises. 
While UT activation was found to be highest in IR 
at Zero-Position, MT and LT had their highest acti-
vation in IR at 90oABD. It is clinically important to 
enhance the LT/UT and MT/UT activation ratios as 
a dominant UT (as compared to the other portions of 
the trapezius) has been linked to shoulder patholo-
gies due to contributions of poor posture and mus-
cle imbalances.6 Hence, the current findings support 
IR at 90oABD as the more advantageous exercise to 
enhance the LT/UT and MT/UT activation ratios 
over the other two studied exercises. This recom-
mendation is in agreement with other authors who 
have reported relatively high MT activity during arm 
positions of 90o abduction and higher2, 22 but not with 
those of Moseley et al11 who reported low EMG activ-
ity of the MT during IR at 90oABD. Higher LT activa-
tion in IR at 90oABD is also consistent with previous 
reports of its increased activity from 90o to 180o.2,11 

Contribution of the SA to upward rotation, poste-
rior tilt, and ER rotation of the scapula during arm 
elevation is important for preserving a healthy scap-
ulohumeral rhythm.2, 39 In the presence of a dysfunc-
tional SA, an overactive UT may cause abnormal 
scapular motion (extreme scapular elevation and 
anterior tilt) and lead to muscle imbalance and func-

exercises that generate high RC activation with 
minimal deltoid involvement. Hence, IR at 0oABD 
with low-to-moderate activation of muscles may 
be considered in individuals who are at risk or suf-
fering from shoulder complex injuries particularly 
impingement syndrome. 

Previous researchers have placed an emphasis 
on SUBS activity during IR exercises particularly 
in relation to other large muscles involved in gle-
nohumeral IR such as PM and LD.22,23 It has been 
suggested that SUBS action during IR at 0oABD is 
assisted by PM, LD, and TM. While EMG activation 
differences between high- and low skill pitchers has 
demonstrated the importance of SUBS conditioning 
(strength and endurance) in enhancing pitching abil-
ity and preventing injury,32 the optimal position for 
selective activation of SUBS for muscle strengthening 
and strength testing remains unclear.33 In addition to 
its role as internal rotator of humerus,27 according to 
EMG studies of sport-specific activities SUBS also acts 
as shoulder abductor, anterior stabiliser, and humeral 
head depressor.26,28,33,34 While some authors reported 
greater SUBS activity in IR at 90oABD,35 others found 
greater activation at 0oABD.22 Based on three dimen-
sional (3-D) biomechanical studies, SUBS maximal 
force generation during IR at 90oABD and 0oABD is 
1725N and 1297N, respectively28 which is consistent 
with the current finding of higher SUBS activation at 
90oABD compared to 0oABD.

While previous authors have recommended SUBS 
strengthening exercises in adducted positions,36 sig-
nificantly higher activation of SUBS along with low-
to-moderate activation of PM, LD, and, TM in IR at 
90oABD as demonstrated in the present study, suggest 
the preference of this exercise for selective SUBS acti-
vation. In an EMG study of IR at various positions, 
Suenaga et al24 demonstrated high activation of LPM 
and UPM during resistive IR at 0oABD compared to 
other positions. Decker et al22 also demonstrated 
higher levels of PM and LD activation IR at 0oABD 
compared to 90oABD and suggested that IR at 90oABD 
may be beneficial in strengthening the SUBS due to 
minimizing the contributions of larger muscle groups. 

Scapular Muscles
Effective scapular muscle function is fundamental 
for maximized performance in both daily activities 
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rounding the reliability of MMTs and related MVC for 
EMG amplitude normalization,42 the present study 
reported each muscle’s EMG activity (mean RMS) 
during each IR exercise as a percentage of a reference 
value, i.e. EMGmax in a standard IR position, allow-
ing appropriate assessment and comparison of each 
muscles’ contribution across the exercises. A similar 
method has been applied by previous authors (e.g. 
maximum sprinting for normalizing the EMG dur-
ing walking, maximum sprint cycling for normaliz-
ing the EMG during cycling).43-45 This normalization 
method may have advantages for the examination of 
relative muscle function around the shoulder com-
plex by minimizing intrinsic limitations in reliability 
and validity associated with communal reference to 
MVC as there is no consensus as to which test gen-
erates maximal activation in all individuals in any 
given muscle.46-48 While this normalization approach 
produced large EMG % values for some of the mus-
cles, it was deemed appropriate for comparing activ-
ity of each individual muscle across the IR exercises 
(between-exercise comparison) as the reference 
value is task dependent. However, it may not be the 
preferred method for comparing activations between 
the muscles (between-muscle comparison) as maxi-
mum force production during the task used for nor-
malization does not necessarily produce a maximum 
activation in the muscles under investigation. 

Muscle activations during IR exercises were examined 
using a single load (1kg) in hand or against resistence 
from an elastic band in order to gain further insight 
into functional roles of the muscles contributing to 
glenohumeral stability. According to studies by other 
authors, increasing load does not alter shoulder mus-
cle recruitment patterns and the functional role of 
muscles does not change with higher muscle activity 
levels associated with increased loads.21,49,50 Consider-
ing the task-specific nature of shoulder muscle func-
tion, muscle recruitment strategy for a particular task 
such as IR is not expected to change with increasing 
resistance/load due to a systematic increase in the 
activity of all shoulder muscles involved in generat-
ing IR torque.21,49 However, applying different loads 
might have provided a greater information regard-
ing the contribution of each muscle to maintaining 
glenohumeral stability when performing exercises. 
The clinical implications of current study findings 
with regard to symptomatic subjects are limited as 

tional shoulder impairment.2,6,7,39 In the presence of 
scapular muscle imbalances such as disproportion-
ate UT/SA activation/strength ratio, emphasis has 
been placed upon the selective activation of under-
active muscles with the minimal involvement of 
hyperactive muscles for balance restoration.6 The 
authors’ observed noticeably higher activation of SA 
in IR at Zero-Position followed by IR at 90oABD which 
represent a similar activation pattern to UT during 
the same exercises. While IR at Zero-Position may 
enhance scapular function in healthy athletes by 
mirroring shoulder positioning and motion patterns 
occurring during overhead and throwing perfor-
mance,40 it may need to be avoided in those with or 
at risk of subacromial impingement due to increased 
UT/SA activation ratio. While higher activation of 
SA during IR at elevated and abducted arm positions 
has been reported by previous authors23,41 there is 
a lack of information regarding IR at Zero-Position.

RHOM contributes to scapular retraction, downward 
rotation, and elevation of scapula. In general, there 
is limited information on RHOM activation during 
shoulder exercises mainly because of technical com-
plications in positioning intramuscular electrodes. 
It is suggested that several exercises used for the 
training and strengthening RC and other scapular 
muscles such as ER at 0o- and 90oABD and prone 
horizontal abduction at 90oABD with IR also effi-
ciently provoke RHOM activity.6,23 The results of the 
present study demonstrated markedly higher activa-
tion of RHOM activation in IR 90oABD when com-
pared to the other exercises. This is in agreement 
with findings of Myers et al41 who reported relatively 
high RHOM activity during the same exercise.11

Technical Considerations and Study 
Limitations
The authors of the current study attempted to over-
come inherent limitations of EMG and maximize the 
reliability of findings. Broad experience with shoul-
der girdle EMG informed accurate electrode posi-
tioning for optimal electrode positioning and EMG 
recording. EMG studies have employed alternative 
normalization methods such as the use of MVC to 
study muscle activation, however, use of such isomet-
ric contraction remains questionable particularly in 
relation to studying dynamic movements.42-45 Hence, 
in view of conflicting opinions and uncertainties sur-
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shoulder. J Anat. 2008;213:383-390.
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Rehabilitation of scapular muscle balance: which 
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2007;35:1744-1751.
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impingement and peel-back of the superior labrum: 
a cadaveric study. Am J Sports Med. 2009;37, 2222-7.
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of the subscapularis tendon and the refl ection pulley 
on the anterosuperior glenoid rim: a preliminary 
report. J Shoulder Elbow Surg. 2000;9, 483-90.
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Anterosuperior impingement of the shoulder as a 
result of pulley lesions: a prospective arthroscopic 
study. J Shoulder Elbow Surg. 2004;13, 5-12.

 11. Moseley JB, Jobe FW, Pink M, et al. EMG analysis of 
the scapular muscles during a shoulder rehabilitation 
program. Am J Sports Med. 1992;20:128-134.

 12. ISEK. Standards for Reporting EMG Data. Journal of 
Electromyography and Kinesiology. 2014;24:I-II.

 13. SENIAM. Surface ElectroMyoGraphy for the Non-
Invasive Assessment of Muscles. Available at: 
http://www.seniam.org Accessed August 2015.

 14. Basmajian JV, De Luca CJ. Muscles alive: their 
functions revealed by electromyography. Edited by 
Baltimore, Williams & Wilkins, 1985. 

 15. Saha AK. Dynamic stability of the glenohumeral 
joint. Acta Orthop Scand. 1971,42:491-505.

 16. Liotard JP, Walch G. Rehabilitation of the unstable 
shoulder pp. 61-72 Edited by Puddu G, Giombini A, 
Selvanetti A. Berlin Springer-Verlag, 2001, p.62.

 17. Escamilla RF, Andrews JR. Shoulder muscle 
recruitment patterns and related biomechanics 
during upper extremity sports. Sports Med. 
2009;39:569-590.

 18. Ellenbecker TS, Mattalino AJ. Concentric isokinetic 
shoulder internal and external rotation strength in 
professional baseball pitchers. J Orthop Sports Phys 
Ther. 1997;25:323-328.

 19. Wilk KE, Andrews JR, Arrigo CA, et al. The strength 
characteristics of internal and external rotator 
muscles in professional baseball pitchers. Am J 
Sports Med. 1993;21:61-66.

 20. Blackburn TA, McLeod WD, White B, et al. EMG 
analysis of posterior rotator cuff exercises. Athl Train. 
1990;25:40-45.

this study included only asymptomatic participants. 
Finally, the use of arm support or placement of a 
rolled towel in the axilla for isolating certain muscles 
without simultaneous deltoid activation was not con-
sidered in this study. This is particularly important 
for the focused rehabilitation of RC where minimal 
activation of the deltoid is desirable. 

CONCLUSION
Activation patterns of 16 muscles/muscle sub-
regions were reported during three common IR exer-
cises in order to provide descriptive data regarding 
their activation. Despite the fact that coactivation of 
deltoid and RC muscles standing IR at 90oABD may 
provide a functional advantage by mirroring shoul-
der position and soft tissue mechanics (e.g. capsular 
strain and muscle fiber length-tension relationships) 
during overhead activities and sports, it can place 
high levels of stress on shoulder’s tissues. Hence, IR 
at 0oABD which generates low-to-moderate activa-
tion of muscles may be preferred in the rehabilita-
tion of the individuals at risk or affected by shoulder 
injuries. Considering the current emphasis on the 
SUBS activity during IR exercises, findings of mark-
e dly higher activation of SUBS along with low-to-
moderate activation of PM, LD, and, TM in IR at 
90oABD support the use of this exercise for selec-
tive SUBS activation. Considering the significance 
of incorporating scapular muscles into training and 
rehabilitation programs by means of enhanced LT/
UT and MT/UT activity ratios, the current findings 
support the use of IR at 90oABD for such purposes. 
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ABSTRACT
Background: Upper extremity physical performance measures exist but none have been universally accepted as the primary 
means of gauging readiness to return to activity following rehabilitation. Few reports have described reliability and/or differences 
in outcome with physical performance measures between individuals with and without shoulder symptoms. 

Hypotheses/Purpose: The purpose of this study was to establish the reliability of traditional upper extremity strength testing and 
the CKCUEST in persons with and without shoulder symptoms as well as to determine if the testing maneuvers could discriminate 
between individuals with and without shoulder symptoms. The authors hypothesized that strength and physical performance test-
ing would have excellent test/re-test reliability for individuals with and without shoulder symptoms and that the physical perfor-
mance maneuver would be able to discriminate between individuals with and without shoulder symptoms.

Methods: Male and female subjects 18-50 years of age were recruited for testing. Subjects were screened and placed into groups based 
on the presence (Symptomatic Group) or absence of shoulder symptoms (Asymptomatic Group). Each subject performed an isometric 
strength task, a task designed to estimate 1-repetition maximum (RM) lifting in the plane of the scapula, and the closed kinetic chain 
upper extremity stability test (CKCUEST) during two sessions 7-10 days apart. Test/re-test reliability was calculated for all three tasks. 
Independent t-tests were utilized for between group comparisons to determine if a performance task could discriminate between per-
sons with and without shoulder symptoms.

Results: Thirty-six subjects (18/group) completed both sessions. Test/re-test reliability for each task was excellent for both groups 
(intraclass correlations ≥.85 for all tasks). Neither strength task could discriminate between subjects in either group. Subjects with 
shoulder symptoms had 3% less touches per kilogram of body weight on the CKCUEST compared to subjects without shoulder symp-
toms but this was not statistically significantly different (p=.064). 

Conclusions: The excellent test/re-test reliability has now been expanded to include individuals with various reasons for shoulder 
symptoms. Traditional strength testing does not appear to be the ideal assessment method for making discharge and/or return to 
activity decisions due to the inability to discriminate between the groups. The CKCUEST could be utilized to determine readiness for 
activity as it was trending towards being discriminatory between known groups.

Level of Evidence: Basic Science Reliability Study, Level 3

Keywords: CKCUEST, Physical Performance Testing, Reliability, Strength Testing
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INTRODUCTION
Functional testing is a mechanism that incorporates 
task or sports specific maneuvers into the traditional 
rehabilitation environment allowing the clinician to 
qualitatively and/or quantitatively assess a person’s 
performance of a specific task. The testing provides 
the clinician with an observable depiction of dynamic 
physical function and/or a quantifiable result (time, 
strength, endurance, etc.), allowing judgments to be 
made regarding the successful resolution of impair-
ments and/or the safe return to the sport of interest 
based on the performance of the task(s).1 However, 
a recent report suggested the label “physical perfor-
mance measure” is a more proper descriptor of such 
testing maneuvers because most maneuvers only 
assess one aspect of function (the physical aspect); 
therefore, broadly labeling a test as a measure “func-
tion” may not be accurate.2 

Physical performance measures specific to the upper 
extremity exist but none have been universally 
accepted as the primary means of gauging readi-
ness to return to activity following the completion 
of musculoskeletal rehabilitation. Unlike maneuvers 
described for the lower extremity which have reported 
injury prediction and performance value (in particu-
lar, the single leg hop and step-down maneuvers),3-5 
the upper extremity does not have a single best test 
to utilize for performance assessment likely due to 
the variation in the demands of different sports on 
the upper extremity. For example, the demands of an 
American football lineman require both closed and 
open chain arm movements which differ from the 
demands on a quarterback who is required to perform 
primarily open chain movements with the overhead 
throwing motion. Due to the absence of a gold stan-
dard of assessment for upper extremity physical per-
formance, clinicians will often utilize some variation 
of strength testing as the post-intervention metric 
because strength is a basic physiological component 
of physical task performance permitting fundamen-
tal tasks to be executed (such is the rationale for rou-
tinely conducting manual muscle testing procedures 
during clinical examinations and throughout reha-
bilitation). Strength measures for the upper extrem-
ity are employed in the clinical setting to determine 
side to side differences between involved and non-
involved limbs. The strength measures can be reli-
ably implemented,6-10 possibly adding justification 

for their routine use. However, they have not been 
examined in the literature for value regarding return 
to activity. Furthermore, as important as strength 
testing is for identifying potential impairments and 
assessing progress in the secure rehabilitation set-
ting, it has been recognized that single component 
physiological measurements of strength, mobility, 
endurance, or pain do not necessarily translate to a 
patient’s ability to perform a highly skilled dynamic 
task.1,11 

Strength measures are possibly utilized as a reha-
bilitation progression or discharge metric because 
there is a lack of a gold standard for assessing upper 
extremity performance. Numerous physical perfor-
mance measures for the upper extremity have been 
described in the literature. However, most maneu-
vers are either time consuming to implement, com-
plex to perform, or are applicable to specific sports 
and do not translate across a variety of activities.12,13 
One test which could potentially overcome the 
implementation obstacles and may be applicable to 
a variety of sports would be the closed kinetic chain 
upper extremity stability test (CKCUEST).14 The 
maneuver is performed in a weight-bearing posi-
tion requiring the individual to alternately lift and 
horizontally adduct one hand, touching the oppo-
site hand in a repetitive sequence while maintain-
ing a weight-bearing position similar to the extended 
position of a push-up. The CKCUEST has been 
found to be reliable in asymptomatic subjects and 
subjects with subacromial impingement syndrome 
with test/re-test reliability being reported as excel-
lent (ICC≥0.91).14,15 Recently, Pontillo et al identi-
fied an association between decreased pre-season 
performance on the CKCUEST and the occurrence 
of shoulder injury during the season.16 Athletes who 
sustained an in-season injury had a significantly 
lower number of touches at the beginning of the 
season during the CKCUEST compared to the ath-
letes who did not sustain injury. These findings 
provide evidence that there may be a testing maneu-
ver which can identify a reduction in physiological 
function which places individuals at risk for future 
injury. However, while the ability of the CKCUEST 
to predict injury is being studied, there is limited 
information reporting the discriminatory ability of 
the CKCUEST for persons currently with or without 
shoulder symptoms.15
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Due to the limited reports describing reliability and 
differences in outcome with physical performance 
measures between individuals with and without 
shoulder symptoms, current clinical decision mak-
ing regarding readiness to return to activity follow-
ing rehabilitation has a marked shortcoming where 
return to activity decisions may be based on results 
from tests which cannot discern differences between 
patients with and without shoulder symptoms. 
Therefore, the purpose of this study was to establish 
the reliability of traditional upper extremity strength 
testing and the CKCUEST in persons with and with-
out shoulder symptoms as well as to determine if 
the testing maneuvers could discriminate between 
individuals with and without shoulder symptoms. 
The hypotheses were: 1) strength testing and the 
CKCUEST would have excellent test/re-test reli-
ability for both testing groups, and 2) asymptomatic 
individuals will demonstrate better performance on 
the CKCUEST than symptomatic individuals.

METHODS

Subjects
Male and female subjects between 18-50 years of 
age were recruited for testing. After reading and 
signing an IRB approved consent form, subjects 
were screened for placement into one of two groups 
based on the presence (Symptomatic Group [SG]) 
or absence (Asymptomatic Group [AG]) of shoulder 
symptoms. Presence of pain was determined via the 
completion of a numeric pain rating scale (NPRS), 
measured 0-10 with 0 = “no pain at all” and 10 = 
“worst pain ever felt”. In addition to the NPRS, cur-
rent physical functional status was assessed with 
the American Shoulder and Elbow Surgeons Score 
(ASES) where the patient reported level of per-
ceived function from 0-100, with 0 = “not able to 
function” and 100 = “best function possible”.17 Inclu-
sion criteria for the AG required a subject to score 
90 or above on the ASES, report no pain or pain no 
greater than 2/10 on the NPRS, have no limitations 
in range of motion, no point tenderness to palpation 
of the shoulder complex, and no positive examina-
tion findings for tissue derangement or other condi-
tions on the screening clinical examination. Subjects 
with pain ratings ≤2/10 were included in the AG if 
the ASES function component was unaffected by the 
presence of pain (a score of 50 on the function com-

ponent had to be reported) and the screening would 
suggest no injury was present. Inclusion criteria for 
the SG included the presence of pain greater than or 
equal to 3/10 on the NPRS and an ASES score below 
89. Subjects could have limited range of motion but 
were required to demonstrate active elevation to at 
least 90°. Subjects may or may not have had point 
tenderness over their shoulder region and at least 
one positive clinical examination finding indicative 
of tissue derangement and/or other conditions (i.e. 
tendonitis, subacromial impingement, etc.). Subjects 
were excluded from this study if they had pain ≥8/10 
on the NPRS and an ASES score ≤20. Subjects with 
pain ratings ≥8/10 were excluded out of concern for 
possibly advancing any possible underlying tissue 
lesion or exacerbating their symptoms to the point 
where the subjects would withdraw from the study. 
Subjects were also excluded if they had a current 
disease, illness, or condition medically disqualifying 
the individual from participating in vigorous activ-
ity, if he or she was currently participating in a post-
surgical rehabilitation program, demonstrated signs 
of cervical radiculopathy,18 or had shoulder and/or 
neck surgery in the past 24 months. Using a previ-
ously published sample size estimation method for 
reliability studies,19 the target enrollment for a test/
re-test design was 36 total subjects, which is based on 
an α of 0.05 and β of 0.20. This includes an assump-
tion of a minimum acceptance of 0.70 intraclass cor-
relation for reliability and upper limit acceptance of 
≥0.90 reliability.

Procedure
Demographic information including age, sex, race, 
height, weight, and history of injury was recorded 
(Table 1). Following obtainment of the demographic 
information, a standard shoulder examination was 
conducted on both shoulders by a single certified 
athletic trainer with 15 years of clinical experience 
and expertise in shoulder evaluation and manage-
ment to verify group assignment. The examination 
included palpation of anatomical structures of the 
glenouhumeral joint and scapula, visual inspection 
of range of motion, manual muscle testing (break 
testing without a hand-held dynamometer), and 
special testing for the confirmation of presence or 
absence of tissue injury/irritation. The special tests 
included maneuvers with established acceptable 
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Isometric Strength Testing of Shoulder 
Muscles6

In order to include a maneuver designed to assess 
strength that is commonly utilized in clinical practice, 
isometric shoulder elevation in the plane of the scap-
ula was selected. Each subject was positioned stand-
ing with elevation of a single arm to 90° and 30° of 
horizontal abduction to place the arm in the scapular 
plane. A hand-held dynamometer (Lafayette Instru-
ment Company, Lafayette, IN) was placed centered 
on the dorsal aspect of the forearm, half the distance 
between the distal radius and ulna and the elbow, par-
allel to the ground. The examiner resisted elevation 
in the scapular plane with the forearm in neutral and 
slight supination. In order to standardize the arm posi-
tion for all subjects, a strap was placed through the 
handle of the dynamometer and secured to the bottom 
of a door via a bracket. The strap was adjusted for each 
subject to account for subject height and arm position 

clinical utility and/or those the research team has 
utilized in clinical practice and have become pro-
ficient at employing.20-23 The maneuvers included: 
Spurling’s test, Distraction, and Median Nerve Upper 
Limb Tension Test for cervical involvement; Painful 
Arc, Drop Arm Test, External Rotation and Internal 
Rotation Lag Signs, and Lift-Off Test for rotator cuff 
involvement; Hawkins-Kennedy and Neer Impinge-
ment Signs; Cross Body Adduction Test for AC Joint 
involvement; Modified Dynamic Labral Shear and 
Active Compression Tests for Labral involvement; 
Speed’s and Upper Cut Tests for Biceps involvement; 
and the Scapula Dyskinesis Test for observational 
detection of altered scapular motion. No specific 
diagnosis was attempted to be made, rather these 
tests were used only to classify patients into either 
the AG or SG. Following the screening and group 
allocation, strength testing and the CKCUEST were 
administered in a randomized sequence.

Table 1. Subject Demographics for Asymptomatic and Symptomatic Groups (N=36)

10 (56%)
9 (44%)

9 (50%)
9 (50%)
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ula with the subject performing 10 repetitions of scap-
ular plane elevation. Each arm was tested separately 
for one trial. The test was discontinued if the subject 
could not perform elevation to the required target or 
if the subject reported pain and/or self-limited him or 
herself. The subject was stopped by the investigator if 
observable compensations of the trunk and body were 
used to lift the weight. The number of repetitions com-
pleted and weight lifted were used to estimate 1-RM 
via the calculation described by Brzycki24: Estimated 
1-RM = weight lifted/1.0278-0.0278x (where x = the 
number of repetitions performed).24 This task was 
selected because it was considered to be more func-
tional and more challenging than traditional manual 
muscle testing due to its dynamic design and it allows 
for the incorporation of an individual’s perception of 
task performance. 

Closed Kinetic Chain Upper Extremity 
Stability Test (CKCUEST)14 
The CKCUEST was selected for inclusion in this study 
because it can be implemented in any clinical setting 

as described above (Figure 1). The limb to begin with 
was randomized. Each trial lasted five seconds with 
each subject instructed to give maximal effort. A mini-
mum of 20 seconds rest was provided between each 
trial. Each limb was tested three times in alternating 
sequence (i.e. right, left, right, left, etc.) to facilitate 
strength recovery. The force output was recorded for 
each trial, with the average of three trials for each arm 
recorded in kilograms for data processing.

1-Repetition Maximum (RM) Estimate of 
Scapular Plane Elevation (scaption) Strength 
Test for the Upper Extremity24 
The 1-RM scaption maneuver began with the subject 
standing and arms resting at the side of the body. 
Each subject was asked to self-select a free weight 
that he or she perceived as the maximal amount of 
weight which could be lifted no more than 10 times to 
shoulder level. The subjects were permitted to sam-
ple various weights in order to assist in selecting the 
most appropriate load with no more than three prac-
tice repetitions permitted per each weight sampled. 
Each subject was asked to elevate the arm up to 90° 
of elevation with the forearm in neutral (thumb up) 
which was controlled by a barrier placed at the appro-
priate height (Figure 2). The arm was required to 
maintain elbow extension during movement through-
out the trial. A digital metronome was utilized and 
set at 47 beats per minute to control the pace of the 
arm. The pace of 47 beats per minute was established 
during pilot testing as it was the pace that subjects 
could accurately and comfortably maintain fluid arm 
motion. The arm was placed in the plane of the scap-

Figure 1. Isometric strength testing.

Figure 2. One repetition maximum elevation task.
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the opposite line and then replaced the hand on the 
original line (Figure 3b). The subject then removed 
the other hand from the floor, touching the opposite 
line and returning it to the original line. A single 
test consisted of alternating touches for 15 seconds. 
Subjects were instructed to attempt as many touches 
as possible during the 15 seconds while maintaining 
proper push-up form. Each subject was permitted to 
perform a submaximal trial prior to performing the 
maximal effort attempts in order to become famil-
iar with the test demands. Subjects performed two 
maximal effort trials each lasting 15 seconds with 
45 seconds of rest in between the trials. Verbal cues 
were provided by a member of the research team 
if a subject was not maintaining proper body posi-
tion during the testing. In the event a subject did 
not return the hand to the tape or did not touch the 
opposing hand during a repetition, the repetition 
was not recorded. The average number of touches 
between the two trials was calculated and recorded.

Data Analysis
Descriptive statistics for all subjects were calculated 
with means and standard deviations reported for con-
tinuous variables and frequencies and percentages 
reported for categorical variables. The results from 
both the isometric strength task and the 1-RM esti-
mate task were recorded in pounds then converted 
to kilograms. The results from all three tests were 
normalized to each subject by dividing each individ-
ual’s test result by the body weight in kilograms prior 
to performing any comparative analyses in order to 
account for anthropometric differences between sub-
jects. Since this study included subjects with shoul-
der symptoms, normalization to body weight was 
preferred over subject height in order to account for 
joint loading which could be a potential confounding 
variable within individuals who may or may not had 
compromised shoulder anatomy. The intraclass cor-
relation coefficient (ICC), standard error of measure-
ment (SEM), and minimal detectable change at the 
90% confidence level (MDC90) were calculated for all 
three tasks. In order to examine the inter-session reli-
ability of the maneuvers, subjects were retested fol-
lowing the identical protocol no less than seven days 
and no more than 10 days after the initial testing ses-
sion. ICC values were calculated using the two-way 
random effects model with absolute agreement [ICC 

and is an upper extremity-specific physical perfor-
mance measure that is not designed exclusively for 
overhead athletes. Two pieces of tape were placed 
on the floor parallel to each other 36 inches apart. 
The subject began in the elevated position similar to 
a standard push-up with one hand on each piece of 
tape, the body straight and parallel to the floor, and 
feet no greater than shoulder width apart (Figure 
3a). When the test began, the subject removed one 
hand from the floor, touched the opposing hand on 

Figure 3. Closed kinetic chain upper extremity test begin-
ning position (fi gure a), and active position (fi gure b).
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rotator cuff tendonitis/impingement (7), biceps ten-
donitis (1), rotator cuff injury (1), multidirectional 
instability (1), and concurrent rotator cuff and labral 
injury (1). 

Reliability
The test/re-test reliability for all three tasks was 
considered excellent for both groups with the AG 
(CKCUEST=0.85, isometric task=0.98 for each arm, 
1-RM estimate=0.94 for the dominant arm and 0.96 
for the non-dominant) and SG (CKCUEST=0.86, 
isometric task=0.97 involved arm and 0.95 for non-
involved arm, 1-RM estimate=0.93 for each arm) 
having similar ICC values. The SEM and MDC90 val-
ues for each test and group are presented in Table 2.

Discriminatory Analysis
Across all tests, prior to normalizing the test results 
to body weight, there were no statistically significant 
differences in the performance of any task between 
the AG and SG. After applying the body weight cor-
rection, neither the isometric task for the dominant/
involved arm (p=.89) or for the non-dominant/
non-involved arm (p=.99), nor the 1-RM estimate 
for the dominant/involved arm (p=.36) or for the 
non-dominant/non-involved arm (p=.17) could dis-
criminate between subjects with or without shoul-
der symptoms (Table 3). Subjects with shoulder 
symptoms had 3% less touches per kilogram of body 

(2,1)].25,26 An ICC greater than 0.75 was interpreted as 
excellent while values between 0.40–0.75 were con-
sidered fair to good and <0.40 was considered poor.27 
Prior to determining if any test could discriminate 
between subjects with and without shoulder symp-
toms, a formal test of normality was initially utilized 
for each dependent variable. The Shapiro-Wilk test 
for normality was employed revealing the variables 
were normally distributed which allowed indepen-
dent t-tests to be utilized for between group compari-
sons. Statistical significance was set at α=p<0.05. 
All statistical calculations were performed using 
STATA/IC (version 13.1 for Windows, StataCorp, LP, 
College Station, TX).

RESULTS

Subjects
A total of 36 subjects completed both testing ses-
sions with 18 subjects in each group thus satisfying 
the sample size estimate (AG: females 10, males 8; 
SG: females 9, males 9). A summary of the descrip-
tive statistics for all subjects is reported in Table 1. 
Per the ASES self-reported questionnaire, the SG 
had an average ASES score of 67±15 points out of a 
possible 100 points. The ASES pain score, function 
score, and total ASES score were all significantly 
less for the SG compared to the AG (p<.001). The 
screening revealed the following possible diagnoses, 
for descriptive purposes: labral injury (7 subjects), 

Table 2. Reliability Results for Asymptomatic and Symptomatic Groups
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All tests could be reliably performed over multiple 
days amongst individuals with and without shoul-
der symptoms. Both the isometric strength task and 
1-RM estimate had excellent test/re-test reliability 
with ICC values being ≥0.93. These findings paral-
lel previous studies which have also examined the 
test/re-test reliability of clinical strength testing 
of the shoulder.6 The ICC values in this study for 
the CKCUEST were slightly lower (ICC=0.85) but 
still similar to the values reported in the original 
reliability study (ICC=0.93) and a study involving 
subjects with subacromial impingement syndrome 
(ICC≥0.91).14,15 While the original report examining 
the reliability of the CKCUEST exclusively focused 
on the outcome of task performance in asymptom-
atic individuals, the current study chose to also 
include persons with current complaints of shoulder 
pain in order to provide a clearer picture of the upper 
extremity assessment measure’s clinical value. Addi-
tionally, the original report did not provide SEM and 
MDC90 values. However, calculation of these metrics 
could be performed from the original results, offer-
ing an SEM of 0.5 touch and MDC90 of 1.2 touches.14 
The current study’s SEM of 2 touches and MDC90 of 
4 touches were larger than both the original report14 
and the report involving subjects with subacromial 
impingement syndrome.15 The difference in SEM 
and MDC90 values was likely due to the performance 
of one less trial in the current study. The decision to 
utilize one less trial was based on the methodology 

weight on the CKCUEST compared to subjects with-
out shoulder symptoms which was trending towards 
statistical significance (p=.064). 

Discussion
Clinical decision making for determining the success-
ful completion of a rehabilitation program and thus 
safe return to activity can be challenging. Clinicians 
have many tools at their disposal to assist them in 
making discharge and return to activity decisions, 
with most clinicians opting to use some variation of 
a strength measure as a means of determining ces-
sation of treatment or activity readiness. With the 
understanding that strength measures may not serve 
as an exclusive surrogate for making discharge and/
or return to activity decisions, physical performance 
measures were developed and have been advocated as 
more challenging options to determine readiness for 
activity.1,2,12,14,28 Examining both traditional strength 
measures and an upper extremity-specific physical 
performance measure in this study led to one of the 
two study hypotheses being supported with all tasks 
having excellent test/re-test reliability in both subjects 
with and without shoulder symptoms. The hypothesis 
that the CKCUEST could distinguish between indi-
viduals with and without shoulder symptoms was par-
tially rejected as the evidence was trending towards 
supporting the hypothesis (p=.064) but was by defi-
nition (p<.05) not statistically different between the 
performances of the two subject groups.

Table 3. Task Results Normalized to Body Weight (in kilograms) for Asymptomatic and Symptom-
atic Groups
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ted to sample various weights and to perform no 
more than three practice repetitions prior to final-
izing their decision on the weight to use for the full 
10 repetition trial. However, although the weights 
could be sampled by the subject prior to final load 
selection, the lack of difference between the arms 
during the 1-RM estimate task creates the possibility 
that some individuals may have underestimated the 
amount of weight that could be lifted a maximum of 
10 repetitions. 

Although the three tasks could be reliably repro-
duced by the two groups over multiple days, the 
tests could not distinguish performance outcome 
between individuals with and without shoulder 
symptoms. The CKCUEST was trending towards 
being able to distinguish between the two groups 
(where p=.064) suggesting the more involved 
physical performance measure may provide clini-
cians with different information than the traditional 
strength measures regarding the ability to perform. 
While Tucci et al found a distinct difference in the 
number of CKCUEST touches performed between 
subjects with (10-12 touches) and without (23-28 
touches) subacromial impingement syndrome, the 
subacromial impingement syndrome subjects were 
24 years older on average compared to the healthy 
group. Therefore, the difference between the groups 
could have been due to age rather than injury pres-
ence which limits the interpretability and compara-
bility of the findings to the current study.15 

Unlike the lower extremity which is sensitive to the 
effects of injury because of the impact injury can have 
on stability and mobility, the upper extremity has the 
advantage of having a separate and independent non-
involved extremity which can be utilized for task per-
formance. This phenomenon was demonstrated in 
the current study where the non-involved arm of the 
subjects in the SG outperformed the non-dominant 
arm of the subjects in the AG by 1.5kg (which equates 
to an approximate difference of three pounds). 
Although not statistically different, the 1.5kg differ-
ence may suggest that the individuals with shoulder 
symptoms have learned to adapt and modify task 
performance by utilizing the non-involved arm in a 
more efficient manner. The decreased effect of injury 
on the upper extremity is further highlighted in the 
medical impairment rating literature where the rat-

from a recent study16 and also to lessen the effects 
of fatigue during testing since multiple tasks were 
employed.  

An important finding from the current study is the 
lack of a side-to-side difference in the performance 
of the isometric strength task in the SG. Clinicians 
routinely utilize manual muscle testing during ini-
tial evaluation procedures or periodically through-
out rehabilitation to determine if strength deficits 
exist or if strength imbalances are resolving. Manual 
muscle testing was originally employed to assess 
the strength ability of patients with paralytic con-
ditions.29 In conditions where neurological integrity 
is compromised, manual muscle testing may have 
clinical value. However, manual muscle testing may 
not have robust value as an individual evaluation 
tool for musculoskeletal injury with an absence of 
nerve injury or neurological dysfunction. The SG 
demonstrated no side-to-side difference which can 
be explained in part as no neurological involvement 
was reported by these participants. Furthermore, 
although the subjects in the SG reported a pain level 
resulting in a significantly lower pain score on the 
ASES pain score compared to the subjects in the AG, 
the subjects with painful shoulders were not actively 
being treated for their shoulder pain suggesting that 
pain level is not always equitable to perceived or 
demonstrated dysfunction. Therefore, it is impor-
tant to not assume weakness will routinely coincide 
with the presence of pain. 

The dynamic 1-RM estimate was employed to serve 
as a more challenging variation to the static, isomet-
ric strength assessment. Furthermore, acknowledg-
ing the paradigm shift from the traditional medical 
model of healthcare (expert opinion) to the biopsy-
chosocial model (patient as a consumer and active 
participant in treatment), the utilization of a per-
formance task where the patient was permitted to 
self-select a weight based on perceived ability to 
perform was considered to be complementary to the 
biopsychosocial framework.30 Although the task was 
deemed appropriate because of the subject-percep-
tion aspect, no statistical differences in side-to-side 
strength were noted in either group (dominant to 
non-dominant arm in the AG and involved to non-
involved arm in the SG). To assist in the selection 
of the appropriate weight, the subjects were permit-
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ings for an injured arm have higher thresholds than 
the similar impairment ratings for an injured knee.31 
For example, an 8% upper extremity impairment 
equates to a 5% whole body impairment rating while 
an 8% lower extremity impairment equates to a 20% 
whole body impairment rating.31 It is therefore pos-
sible that a general measure of physical performance 
such as the CKCUEST may help overcome the short-
comings of traditional strength testing as a metric for 
determining return to activity because of its more 
challenging requirements thus giving it the ability to 
potentially better distinguish between persons with 
and without shoulder symptoms. It is not suggested 
that traditional strength testing be eliminated from 
physical assessments because they can have value 
with detecting certain pathological conditions i.e. 
rotator cuff injury32,33 but should be reconsidered as 
clinical measures for determining cessation of treat-
ment and/or activity readiness.

Finally, the upper extremity physical performance 
measure literature has suggested that a testing bat-
tery comprised of several measures may better assist 
clinicians in making well-informed clinical deci-
sions about the complex upper extremity and return 
to activity.2,28 While this observation has merit, the 
composition of the testing battery has yet to be estab-
lished. Recently, Pontillo et al employed an upper 
extremity pre-season testing battery comprised of 
isometric strength measures, fatigue tasks, and the 
CKCUEST in an attempt to predict the occurrence 
of shoulder injury sustained during a competitive 
football season.16 They found that although isomet-
ric forward elevation strength and prone-Y to fatigue 
performance in pre-season were predictive of future 
injury to the right arm, the CKCUEST was the only 
maneuver predictive of injury to either arm with a 
clinical utility of 0.79 sensitivity, 0.83 specificity, and 
18.75 positive likelihood ratio.16 These findings are in 
contrast to the findings in the current study where 
the CKCUEST could not clearly discriminate between 
individuals with and without shoulder symptoms. 
This contrast however is likely due to differences in 
the timing of testing (the subjects with shoulder pain 
in the current study had been experiencing pain from 
months to years rather than acutely) and the variation 
in diagnoses identified in each study. Specifically, the 
current study included diagnoses strictly based on 
clinical examination without imaging where only half 

of the population had suspected internal derange-
ment, while the diagnoses reported by Pontillo et al 
were primarily cases of instability with verified labral 
lesions and acromioclavicular separations.16 

LIMITATIONS
There are several limitations to note in this study. 
First, the Symptomatic Group was comprised of indi-
viduals with various diagnoses. Although the various 
conditions could allow the results to be generalized, 
focusing on a specific pathology or condition may 
have yielded different results. Additionally, none of 
the subjects were evaluated by a physician and thus 
no advanced imaging or diagnostic testing (i.e. nerve 
conduction, diagnostic arthroscopy, etc.) was per-
formed to verify the extent of tissue derangement 
(assuming any existed). Second, the 1-RM estimate 
procedure allowed for each subject to self-select the 
weight he or she perceived as the maximum weight 
which could be lifted for 10 repetitions. It is possible 
that some subjects underestimated the weight that 
could have been lifted and thus limited the chance 
of finding differences within or between subjects. 
Third, the closed chain design of the CKCUEST may 
not provide specific information regarding the abil-
ity to perform open chain tasks such as overhead 
throwing with success. However, the CKCUEST 
appears to provide different information compared 
to traditional strength testing highlighting the idea 
that physical performance measures may allow for 
the simultaneous assessment of multiple physiologi-
cal systems better than strength testing. The higher 
demands of the CKCUEST are likely producing the 
difference in information but may be one of multiple 
metrics to utilize for upper extremity performance. 
Finally, strength was the primary physiological com-
ponent of physical function that was examined in this 
study. It is understood that multiple areas of physi-
cal function or performance should be considered 
since human task execution rarely, if ever, utilizes 
just one component of function during performance. 
However, strength was the main area of focus since 
it is commonly considered during the evaluation and 
rehabilitation of musculoskeletal injury. 

CONCLUSIONS
Similar to previous literature, the strength tasks and 
physical performance measure examined in this 
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study were found to have excellent test/re-test reli-
ability. The excellent test/re-test reliability has now 
been expanded to include individuals with various 
reasons for shoulder symptoms. Traditional strength 
testing does not appear to be the ideal assessment 
method to utilize for making discharge and/or 
return to activity decisions due to the lack of per-
formance differences between the testing groups. 
Although the tests could be reliably performed, no 
test could clearly distinguish between individuals 
with and without shoulder symptoms however; the 
CKCUEST could have a role as a task to determine 
readiness to return to activity as it was trending 
towards being able to discriminate between known 
groups. Further research needs to exclusively exam-
ine subjects with specific pathological conditions 
such as labral injury, rotator cuff injury, and insta-
bility to confirm the clinical utility of the CKCUEST 
in patients with distinct diagnoses as well as in 
overhead athletes. 
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ABSTRACT
Background: Each year, over 173,000 children and adolescents visit emergency departments due to sports and recreation related 
concussions, an increase of 60% over the last decade due to the rise in the number of children participating in sport. While numer-
ous authors have sought to address the epidemiology of concussions across multiple age groups who participate in contact sports, 
a recent review of literature did not reveal a substantial amount of published articles that addressed the issue of subconcussive 
contact. Multiple tools have been developed to assess acute episodes of concussion. Among the assessment protocols many include 
an assessment of balance, short and long term memory recall, and balance. The Child-SCAT3 was designed specifically to evaluate 
concussions in children 5-12 years of age.

Objective: The purpose of this study was to determine the effect of a season of subconcussive contact on Child-SCAT3 scores in 
8-12 year old males compared to their age matched peers who participated in non-contact sports. A secondary purpose was to 
evaluate how scores of the sub- components of the Child-SCAT3 compare between contact and non-contact athletes.

Design: A prospective cohort study was performed of 71 male athletes (58 football, 13 baseball) ages 8-12 (contact mean age 10.30 
years, SD 1.20; non-contact mean age 10.03 years, SD 1.26) over the course of a season. 

Methods: Portions of The Child-SCAT3 were administered and scored in pre-adolescent athletes prior to and following a season of 
participation in football (contact sport group) and baseball (non-contact sport group). The outcome measures of interest included 
the portions related to Cognitive ability, Balance, and Coordination.

Results: No statistically significant differences were found in group, time or time and group interaction for any of the utilized 
portions of the Child-SCAT3. Statistically significant differences were found between groups for preseason cognitive orientation 
and postseason immediate memory. Cognitive orientation and coordination were also found to be statistically significantly 
improved across both groups over the course of the season.

Limitations: This study was potentially limited by the number of control subjects tested. 

Conclusions: A season of subconcussive contact in football was not detrimental to cognitive and balance scores on the Child-SCAT3. 

Level of Evidence: 3

Key words: Child-Scat3, football, subconcussive contact
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INTRODUCTION
An estimated 173,000 persons younger than the age 
of 19 visit emergency departments each year due 
to sports and recreation related concussions. This 
number has increased by approximately 60% since 
2001.1 Data from South Carolina (1998-2011) indicate 
that 16,600 individuals visited the emergency depart-
ment with sport-related traumatic brain injuries.2 Of 
these visits 52% were the result of collisions, kicks, or 
bodily contact; 38% of which occurred in football or 
rugby.2 The rise in concussion rates could be related 
to increased sport participation, increased incidence 
of traumatic brain injuries, and/or an increased 
awareness of early diagnosis of injuries. Presently, 
a movement exists that seeks to increase awareness 
and recognition of concussions in order to prevent 
children from returning to sport participation with-
out undergoing a thorough medical examination.1 
The subject of youth concussions is a growing field 
of study and assessment tools have been recently 
developed to evaluate and diagnose concussions in 
this population.3 However, there is currently limited 
data in the area of subconcussive contact on the neu-
rological function of youth athletes, ages 8-12.4

The 2012 Consensus Statement on Concussion in 
Sport described a concussion as a complex patho-
physiological process affecting the brain that is 
induced by biomechanical forces resulting from a 
direct or indirect blow to the head or body.3 Typi-
cally, a concussion results in the rapid onset of short-
lived neurologic functional impairment and may 
result in neuropathological changes that are related 
to neurometabolic dysfunction rather than struc-
tural injury. Concussion is typically associated with 
normal structural neuroimaging findings.3 Concus-
sions commonly result in physical, cognitive, emo-
tional, and sleep-related symptoms that vary among 
individuals, especially in children and adolescents.3 
Due to the variability of concussion presentation, 
and possibility of debilitating long term effects, early 
recognition and evaluation are crucial.5

Although youth football seasons are of shorter dura-
tion than high school or collegiate seasons, these 
young players are subjected to similar numbers 
of repetitive head impacts and show similar inci-
dence rates of concussions.6 This is likely because 
these youth athletes, as young as the ages of 7-8, are 

 experiencing impacts comparable in magnitude to 
high school and collegiate athletes.4,7,8 Correspond-
ingly, former NFL athletes exposed to tackle football 
prior to the age of 12 are more likely to demonstrate 
a significantly greater impairment in objective 
neuropsychological testing compared to athletes 
whose first exposure was after age 12.9 Youth play-
ers returning to participaton after playing the previ-
ous season are likely to have a higher number of 
impacts during the season.8 Additionally, as playing 
experience grows, football players are more likely 
to experience physiological changes with and with-
out a diagnosis of concussion such as decreased hip-
pocampal volume,10 impaired reaction time,10 and 
impaired visual processing appearing up to seven 
years post injury.10,11 Collegiate football players with-
out a history of diagnosed concussion can present 
with cerebral white matter changes six months after 
the conclusion of a season as a result of subconcus-
sive repetitive head impacts.12 Thus, it is important 
to study subconcussive forces in youth and adoles-
cent athletes to identify the potential effect of a sea-
son of subconcussive contact on cognitive function.

It is commonly recommended that a battery of tests 
be utilized in order to determine whether an ath-
lete has sustained a concussion, including tests that 
examine balance/proprioception, orientation, cogni-
tion, and memory.13 In order to be a useful sideline 
assessment tool, a test needs to be quick, simple to 
administer, and easily accessible. Assessment scores 
should be compared to the athlete’s baseline score14 
or to a normative value for each specific test if no 
baseline score is available.13 The Sport Concussion 
Assessment Tool (SCAT) is a standardized neuro-
cognitive examination that was initially developed 
at the Second International Conference on Concus-
sion in Sport in Prague in 2004 by combining several 
pre-existing tools into one streamlined assessment 
tool.13,15,16 The test was later revised to the SCAT2 in 
200817 and the SCAT3 and Child-SCAT3 were intro-
duced in 2013. The Child-SCAT3 addresses the gap 
in assessment tools for the youth athlete (5-12 years 
olds) as portions of the original SCAT exams were 
too difficult for children.14,15 Individuals 13 years and 
older are evaluated using the SCAT3, while children 
between the ages of 5-12 years are evaluated using 
the Child-SCAT3.3 
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Fifty-nine football athletes participated in the ini-
tial baseline testing prior to the season, and forty-
four returned for post-season testing. Three football 
subjects were excluded from data analysis due to a 
diagnosis of concussion sustained during the football 
season. An additional 12 athletes did not return for 
post-season testing. Baseline testing was completed 
on twenty-eight youth baseball athletes with thirteen 
returning for post-season testing after the season con-
cluded. Fifteen subjects did not return for postseason 
testing due to scheduling difficulties. The only exclu-
sion criterion for this study was a diagnosis of concus-
sion during the season. All other athletes involved in 
either league were eligible for participation. 

Prior to testing of the subjects, training was pro-
vided to all examiners in the administration of the 
Child-SCAT3 was provided by two experienced ath-
letic trainers well versed in the administration of 
sideline concussion tools. All nine examiners per-
formed practice trials of the Child-SCAT3 exam until 
deemed proficient and reliable by the experienced 
athletic trainers.

Prior to the beginning of the first practice of the 
respective seasons, a baseline exam was performed. 
Following verification of informed consent, each 
subject was randomly assigned to an examiner for 
testing. The Child-SCAT3 cognitive and physical 
exam subsections were administered to each subject 
in the recommended sequence of exam. The Glas-
cow Coma Scale, Sideline Assessment, and Symp-
tom Evaluation (child and parent reports) portions 
of the exam were not performed. These items were 
excluded because the information gained is used to 
diagnose a concussion, and that was not the pur-
pose of the current study. The balance portion of 
the exam (m-BESS) was performed without shoes on 
a concrete surface, however the subject was allowed 
to wear socks. Scores were not revealed to the sub-
ject or the parent, and no recommendations were 
made based on the results of the exam.

Following the completion of one season (Total of 113 
days for contact subjects and 70 days for non-con-
tact subjects), the subjects were again tested using 
the previous protocol for the cognitive and physical 
evaluation portions of the Child-SCAT3. The typical 
days of exposure to contact are varied among the 

The Child-SCAT3 evaluates several aspects of an ath-
lete’s cognitive and motor functions, using assess-
ments including: The Glascow Coma Scale, a sideline 
assessment for signs and symptoms of injury, a 
parent questionnaire, a child report of symptoms, 
the Standardized Assessment of Concussion-Child 
Version (SAC-C), upper limb coordination, and the 
Modified Balance Error Scoring System (m-BESS).3 
The Child-SCAT3 exam can be used to establish a 
preseason baseline and also for subsequent testing 
following suspected concussion in order to aid in 
diagnosis and determine return to play status.3 

There is a definite need for more research in the 
expanding area of concussions in youth sports, espe-
cially with the effects that concussive and subcon-
cussive contact can have on the youth athlete.9-12 
There is limited research focused on altered neuro-
logic function after a single season of “normal” sub-
concussive contact in youth athletes ages 8-12 years.4 
By comparing youth football athletes’ preseason 
and postseason scores to other youth athletes, the 
Child-SCAT3 might assist to determine if a season 
of subconcussive contact has a detrimental effect on 
cognitive function or proprioception. Therefore, the 
purpose of the study was to determine the effect of 
a season of subconcussive contact on Child-SCAT3 
scores in 8-12 year old males compared to their 
age matched peers who participated in non-contact 
sports. A secondary purpose was to evaluate how 
scores of the subcomponents of the Child-SCAT3 
compare between contact and non-contact athletes.

METHODS

Participants
A local youth football league (contact group) and Lit-
tle League baseball teams (non-contact group) par-
ticipated in the current study. Prospective subjects 
were sent an information packet prior to the begin-
ning of their respective sport season informing them 
of the intent of the study. This information was pro-
vided again at the baseline testing session. A signed 
and dated parental informed consent was obtained 
from the parent/guardian and the child prior to test-
ing. The informed consent form was approved by 
the Institutional Review Board of Belmont Univer-
sity prior to distribution to the prospective partici-
pants’ families. 
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in the immediate memory section. The number cor-
rect for the Delayed Recall portion of the Cognitive 
Assessment (SAC-C) was summed with the Orienta-
tion, Immediate Memory, and Concentration Scores 
for a total score ranging from 0 - 30

BALANCE: The Balance Examination (m-BESS) was 
composed of three tasks: double leg stance, tandem 
stance, and tandem gait. Subjects performed test-
ing on cement while wearing socks. Prior to the 
initiation of modified BESS assessment, each sub-
ject identified which foot would be used to kick a 
ball. This foot was considered as the dominant foot. 
During double leg stance assessment, subjects were 
required to stand with feet together, hands on hips, 
and eyes closed. Tandem stance was assessed with 
the subjects standing heel-to-toe with the non-dom-
inant foot posterior to the dominant foot, hands on 
hips and eyes closed. Both positions were tested for 
20 seconds, counting the number of errors made 
by the child. Errors included: hands lifting off iliac 
crest, opening eyes, step, stumble, fall, moving hip 
into greater than 30 degrees of abduction, lifting 
forefoot or heel, and remaining out of test position 
greater than five seconds. The total number of errors 
was recorded. A maximum of 10 errors for each test-
ing position were allowed. Tandem gait was assessed 
by asking the subjects to walk heel-to-toe along 
a 3-meter line of athletic tape, as accurately and 
quickly as possible. Time was measured in seconds, 
and each subject performed a total of four trials; the 
fastest trial among the trials was recorded. Balance 
section scoring comprised the total number of errors 
for double leg and tandem stance, and the average 
time to complete the tandem gait assessment. 

COORDINATION: Coordination was assessed by 
asking the subject to perform five successive finger-
to-nose (FTN) movements with the arm they self-
selected. The task was initially demonstrated by the 
examiner. Testing was completed in either sitting or 
standing, but consistent across repeated trials for each 
subject. The shoulder was held in flexion at 90 degrees 
with the elbow and index finger extended. When 
given a start signal, subjects performed five successive 
finger-to-nose repetitions as quickly as possible. If the 
subject was able to complete all five repetitions in < 
4 seconds, a score of 1 was recorded. Failure to com-
plete or perform correctly was scored as 0. 

football league; however, most teams practiced two 
days each week with one game on the weekend. 
Subjects were asked to report any diagnosis of con-
cussion during the season but were not informed of 
their exclusion from the analysis. Scores were not 
revealed to the subjects or the parents, and no rec-
ommendations were made based on the scores.

Child-SCAT33: Three subcomponents of 
Cognitive ability, Balance, and Coordination
COGNITIVE: The Cognitive Assessment (SAC-C) 
portion of the test was divided into four areas: Ori-
entation, Immediate Memory, Concentration, and 
Delayed Recall. Orientation was assessed by ask-
ing the subject the month, date, day of week, and 
year. The number of correct responses was then 
summed to obtain a score (0-4). Immediate memory 
was assessed by verbalizing a list of five unrelated 
words to the subject and asking the subject to repeat 
“as many words back as you can remember, in any 
order”. This was repeated three times with correct 
responses tallied for a score out of 15. To vary the 
test, four different lists of words can be used at the 
examiner’s discretion; the same list must be used for 
all trials within each test administration. Concentra-
tion was assessed by verbalizing a string of numbers 
to the subject and asking the subject to repeat back 
the numbers in reverse order of what the examiner 
originally stated. Five strings of numbers are stan-
dardized in the Child-SCAT3, starting with a string 
of two and increasing in difficulty to six numbers. 
In the event a subject was successful in stating the 
numbers in reverse order, the subject progressed 
to the more difficult string of numbers. If subjects 
were unsuccessful, a new string of numbers of equal 
length to the unsuccessful trial was presented; sub-
jects were given two trials prior to progression to 
the next portion of the SAC. The score was recorded 
based on the total number of successful number 
strings the subject completed. The Concentration 
assessment also included a task to list the days of 
the week in reverse order, starting with Sunday. Sub-
jects who correctly performed this task received one 
point. The total of number numerical series correct 
and the “Days in Reverse Order” score were added 
together for a score ranging from 0-6. Following com-
pletion of the SAC-C and m-BESS, each subject was 
asked to repeat the list of words originally presented 
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p=0.481), or errors between groups (F=1.423, 
p=0.238) for overall m-BESS total errors. There was 
also no significant interaction between time and 
group (F=0.38, p=0.847).

In regard to Pre-Season Cognitive Orientation, the 
contact subjects had a preseason mean of 3.12 ± 
0.63 correct answers and the noncontact subjects 
had a preseason mean of 3.54 ± 0.66, which was a 
statistically significant difference between the ranks 
of the groups for cognitive orientation (p=0.038). 
When measuring Post-Season Immediate Memory, 
the contact subjects had a score for mean correct 
answers of 14.20 ± 1.02 during postseason testing 
while the noncontact subjects had a mean of correct 
answers of 13.00 ± 2.0, a statistically significant dif-
ference between groups for immediate memory dur-
ing post season testing (p=0.017). The analysis of 

Statistical Methods
Analysis was completed using SPSS version 21.18 A 
confidence interval of 95% and an a priori alpha 
level of 0.05 were used during analysis. Descriptive 
statistics were generated for all appropriate depen-
dent variables. An independent t-test was used to 
evaluate the difference of mean ages between the 
contact and non-contact groups. A mixed two-way 
Analysis of Variance (ANOVA) was used for the 
analysis of the independent variable of time at two 
levels (preseason and postseason) and the indepen-
dent variable of group at two levels (contact and 
noncontact) in evaluation of the SAC-C and m-BESS 
portions of the Child-SCAT3. Analysis of the indi-
vidual components of the SAC-C, Tandem Gait, 
and the Coordination exam, between groups, were 
evaluated non-parametrically via Mann-Whitney U 
statistic. To evaluate the overall change over time, 
the groups’ scores were combined and the individ-
ual test results were evaluated using the Wilcoxon 
Signed Ranks test. Non-parametric tests were used 
because these portions of the test did not meet para-
metric assumptions.

Results
The mean age for the contact group was 10.3 ±1.2 
yrs and the mean age of the non-contact group was 
10.0 ±1.2 yrs. No significant difference was found 
between groups for age (p=0.408). 

The mixed two-way ANOVA for SAC-C revealed no 
significant difference in time (F= 0.305, p=0.583), 
group (F= 0.710, p=0.403), or in interaction of time 
and group (F= 3.359, p=.073) in the overall total of 
SAC-C scores out of a possible score of 30. 

The mixed two-way ANOVA for m-BESS revealed 
no significant difference found in time (F=0.503, 

Table 1. Mixed Two Way ANOVA for Standardized Assessment of Concussion-
Child (SAC-C) scores

Figure 1. Standardized Assessment of Concussion- Child 
Version Scores for contact (red line) and non-contact (blue 
line) athletes from pre- to post-season.
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is in agreement with a similar study of neurological 
function in youth football athletes.4 However, these 
results need to be considered as data to promote fur-
ther testing of this type. The number of subjects is 
not large enough to be able to statistically identify 
group differences. This is supported by effect size 
and power (0.18 for group differences) for the analy-
sis being low.

Compared to their noncontact peers, the contact 
subjects demonstrated improvement in their mean 
overall SAC-C scores over the course of the season, 
while the noncontact subjects exhibited a slight 
decline in mean SAC-C scores. These results are not 
statistically significantly different across groups, 
time, or in the interaction of time and group. Like-
wise, this does not appear to be a clinically signifi-
cant difference; an improvement of one point may 
only be one more correct answer during the entire 
test, out of 30 possible points. This is below the Min-
imum Clinically Important Difference (MCID) of 
two, previously reported on the Standardized Assess-
ment of Concussion (SAC).19 However, a decline of 
one point has been reported to be 94% sensitive and 
76% specific for classifying concussed athletes ver-
sus non-concussed athletes following injury.20 The 
contact athletes in the current study demonstrated 
an improvement of 1.1 points in the mean score, 
not a decline that would be suggestive of impaired 
cognitive function. The SAC has been demonstrated 
to be stable over repeated administrations, and not 
subject to significant learning effects.21

The slight improvement of both groups in mean 
m-BESS scores, via a reduction in number of errors, 
for the contact and noncontact group, was not sta-
tistically significant across time, group, or the 

Pre-season versus Post-season cognitive orientation 
demonstrated a statistically significant difference 
in cognitive orientation (p=0.005) and coordina-
tion (p=0.003) across both groups over time. Post-
season scores on both measures were significantly 
higher than pre-season scores, indicating improved 
performance and an increase in number of correct 
answers from preseason to postseason testing. 

DISCUSSION
The results of the current study suggest that a sea-
son of subconcussive contact in 8-12 year old male 
football players as assessed with Child-SCAT3 does 
not have a detrimental effect on cognition and bal-
ance. There was no decline in cognitive function as 
measured by the SAC-C or in balance as measured 
by the m-BESS in these youth football athletes which 

Table 2. Mixed 2 Way ANOVA from the modifi ed Balance Error Scoring System 
(m-BESS) Assessment of Balance.

Figure 2. Mean errors on the Balance Error Scoring System  
for contact (red line) and non-contact (blue line)athletes from 
pre- to post-season.
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 reliability, the learning effect and improvement of 
the FTN task need to be considered for the subjects 
of the current study. The Child-SCAT3 does not allow 
for practice or repeated trials3 and any improvement 
in the ability to execute the task can likely be attrib-
uted to the learning effect with repeated testing.23-25 
The scoring of the Child-SCAT3 FTN coordination 
test is also an all-or-nothing task, an inability of the 
subject to correctly perform the task results in a fail-
ure and score of 0.3 

While significant differences were found in preseason 
cognitive orientation measures between groups 
(p=.038), these differences disappeared at post-sea-
son testing. The contact subjects improved in regard 
to mean correct answers; the noncontact subjects 
declined in their mean performance. This does not 
appear to be clinically significant19 as the difference 
in scores between the two groups is approximately 
0.5 points on the 5-question component. Interest-
ingly, when both groups were combined to evaluate 
the change over time of pre and post season scores 
a significant difference (p=.005) was present. Over-
all, subjects improved on this measure of cognitive 
function over the course of the season. However, the 
contact subjects improved to a greater degree as this 
group’s average score improved while the noncon-
tact subjects’ mean score declined. 

The results of cognitive orientation need to be viewed 
with consideration to the academic year. The con-
tact subjects were assessed prior to the beginning of 
the school year and tested again in November while 
enrolled in school. The noncontact subjects were 
initially assessed during April of the school year and 
reassessed in July during the summer break. This 
may have affected the results of the orientation test-
ing and overall SAC-C results as the subjects tested 
during the school year may have had the benefit of 
day/date reference while enrolled in school. 

The post season scores of immediate memory were 
significantly different (p=.017) with the contact sub-
jects scoring higher on this measure than the noncon-
tact subjects. While both groups had the same mean 
scores at preseason testing, the contact subjects’ mean 
score improved and the noncontact subjects’ mean 
score decreased. This difference between the contact 
and noncontact subjects is contrary to the expected 

interaction of time and group. Again, this was not 
considered clinically relevant, as the MCID in this 
age range is reported to be a difference of three 
errors.19 Inferences from these results should be 
made with the acknowledgement of the possibility 
of significant learning effects previously reported on 
the BESS with serial testing. The learning effect can 
be up to a two error difference over the course of 
60 days.21 Interrater reliability on the BESS has been 
reported to have an ICC of 0.57 to 0.85,22 and should 
not be considered as a limitation.

The improvement of coordination by both groups was 
statistically significant (p=0.003) yet these results do 
not appear to be clinically significant. The FTN task 
was reported to have good reliability (ICC=0.94).23 
The FTN coordination test has also been reported 
to have good interrater (ICC = .913 to .920)24 and 
intrarater reliability (ICC =.971 to .986)24 of time and 
execution of the task. Intrarater reliability was also 
reported to be good between testing sessions (ICC = 
.816 to .821).25 However, the testing methods in these 
reliability reports allowed for either practice tri-
als23,25 and/or repeated trials.23-25 Despite practice tri-
als, subjects demonstrated significant improvement 
with repeated trials24 (p<0.001).23,25 These results are 
not clinically significant as the difference was <0.09 
seconds and within the  estimated margin of error 
of the hand-held stopwatch.25 Despite the reports of 

Table 3. Mann-Whitney U signifi cance values for 
Standardized Assessment of Concussion-Child Version 
subcomponents between groups.
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the Child-SCAT3 as an option, not a requirement. 
Adding the foam component may have increased 
the variability in the current measurements, and it 
may have increased the sensitivity of the test.26

CONCLUSION
A season of subconcussive contact in youth football 
was not detrimental to cognition or balance assess-
ment via subcomponent sections of the Child-SCAT3 
in 8-12 year old youth football athletes. The contact 
subjects demonstrated no significant decline in cog-
nitive function compared to their non-contact peers 
in the overall SAC-C scores and showed minimal 
improvement in measures of orientation and imme-
diate memory. The contact subjects also improved 
in FTN coordination exam. Further research is rec-
ommended in this area to include other sports and 
female athletes in order to generalize the results of 
this study to larger contact athlete populations. 
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ABSTRACT
Background And Purpose: Although most patients recover from a mild traumatic brain injury (mTBI) 
within 7-14 days, 10-30% of people will experience prolonged mTBI symptoms. Currently, there are no 
standardized treatment protocols to guide physical therapy interventions for this population. The purpose 
of this case series was to describe the unique, multimodal evaluation and treatment approaches for each of 
the patients with post-concussion syndrome (PCS).

Case Description: Six pediatric athletes with PCS who had participated in physical therapy and fit the 
inclusion criteria for review were retrospectively chosen for analysis. Patients received a cervical evalua-
tion, an aerobic activity assessment, an oculomotor screen, and postural control assessment. Each patient 
participated in an individualized physical therapy treatment plan-of-care based on their presentation dur-
ing the evaluation. 

Outcomes: Patients were treated for a mean of 6.8 treatment sessions over 9.8 weeks. Four of six patients 
returned to their pre-injury level of activity while two returned to modified activity upon completion of 
physical therapy. Improvements were observed in symptom scores, gaze stability, balance and postural 
control measures, and patient self-management of symptoms. All patients demonstrated adequate self-
management of symptoms upon discharge from physical therapy.

Discussion/Conclusions: Physical therapy interventions for pediatric athletes with PCS may facilitate recov-
ery and improve function. Further research is needed to validate effective tools for assessment of patients 
who experience prolonged concussion symptoms as well as to establish support for specific post-mTBI physi-
cal therapy interventions.

Level of Evidence: Level 4

Keywords: Concussion, post-concussion syndrome, physical therapy
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BACKGROUND
An estimated 1.6 to 3.8 million sports-related mild trau-
matic brain injuries (mTBI), also commonly referred 
to as concussions, occur each year in the United 
States.1 Heightened media attention, increased aware-
ness about complications, and widespread enactment 
of legislation has stimulated a large increase in the 
number of patients and families seeking care for these 
injuries.2 Concussion was once considered to be a rel-
atively benign injury that resolved within 7-10 days, 
however now studies are showing that 10-30% of indi-
viduals that sustain mild head injuries may go on to 
experience symptoms and impairments for months-
to-years.3,4 Physical therapists possess the tools neces-
sary to treat many of these underlying impairments, 
and the role of the physical therapist is evolving into 
a key part of the health care team responsible for the 
management of patients struggling to recover from 
mTBIs.5,6

Appropriate interventions are derived from focused 
assessment strategies in physical therapy. Assessment 
and management of patients following mTBI can be 
challenging due to the elusive and unique presentation 
of symptoms associated with the diagnosis and a lack 
of standardized tools to assess impairments.7 Common 
examples of clinical post-mTBI assessment tools include 
symptom scales (e.g., Post-Concussion Symptom Scale; 
PCSS), neuropsychological tools (e.g., Immediate Post-
Concussion Assessment Tool; ImPACT), oculomotor 
function screens (e.g., gaze stability testing) and balance 
assessments (e.g., Balance Error Scoring System).5,8,9 A 
number of other types of assessments have also been 
suggested for evaluation of patients with mTBIs includ-
ing: headache assessments,5,10,11 cervical strength and 
motion assessments,5,7 vestibular assessments,5,12,13 and 
cardiovascular and respiratory assessments.4,5,14-17 

Typical treatment for a patient with acute mTBI is 
complete physical and cognitive rest until a full reso-
lution of symptoms.8 Intense exercise too soon after 
concussion may increase the risk for cerebral hem-
orrhage by increasing intracranial pressure18 and fur-
ther exacerbate the metabolic brain energy gap.15,19,20 
This concept of complete physical rest is being 
challenged in the population with prolonged symp-
toms. With symptomatic time frames extending into 
months, active rehabilitation protocols with a sub-
symptom or low-level symptoms range are becoming 

increasingly recognized as a potential way to facili-
tate recovery in this population.4,5,15,21,22 Active reha-
bilitation is believed to promote the neuroplasticity 
in the brain that contributes to symptom resolution 
and can benefit the overall well-being of the patient.21 
Gradual, sub-symptom exercise training can be ben-
eficial in allowing the brain to adapt to the increased 
physiologic demands of activity over time and allow 
the athletes to begin regaining their physical fitness.4 

Multidisciplinary care, including physical therapy, is 
widely recognized as a key element for success with 
patients struggling to recover from mTBIs.8 Although 
numerous consensus statements exist from a variety 
of medical domains,9 there are few studies regard-
ing rehabilitative strategies, and specifically physi-
cal therapy interventions, for patients struggling to 
recover from mTBIs.4 Therefore, an evidence-based 
physical therapy protocol is not currently avail-
able for patients suffering from prolonged concus-
sion effects. However, given the high incidence of 
headache,10,23 dizziness,12,13 balance deficits,24 and 
aerobic intolerance15 in these patients, physical ther-
apists have a wide repertoire of potential interven-
tion strategies that could help facilitate recovery in 
these patients. The purpose of this case series is to 
describe the multimodal interventions used to treat 
six separate pediatric patients with prolonged post-
mTBI symptoms to provide physical therapists with 
insight into treating this challenging population. 

CASE DECRIPTION(S)
Patient data were extracted from 18 months of elec-
tronic medical records for patients referred to physi-
cal therapy for protracted recovery from mTBI. The 
International Statistical Classification of Diseases, 
10th Revision (ICD-10), defines cases at 1-month 
duration with persistent symptoms as protracted, 
whereas other entities may define protracted as three 
months or more of persistent symptoms. For the 
purposes of this case series, protracted recovery was 
determined by the referring physician’s personal des-
ignation of the subject. A recent systematic review 
highlighted the difficulty with this diagnosis due to a 
lack of consensus on how PCS is defined.25 A patient’s 
record was eligible for inclusion if they: 1) consented 
to have their medical record data used for research 
purposes and signed a Health Insurance Portability 
and Accountability Act (HIPPA) waiver, 2) completed 
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a physical therapy evaluation and at least three sub-
sequent physical therapy treatment sessions, 3) had 
pre-treatment and post-treatment assessments for 
multiple tests and measures related to symptoms, pos-
tural control and activity tolerance. Patients’ records 
were excluded if they: 1) did not have plans to return 
to high level athletic activity, 2) were not compliant 
with the physical therapy plan of care, or 3) had any 
concomitant diagnoses that could significantly com-
plicate concussion recovery (e.g., positive findings on 
imaging, previous history of cardiovascular or neuro-
logical conditions). Access to the database from which 
the records were pulled was approved by the Institu-
tional Review Board and participants’ rights and pri-
vacy were protected throughout the entire process.

Six patients (4 males, 2 females; age range 15-19 
years) met the inclusion and exclusion criteria. Days 
since injury ranged from 19 to 192 (mean=81.7, 
SD=60.8) at the time of evaluation. All patients were 
evaluated by one of two licensed physical therapists, 
who are Doctors of Physical Therapy and board 
certified Sports Clinical Specialists with significant 
experience in treating children and adolescents 
experiencing protracted recovery from concussion. 
The average number of treatment sessions was 6.8 
over an average of 8.9 weeks. 

EXAMINATION

History
Subjective history, as reported by the patient and 
confirmed by parent or guardian when present, 
included: mechanism of injury, initial symptoms at 
the time of the injury, current symptoms, days of 
school missed, current activity levels and sports par-
ticipation, activity intolerance, current medications, 
other treatments being pursued, goals, and diag-
nostic testing (presented in Table 1). Imaging tests 
performed for all patients were unremarkable and 
none reported a loss of consciousness at the time of 
injury. Patient and family goals for physical therapy 
included returning to their prior level of everyday 
activity (ADLs, levels of fitness) and return to sports 
and recreational activities.

Systems Review
A systems review was conducted for all body sys-
tems with vigilance to any red flags indicating sys-

temic disease.26 Findings were negative for all basic 
cardiovascular, pulmonary, integumentary, neuro-
muscular and cognitive screens.

Clinical Impression 
The vast symptomatology associated with mTBI makes 
screening for contributing co-morbidities and/or rul-
ing out other diagnoses or medication side effects dif-
ficult.27 Benign paroxysmal positional vertigo (BPPV) 
is one example co-morbidity that may be present after 
mTBI.12 To rule this potential diagnosis out, a Dix-
Hallpike maneuver was performed when indicated. 
Pre-injury of migraine headaches or other chronic 
headache conditions, anxiety, depression, and atten-
tion-deficit hyperactivity disorder were also strongly 
considered as potential factors contributing to the 
unresolved symptom reports that included symptoms 
associated with these diagnoses.28 In addition, patients 
who experience a prolonged recovery may experience 
feelings of isolation and withdrawal from physical and 
social activity which could in-turn contribute to sec-
ondary manifestation of psychosocial characteristics 
that may not be related to the initial injury.21,28 There-
fore, these factors were also considered as potential 
contributors to patients’ symptom reports.  

Cervical Evaluation
Due to the whiplash-like mechanism that often 
occurs with head injuries, patients with mTBI may 
be susceptible to cervicogenic headaches. To evalu-
ate if patient’s post-mTBI headache symptoms had 
the potential to be cervicogenic in origin, then mea-
sures of strength, range of motion, tenderness to 
palpation and posture were assessed for the shoul-
der, periscapular, and cervical regions for all par-
ticipants. More specifically, patients were assessed 
for a unilateral headache with pain that was aggra-
vated by neck movements and a tenderness with 
palpation of sub occipital muscles and/or the upper 
three cervical joints.11 Any increase or decrease in 
symptom exacerbation while performing the cervi-
cal exam was interpreted as a potential indication 
to incorporate cervical spine manual therapy and/
or therapeutic interventions specifically targeting 
the cervical spine and periscapular regions. Tests for 
cervical instability, nerve root impingement, verte-
bral artery syndrome and thoracic outlet syndrome 
were also performed as necessary when indicated 
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be affected due to exaggerated sympathetic response, 
an impaired cerebral auto-regulation of cerebral 
blood flow.4, 15 This could be a primary effect of the 
mTBI associated with autonomic dysfunction,4, 15 a 
secondary effect from decreasing typical activity lev-
els during the acute recovery stages,15, 21 or a combi-
nation of both. Research suggests that a modification 
in mTBI symptoms as a result of physical activity 
lends to a physiological basis of prolonged concus-
sion symptoms that can theoretically be treated by a 
graded, sub-symptom exercise program.15 Therefore, 
an activity tolerance assessment was performed to 
screen for potential cardiovascular dysfunction or 
symptom exacerbation with exercise. 

by a patient’s history and/or findings during the cer-
vical screen.  

Four of six patients demonstrated deficits indicative 
of potential cervicogenic headache contributory fac-
tors. No patients demonstrated any red flag signs 
for cervical instability, vertebral artery syndrome or 
thoracic outlet syndrome that would preclude their 
participation in manual therapy techniques.

Activity Tolerance Assessment
Following mTBI, patients can demonstrate increased 
heart rate and uncommon variation in systolic blood 
pressure during exercise which can lead to symptom 
exacerbation.14, 16, 17 Moreover, exercise tolerance can 

Table 1. Patient history and characteristics gathered during initial evaluation

Patient Age Gender Sport Mechanism of Injury Initial Symptoms 
Current 
Medications 

Co-
Morbidites 

Multidisciplinary 
Care 

Concussion 
History 

Days Since 
Concussion 

1 15 F Lacrosse Ball to the head Headache, 
photophobia, 
phonophobia,difficulty 
concentrating, sleep 
disturbance 

Daily vitamin, 
ibuprofen, 
melatonin, 
riboflavin, 
amitriptyline* 

History of 
migraine, 
previous
concussion 

Physical Therapy, 
Sports Medicine, 
Neuropsychology 

2 33

2 18 M Soccer Head-to-head contact Headache, 
photophobia, 
dizziness 

Amitripyline, 
divalproex, 
naproxen
sodium, 
Coenzyme Q10*, 
Vitamin D* 

History of 
migraine, 
previous
concussion, 
dizziness 

Physical Therapy, 
Sports Medicine, 
Neurology, 
Neuropsychology, 
Vestibular 
Rehabilitation,
Headache Clinic 

2 192 

3 19 M Swimming Passenger in motor 
vehicle accident 

Headache, 
photophobia, 
phonophobia, 
dizziness, sleep 
disturbance, body 
aches from impact 

None, 
acetimenophen*, 
amoxicilln* 

Dizziness Physical Therapy, 
Sports Medicine 

1 19 

4 15 M Ice hockey Elbow to side of the 
head then hit back of 
head on the ice 

Feeling "out of it", 
photophobia, 
phonophobia, 
difficulty being 
upright, fatigue, 
fogginess, blurred 
vision 

Acetimenophen, 
butalbital-
acetaminophen-
caffeine, 
naproxen, 
sertraline, 
melatonin*, 
guaiFENesin*,  
Vitamin D* 

History of 
migraine, 
previous
concussion, 
psychosocial 
factors 

Physical Therapy, 
Sports Medicine, 
Neuropsychology 

2 77          

5 17 M Ice hockey Elbow to head and 
then a shoulder to 
head 18 days later 

Confusion, 
photophobia, 
phonophobia, 
dizziness, fatigue, 
nausea, difficulty 
concentrating, sleep 
disturbance  

Vitamin D, 
Coenzyme Q10, 
ibuprofen, 
melatonin, 
methylphenidate, 
Omega-3   

Amnesia, 
dizziness, 
learning
disabilities, 
previous
concussion, 
psychosocial 
factors 

Physical Therapy, 
Sports Medicine, 
Neuropsychology, 
Psychiatry 

3 86 

6 18 F Dance MVA, hit from behind, 
airbag did not deploy  

Stress with driving, 
anxiety, headaches, 
dizziness, excessive 
fatigue, sensitivity to  
light, moodiness, 
difficulty 
concentrating and 
remembering

Ibuprofen, 
melatonin, 
clonidine, 
fluoxetine, 
naproxen
sodium* 

Psychosocial 
issues, 
female 
gender

Physical Therapy, 
Sports Medicine, 
Psychiatry 

1 83 

*these medications were added during the course of the plan of care 
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patient. Post-exercise, patients’ symptoms, blood 
pressure, and heart rate were re-assessed. Once safe 
physiologic parameters for heart rate and blood pres-
sure were established, sub-symptom exercise could 
be performed below these levels to allow the patient 
with a protracted recovery to participate in active 
rehabilitation.14 

Patients 3 and 6 demonstrated a large reduction in 
symptoms scores after riding the bicycle ergometer, 
while the other patients’ symptoms scores remained 
the same or slightly increased. Improvements in 
symptom report after exercise are not uncommon 
in this population as exercise has been shown to 
improve blood flow to the brain and may simply 
improve mood levels.18 No abnormal responses in 
heart rate and blood pressure responses to the exer-
cise were observed for any of the subjects. 

Oculomotor Screen
Oculomotor and visual impairments (e.g., difficulty 
with horizontal and vertical tracking for such tasks 
as reading or navigating busy environments) are also 
common with mTBI.32-34 To rule out the need for spe-
cific vestibular and visual specialist interventions, 
patients underwent a basic oculomotor screen. This 
screen included a test of gaze stability to assess func-
tion of their vestibulo-ocular reflex (VOR).24 For this 
assessment, patients’ were positioned three feet away 
from an “X” on the wall. While keeping their eyes 
focused on the “X,” patients turned their heads repeat-
edly approximately 45 degrees to each side. Patients 
were instructed to attempt to complete up to 30 rep-
etitions (one full cycle from right to left and back was 
recorded as one repetition). If symptoms were exac-
erbated by the activity, the patient was instructed to 
stop and the number of repetitions was noted. 

Although none of the patients demonstrated clear 
signs of a vestibular complication or visual impair-
ment that warranted further evaluation by a ves-
tibular or visual specialist, four of six demonstrated 
some general, diminished tolerance to this oculomo-
tor challenge (Table 2). 

Balance and Postural Control Assessments
Balance deficits and postural control dysfunction are 
also common after concussion24 and have been shown 
to persist in children for 12 weeks or more.21, 35 Balance 

Prior to engaging in the activity tolerance assess-
ment, patients completed the Post-Concussion 
Symptom Scale (PCSS) checklist.29 The PCSS asks 
patients to rate their symptoms such as “headache” 
or “dizziness” on a Likert scale of 0 to 6, with 0 mean-
ing “none” and 6 meaning “severe.” Resting heart 
rate and blood pressure were also assessed using 
an automatic wrist blood pressure monitor (Omron 
Healthcare Inc, Bannockburn, IL) prior to beginning 
the activity assessment. These results are reported 
in Table 2. 

Patients were then instructed to ride a bicycle 
ergometer for 10 minutes at a Rating of Perceived 
Exertion determined by the physical therapist rang-
ing between 11 and 13 on the Borg Scale.30 A “13” on 
the Borg Scale corresponds to “somewhat hard.” The 
Borg scale has been validated as a reliable patient-
reported measure of perceived exertion in children 
performing cycle ergometry.31 In the event the 
patient reported an immediate increase in symp-
toms, the activity was stopped, and the amount of 
time and Borg Scale level were documented for the 

Table 2. Examination fi ndings

Patient Pre-Exercise Assessment Post-Exercise Assessment 
Gaze

Stability 

1 PCSS Severity Score 16 PCSS Severity Score 17 18 
PCSS # of Symptoms 10 PCSS # of Symptoms 10 
Blood Pressure 112/58 Blood Pressure 108/66 
Heart Rate 83 Heart Rate 111 

2 PCSS Severity Score 3 PCSS Severity Score 4 30 
PCSS # of Symptoms 1 PCSS # of Symptoms 1 
Blood Pressure 116/93 Blood Pressure 116/74 
Heart Rate 79 Heart Rate 84 

3 PCSS Severity Score 40 PCSS Severity Score 14 30 
PCSS # of Symptoms 12 PCSS # of Symptoms 7 
Blood Pressure 111/71 Blood Pressure 133/79 
Heart Rate 78 Heart Rate 90 

4 PCSS Severity Score 44 PCSS Severity Score 45 11 
PCSS # of Symptoms 14 PCSS # of Symptoms 12 
Blood Pressure 114/62 Blood Pressure 126/79 
Heart Rate 85 Heart Rate 129 

5 PCSS Severity Score 28 PCSS Severity Score 29 30
PCSS # of Symptoms 14 PCSS # of Symptoms 12 (symptomatic) 
Blood Pressure 107/61 Blood Pressure 123/73 
Heart Rate 61 Heart Rate 103 

6 PCSS Severity Score 66 PCSS Severity Score 43 4 
PCSS # of Symptoms 20 PCSS # of Symptoms 17 
Blood Pressure 110/65 Blood Pressure 123/70 
Heart Rate 65 Heart Rate 67   

Abbreviations: PCSS-- Post-Concussion Symptom Scale 
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naturally at their sides and eyes focused on a target 
approximately three feet in front of them (Figure 
2). A two-minute protocol was selected based on the 
recommendations of Gao et al.45 and the eyes open 
condition was selected as it tends to yield more reli-
able postural dynamics results.43 Although a number 
of studies pertaining to postural sway dynamics and 
mTBI have utilized Approximate Entropy as the pri-
mary form of analysis of the dynamics,35,41 Sample 
Entropy (SampEn) was chosen for this case study 
based on more recent recommendations.46,47 Sam-
pEn quantifies the repeatability of sub-sets of data 
strings within a time series. A high degree of repeat-
ability (lower SampEn) is indicative of a time series 
that is more regular and predictable, while a low 
degree of repeatability (higher SampEn) indicates 
that the time series is less structured and more ran-
dom. Custom MATLAB code was utilized to identify 
optimal template sizes (m; m= 2) and a matching 
threshold value (r; r = .2) and compute SampEn for 
the medial-lateral direction for each patient. In addi-
tion, a mean SampEn score of .1483 with a standard 
deviation of .05 was created a sample of 135 healthy 

and postural control testing for these patients included 
the Balance Error Scoring System (BESS)10,36,37 and a 
force plate assessment of postural sway.8,35 The BESS is a 
commonly utilized observer-rated measure that consists 
of three stances performed on two different surfaces 
for 20 seconds each with the subject’s eyes closed (Fig-
ure 1). The observer counts the total number of errors 
that occur during each trial.38 Olson39 reports normative 
values for the BESS for healthy children ages 11-18 as 
12.94±4.5. BESS scores for the initial evaluation relative 
to this normative mean score are reported in Figure 3. 

Clinical force plate assessments of postural control 
dynamics (patterns within a person’s sway over time) 
are still evolving40-42 and have recently emerged as a 
potential way to evaluate postural control deficits in 
youth following mTBI.43,44 However, several studies 
indicate that postural sway dynamics may be altered 
following mTBI, and these alterations may persist 
even when other measures of postural sway and bal-
ance have resolved.35,40 

Patients stood without shoes on an AMTI force 
plate sampled at 100 Hz with their arms hanging 

Figure 1. The six stances of the Balance Error Scoring System (BESS Test). This fi gure illustrates the six stances use for the Bal-
ance Error Scoring System. The subject stands on two different surfaces (fl oor and foam) in three different stances (double leg, 
single leg, tandem stance) for 20-second intervals with eyes closed. Errors during each trial are counted by a trained observer.
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ventions based upon their personal needs identified 
during the examination (Table 3). Re-introduction 
of low-level physical activity after long periods of 
deconditioning in the athlete has been shown to 
help restore physiological homeostasis in the brain 
and reduce symptom exacerbation.15 All in-clinic 
treatment sessions began with up to 10 minutes 
on the bicycle ergometer at an RPE determined 
by the patient’s response to their initial examina-
tion. A PCSS checklist and vital assessments were 
performed before and immediately following the 
aerobic activity. As appropriate, patients were pro-
gressed through longer duration, higher intensity, 
and multimodal aerobic and anaerobic activity that 
included light jogging, run/jog intervals, intervals 
on the bike, upper body ergometer, and elliptical. 

Progression to interval and sport-specific exer-
cise was incorporated as the patient demonstrated 
increased tolerance to physical activity by stable or 
reduced symptom scores with long-duration aero-
bic activity. Interval training utilizing variable work 
and rest ratios was implemented to challenge the 
patient’s tolerance to high intensity activity. Modes 
included stationary bicycling, upper body ergome-
ter cycle, walking/jogging, and the elliptical. Sport-
specific skills included the agility ladder, mountain 
climbers, box jumps, tuck jumps, single and double 
leg line jumps, and incorporation of sporting balls 

adolescents ages 8-21 years. Patients’ initial SampEn 
scores relative to this mean score for healthy nor-
mals are presented in Figure 4.

Interventions
All patients received a combination of in-clinic ses-
sions consisting of cardiovascular, musculoskeletal, 
postural control and vestibular/oculomotor inter-

Figure 2. Force plate assessment position. This fi gure illus-
trates the positioning for the administration of the force plate 
protocol to measure postural sway. Patients stood in quiet 
stance for two minutes with their eyes focused on a target 
approximately 3 feet away.

Figure 3. Change in BESS performances pre- to post- inter-
ventions. This fi gure illustrates the change in total number of 
errors recorded during the Balance Error Scoring System 
(BESS Test) from initial testing to fi nal testing. The dashed 
line represents the mean score for children ages 11-18 years 
previously reported in the literature.

Figure 4. Change in sample entropy in the medial-lateral 
direction eyes open condition. This fi gure illustrates the 
change in Sample Entropy in the medial/lateral direction, 
during the eyes open condition, which was recorded during 
the force plate protocol from initial to fi nal testing. The dashed 
line represents the mean Sample Entropy score for a cohort of 
135 healthy adolescents age 8-21 years.
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Table 3. Interventions

Target System Types of Exercise Goals Examples Progression HEP Examples Terminate/Red Flags
Cardiovascular  Aerobic To

progressively 
increase
cardiovascular 
endurance and 
activity 
tolerance with 
minimal to no 
symptom 
exacerbation 

Initial 10 
minute
warmup on 
bicycle 
ergometer, 
additional
biking,
walk/jog, 
elliptical 

When patient 
is able to 
complete
aerobic
exercise
without 
symptom 
exacerbation, 
anaerobic
and sports-
specific
activities are 
introduced

10 minutes 
walking with 
intensity set by 
treating therapist 
usually at Borg 
level 11-13 

Excessive symptom 
exacerbation or 
aberrant vitals 

Anaerobic, Sport-
Specific

To
progressively 
increase sport-
specific
endurance and 
activity 
tolerance with 
minimal to no 
symptom 
exacerbation 

Swimming, 
agility ladder, 
mountain
climbers, 
tuck jumps, 
ball skills 

Incorporation
of work/rest 
ratios to 
reflect sport-
specific
demands

Non-contact,
sport-specific
participation with 
activity 
modification
based on 
symptom 
exacerbation 

Excessive symptom 
exacerbation or 
aberrant vitals 

Musculoskeletal Stretching To normalize 
ROM, flexibility,  
posture and 
pain
management

Stretching of 
levator 
scapuale and 
upper
trapezius

Manual
stretching by 
therapist to 
self-stretch 
by patient  

Levator scapulae 
and upper 
trapezius stretch 
for 30 seconds 
each multiple 
times throughout 
the day 

Positive findings for 
cervical instability 
and/or vertebral 
artery syndrome 

Resistance Exercise To increase 
heart rate 
through large 
muscle group 
activation and 
condition for 
eventual sport-
specific
purposes

Sidestepping
w/ 
theraband, 
walking 
lunges, leg 
press, push 
ups

Alter
work/rest 
ratio to reflect 
interval 
workout as 
patient
demonstrates
proper
control of the 
activity 

Sidestepping with 
theraband, 
participation in 
resistance
training regimen 
at local gym 

Excessive symptom 
exacerbation or 
aberrant vitals 

Postural Re-Education To improve 
activation and 
control of 
appropriate 
postural
musculature  

Deep neck 
flexor
endurance,
scapular
retractions,
planks, rows, 
prone
walkouts on 
a stability ball 

Movement
from gravity- 
minimized to 
against
gravity 
positioning,
use of stable 
surface with 
progression
to stability 
ball and/or 
TRX

Prone chin tuck 
with various 
scapular/shoulder
movements

Positive findings for 
cervical instability 
and/or vertebral 
artery syndrome 

Manual Therapy To improve joint 
mobility, 
cervical ROM, 
and pain 
management

Soft tissue 
mobilization,
suboccipital
release,
manual
glides at C2, 
first rib 
mobilizations

Incorporate
more or less 
duration and 
techniques
as per patient 
response

Manual therapy 
was not 
prescribed as 
part of the HEP 

Positive findings for 
cervical instability 
and/or vertebral 
artery syndrome 
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control exercises were incorporated for all patients, 
regardless of their performance on the postural control 
tests during the initial examination. These exercises 
targeted balance, proprioception, and general lower 
extremity neuromuscular control such as balancing 
with ball tossing, walking lunges, multi-directional 
step-ups with emphasis on trunk control and many 
others.

Vestibular rehabilitation in children, including gaze 
stability exercises, has been shown to significantly 
reduce dizziness resulting from mTBI.12 Since all 
patients demonstrated at least a mild intolerance 
during gaze stability screen, gaze stability exercises 
were incorporated into the patients’ treatments until 
they were able to perform at least 30 repetitions of 
horizontal head turns. These exercises began in sit-
ting with a slower speed and then were progressed 
to standing, faster speeds, and greater repetitions.

Due to the cognitive sequelae that accompany a 
concussion injury, dual tasking can be a useful and 
functional way to progress exercises.50 In addition, 

into activities such as kicking a soccer ball into net. 
Vitals and symptoms were monitored periodically 
throughout the session at the therapist’s discretion; 
most commonly with the introduction of a new or 
particularly strenuous exercise or with a patient 
report of symptom exacerbation. 

As children and adolescents tend to have less well-
developed neck and shoulder musculature in general, 
which may increase their risk for initial and recur-
rent mTBIs,7 all patients also received exercises that 
specifically targeted neck strength. Patients whose 
cervical examination demonstrated a possible cervi-
cogenic origin of headache pain also received manual 
therapy interventions such as soft tissue mobiliza-
tion, suboccipital release, and manual stretches for 
the upper trapezius and levator scapulae muscles.5,11 

Several authors have demonstrated that even once 
postural stability has appeared to stabilize following 
mTBI, patients may continue to have impairments in 
their postural control and motor control abilities.35,48,49 
Therefore, general postural control, balance and motor 

Table 3. (Continued) Interventions

Postural
Control 

Balance To address 
deficits in 
balance,
stability, 
proprioception,
postural  and 
lower extremity 
neuromuscular
control

Single leg, 
double leg 
and tandem 
stance
activities, 
plyotoss with 
a weighted 
ball on the 
rockerboard, 
BOSU 
squats,
Biodex

Progress
from double 
leg to single 
leg and 
tandem
stance
activities, firm 
to unstable 
surface, add 
perturbations 

Single leg 
balance

Excessive instability 
indicating heightened 
fall risk 

 Dual Tasking To address 
concomitant
cognitive
deficits that 
accompany 
musculoskeletal
symptoms of 
concussion

Single leg 
balance on 
an unstable 
surface while 
reciting the 
alphabet
backwards, 
scheduling of 
appointments
during busy 
times in the 
clinic 

add cognitive 
element or 
layers to task 
after patient 
demonstrates
adequate
ability in the 
controlled
environment

Dual tasking was 
not prescribed as 
part of the HEP 

Excessive instability 
indicating heightened 
fall risk 

Vestibular/ 
Oculomotor 

Gaze Stability To eliminate 
symptom 
exacerbation 
with concurrent 
head/eye 
movement

Repetitive
horizontal
head turns 
with the eyes 
fixed on a 
target in front 
of you 

Increase
speed,
repetitions,
and change 
background/
complexity 

Horizontal head 
turns up to 30 
repetitions
without symptom 
exacerbation 
before
discontinuation of 
the exercise 

Excessive vestibular 
symptoms that 
necessitate a referral 
to a vestibular 
specialist 

ROM= range of motion; TRX= suspension training system; P/A= posterior/anterior; HEP= home exercise program 
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symptom severities at their final session compared 
to their initial sessions (Figure 5).

Four out of the six patients made fewer errors on the 
BESS test during their post-intervention assessment 
compared to their pre-intervention assessment, while 
two patients made the same number of errors in both 
assessments (Figure 3). Four out of the six patients 
had SampEn scores that were closer to the mean 
score for the healthy cohort of subjects compared to 
their initial scores (Figure 4). All six patients reported 
lower symptom severity in their resting PCSS assess-
ments at their final evaluations (Figure 5). In spite of 
these improvements, only one of the six patients had 
returned to full pre-injury activity levels at the time 
of their final physical therapy assessments. How-
ever, a follow-up chart review indicated that four of 
six patients were back to pre-injury levels and types 
of activity within 3-6 months after discharge from 
physical therapy. Of the remaining two patients, one 
decided to pursue only recreational activities and the 
other chose a sport with less risk of contact injury. 

DISCUSSION
The purpose of this case series was to provide a 
framework of evaluation and subsequent treatment 

athletic performance often requires the simultane-
ous performance of cognitive and motor tasks. As 
such, tasks in the clinic were combined to challenge 
the patient’s multi-tasking ability and to stress their 
cognitive processes. For example, a balance exercise 
such as single leg balance on a firm surface was pro-
gressed to an unstable surface, to an unstable sur-
face with a ball toss, to an unstable surface with a 
ball toss while reciting the alphabet backwards. Dual 
tasking has been shown to improve performance 
during balance activities in healthy subjects versus 
individual balance tasks performed alone.50 

Dual-tasking intervention methods were also fac-
tored in with regard to the clinic environment and 
the scheduling of treatment sessions. Patients who 
were very sensitive to external stimuli were sched-
uled during quiet, morning appointments early in 
their treatment sessions rather than in the busy 
after school environment. Once the therapist felt it 
was appropriate to progressively expose the patient 
to increased external stimuli, these patients were 
scheduled at busier times in the clinic, which was 
viewed as a progression of treatment. 

In addition to the in-clinic interventions, each patient 
was also given a progressive home exercise program 
(HEP) with recommendations to complete three to 
five days per week. HEPs for all patients included at 
least 10 minutes of an aerobic modality (e.g., station-
ary bike or walking) as well as vestibular/oculomotor 
exercises, postural exercises and stretching of the neck 
musculature. The HEP was progressed and sport-spe-
cific exercises were added in on a case-by-case basis 
relative to the patient’s progress and goals. All patients 
were encouraged to monitor their response while per-
forming their HEPs and to make modifications as nec-
essary to avoid excessive symptom exacerbation. 

OUTCOMES
Table 4 provides the results of the re-assessments 
performed at their final in-clinic session, and Table 5 
provides a summary of individual outcomes for each 
patient. 

It is important to note that post-exercise assessments 
were actually performed at a higher intensity at the 
final session relative to their initial assessment as 
it was based on each participant’s post-intervention 
RPE levels. All six patients reported lower resting 

Table 4. Outcomes and fi nal re-assessment
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techniques for the assessment and management of 
patients with prolonged recovery from mTBI. Most 
studies currently focus on psychotherapeutic and 
pharmaceutical management of prolonged mTBI 
symptoms.51-53 These forms of treatment do not 
directly target the physical impairments present in 
this population. Prior literature has also shown a 
multi-modal approach to treatment in adolescents 
to be safe and effective at symptom reduction, how-
ever without great detail about how their evaluations 
shaped their individualized treatment approaches.54 
The outcomes of the patients from this case series 
suggest that a physical therapy program incorporating 
a multi-modal approach may help facilitate symptom 
reduction, improve self-management abilities, and 
safely enhance function in this patient population. 

Table 3. Summary of Individual Patient Outcomes

Patient emoctuO

1

Patient 1 initially had a persistent headache that was greatly improved by her final physical therapy 
session. She self-discharged from therapy prior to full clearance to return to sports by her referring 
physician. However, her medical record indicated she was cleared officially to return to full activities 
eleven weeks later. At the time of her return, the physician reported minimal indication of lingering 
symptoms or impairments and a final taper of her amitriptyline had been initiated. 

2

Patient 2 was discharged from physical therapy due to adequate self-management of his symptoms 
and eventually cleared for full participation in soccer activities 3 months later. At the time of his 
physical therapy discharge, he still presented with a low-level (less than 1/10) headache but was 
being followed by the headache clinic due to a determination that his headache was migraine-related.  
He was still taking Elavil regularly and had his headache symptoms under control even with full sports 
participation.

3
Patient 3 met all of his physical therapy goals and was discharged from physical therapy and by his 
sports medicine physician to continue aerobic activity on his own.  As of his final physical therapy 
treatment session, the patient had been cleared for full sport participation in competitive swimming. 

4

Patient 4 had not returned to hockey as of his last medical record report.  The patient was discharged 
from physical therapy to complete his HEP independently and simultaneously counseled by his 
Sports Medicine physician to delay a return to contact sports.  Due to ongoing cognitive issues with 
memory recall and processing speed, a consultation with a neuropsychologist assisted with the 
implementation of a 504 plan at the patient’s school which vastly improved his academic 
performance.   The patient had stopped taking Zoloft and Melatonin but continued with Vitamin D 
supplementation and Tylenol or ibuprofen as needed.  As of last report, the patient was regularly 
participating in hiking and hunting activities. 

5
Being his third concussion, Patient 5 expressed a desire to return to a less contact-oriented sport 
such as golf or swimming. The patient self-discharged from physical therapy and his Sports Medicine 
physician prior to beginning a running program.  Thus, his final activity status is unknown. 

6
Patient 6 was discharged from physical therapy and encouraged to participate fully in dance activities 
with activity modifications necessary to prevent symptoms.  The patient was simultaneously 
discharged from psychological counseling and 6 months later was off Prozac and participating in 2-3 
hours per dance a day. 

Figure 5. Change in resting Post-Concussion Symptom 
Scale (PCSS) scores pre- to post- interventions. This fi gure is a 
graphic representation of the reduction in patient symptom 
severity scores from evaluation to fi nal treatment session as 
measured by the Post-Concussion Symptom Scale.
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Consequently, it is difficult to determine the clini-
cal meaningfulness of the patients’ changes in BESS 
performance. Likewise, SampEn measures are still 
relatively novel and complicated from a clinical 
implementation standpoint. They require expensive 
equipment and expertise to be able to implement. 
In addition, it is theorized that there may be an opti-
mal range of healthy dynamics, and impairments 
may be observed as either higher or lower than this 
“healthy range.” There are currently no studies that 
provide evidence about what the healthy range for 
SampEn might be for  children and adolescents. With 
regard to the patient scores in this study, scores were 
observed both above and below an unpublished 
mean score for a cohort of healthy individuals. How-
ever, the healthy cohort consisted of a wide range 
of ages, and a relatively small sample for making a 
good population estimate. Future studies with large 
sample sizes that account for potential age-related 
confounders should be performed to improve the 
utility of this assessment method.

CONCLUSIONS
Over the past few years the healthcare system has 
seen a rise in the number of patients requiring treat-
ment for mTBIs. Patients experiencing prolonged 
symptoms are often a challenge to treat and benefit 
from comprehensive care from a multidisciplinary 
healthcare team. Many of the deficits experienced 
by patients with protracted recovery can be treated 
within the physical therapist’s scope of practice. 
Although a number of consensus statements and 
commentaries regarding the assessment and man-
agement of mTBIs in the acute phase of injury recov-
ery are currently available, guidelines and studies 
related to management of patients with prolonged 
symptoms following mTBIs are sparse.7, 8 This case 
series describes a set of multimodal physical ther-
apy interventions and subsequent outcomes for 
six separate pediatric patients with prolonged post-
mTBI symptoms to provide physical therapists with 
insight into treating this challenging population.
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The use of symptom scores is a widely accepted and 
useful tool used for acute and prolonged-concussion 
management.53, 55 However, Iverson et al56 recorded 
a score of at least five on the PCSS scale for healthy, 
non-concussed, young adult subjects. A review of 
consensus statements9 highlight the goal of being 
asymptomatic prior to return to play, however it is 
recognized that the final determination is a medical 
decision based on clinical judgment.8 Therefore, the 
presence of symptoms in patients following an mTBI 
may not necessarily be an indication of stunted 
recovery but rather typical symptoms present in a 
healthy population. A modification in sports par-
ticipation is sometimes necessary to avoid excessive 
symptom exacerbation in patients or to minimize 
risk for future complications such as a subsequent 
head injury. Two of the six patients did not return 
to their previous sports due to personal choice to 
minimize risk for future injury. For these reasons, 
a return to full participation in pre-injury activities 
with no reported symptoms at the time of discharge 
from physical therapy may be an unrealistic expec-
tation for this patient population. A patient-reported 
ability to function at near baseline capacity, perform 
ADL’s, and participate in chosen activities may be a 
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ABSTRACT
Background/Purpose: Plantar fasciitis (PF), a common condition affecting physically active individuals, is typically 
treated with orthotics, two to four months of stretching programs, and/or surgery. Primal Reflex Release TechniqueTM 
(PRRT) is thought to reduce over-arousal of the nervous system through down-regulation of the primal reflexes. The 
technique has been suggested as a novel treatment method for patients suffering from PF. The purpose of this case 
series was to examine the effects of PRRT on patients with PF.

Description of Cases: The PRRT technique was applied in eight consecutive cases of PF in physically active subjects. 
The Numeric Pain Rating Scale, the Disability in the Physically Active (DPA) Scale, and the Patient Specific Functional 
Scale (PSFS) were administered to identify patient-reported pain and dysfunction. 

Outcomes: Primal Reflex Release Technique (PRRT) was an effective treatment for subjects with either acute or chronic 
PF. The use of the PRRT treatment resulted in an average reduction in plantar fascia pain across all subjects that was 
both statistically significant and clinically following a single treatment. Statistically and clinically significant improve-
ments on averaged measures of function, such as the DPA Scale and PSFS, were also found over the course of 
treatment.

Discussion: In this case series, the use of PRRT produced positive changes in terms of improvements in reported pain 
and dysfunction and a shorter time to resolution, when compared to traditional treatment methods for PF reported in 
the literature. Subjects who undergo PRRT treatment for both acute and chronic PF may experience reduction in pain 
and improvement of function that exceeds what is experienced in traditional conservative therapy programs found in 
the available literature. Clinicians should consider the regional interdependence model in order to identify underlying 
related factors when evaluating and treating PF. The autonomic nervous system may play a role in the perception of 
pain and should be addressed during treatment.

Level of Evidence: Level 4 – case series

Keywords: Autonomic nervous system, primal reflex, regional interdependence, up-regulation.
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BACKGROUND AND PURPOSE
Plantar fasciitis (PF) is a condition that results in one 
million medical visits each year, with primary care 
physicians seeing 62% of all patients who seek med-
ical care for PF.1 Factors that have been linked to PF 
include age, increased body mass index, decreased 
ankle dorsiflexion, prolonged periods of weight bear-
ing, pes planus foot type, and increased metatarsal 
pressure and forefoot pronation during gait.2-4 Run-
ners commonly experience PF, with incidence rates 
ranging from 4.5%-10%.5,6 

Traditionally, diagnosis of PF is made following a 
detailed history combined with clinical evaluation.7,8 
Primary symptoms include: descriptions of throb-
bing, piercing, or stabbing pain; inferior heel pain 
when bearing weight, especially in the morning or 
after inactivity; pain that improves after brief activ-
ity but worsens with prolonged activity.7,8 The pain 
is often insidious in nature, occurring without report 
of a direct mechanism of injury.9 The primary physi-
cal exam finding is tenderness to palpation at the 
medial calcaneal tubercle,7,8 while some research-
ers suggest limitations in dorsiflexion10 and strength 
(i.e., plantarflexion, toe flexion)10,11 are also present 
in individuals with PF. Neurological findings during 
an exam point towards a differential diagnosis of tar-
sal tunnel syndrome or abductor digiti quinti nerve 
entrapment.7,8 The transition from an acute PF diag-
nosis to a chronic PF is traditionally made when the 
symptoms have been present for a minimum of ten 
months.12,13 When diagnosing PF, it is important to 
consider both the insidious onset and the possibility 
of spontaneous recovery with the condition. Cases 
of PF have recovered without surgical intervention 
within 10-11 months of onset.14 

Regional interdependence relates to the concept that 
dysfunction in one area or system of the body may 
result in perceived pain or deficiency in another 
region of the body.15,16 One system of the body that 
may contribute to plantar fascia pain is the nervous 
system and its associated network of reflexes. Over-
stimulation of the nervous system can result in pain 
and dysfunction.17,18 Primal reflexes control unlearned 
movement patterns and are triggered as protective 
defense mechanisms for the body.19 The withdrawal 
reflex and the startle reflex are two examples of pri-
mal reflexes.20 When an individual goes through the 

fight, flight or freeze response, the muscles reflexively 
tense in preparation for the response.21 Following 
activation of primal reflexes, pain may be produced 
through “up-regulation”, a sustained period of height-
ened arousal of the nervous system.22 

Primal Reflex Release TechniqueTM (PRRT) is a treat-
ment paradigm that falls under the regional inter-
dependent approach to patient care and involves 
down-regulating an overstimulated autonomic ner-
vous system in order to reduce patterns of pain.18 
The paradigm is designed to address the neural sys-
tem by resetting (recalibrating) hyper-aroused pri-
mal reflexes within the body.22 Sensitized areas are 
located using bilateral palpation during a one-min-
ute nociceptive evaluation.23 If, however, a specific 
condition is the problem of interest, the clinician 
can follow a specific PRRT procedure as treatment. 
The treatment involves providing 12 seconds of 
light, swift sensation in the form of repetitive deep 
tendon reflexes (DTR) that tap or stimulate the skin 
to inhibit painful areas.23,24 These reflex stimulations 
are generally performed lightly (as to not initiate a 
pain response) with several repetitions. A potential 
explanatory theory is that these repetitive reflex 
stimulations send many impulses to the spinal cord, 
which may cause the spinal cord and brain to tem-
porarily “overload” and “reset”. When this happens, 
the brain may evaluate the situation and determine 
the current circumstances. If there was no actual 
current pathology or illness, rather only a faulty 
neurological circuit, the brain will clear the faulty 
pattern. This mechanism is similar to what may be 
happening in the gate theory of pain control.

Designed for use with both acute and chronic con-
ditions, the developers of PRRT created a protocol 
for patients with neuromuscular dysfunction pre-
senting as PF. The PRRT treatment for PF is based 
on the previously discussed foundational theory 
and requires the clinician to address neurological 
adaptations that may cause pain or may arise as a 
result of repetitive stress to the nervous system. A 
five-step process for evaluating and treating plan-
tar fasciitis has been identified. The steps involve 
the neuromuscular “resetting” of five areas, includ-
ing the: sacroiliac joint (through the hip adductors), 
peroneal tendons, triceps surae complex, hamstring 
musculature, and the toe flexors.25 
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The purpose of this case series was to examine the 
effects of PRRT on PF in active individuals. Research 
questions included: (a) Does a single bout of PRRT 
reduce pain on the Numerical Pain Rating Scale 
(NPRS) in subjects with PF? (b) Does PRRT improve 
scores on the NPRS, Patient-Specific Functional 
Scale (PSFS) and the Disablement in the Physically 
Active (DPA) Scale from initial visit to discharge? (c) 
Do subjects report continued resolution of the symp-
toms at 2 week, 1 month, and 2 month follow-ups? 

Description of Cases: Subject History and 
Systems Review
A total of eight physically active subjects (4 cross 
country athletes, 2 track athletes, 1 lacrosse athlete, 
and 1 university employee) ranging in age from 18-40 
years (mean=22.22 ± 6.76 years) presented to the 
athletic training clinic with complaints of plantar fas-
cia pain (Table 1). The current study of subjects pre-
senting with plantar fascia pain features an a priori 
design. All subjects were evaluated in the same man-
ner to determine eligibility for inclusion. Outcome 
measures were collected for all subjects enrolled in 
the study. The PRRT treatment protocol was identical 
for all subjects. No other intervention (e.g., stretching, 
change in footwear) was applied and no activity mod-
ifications were imposed. Each subject gave informed 
consent to the use of data concerning his/her case 
for publication. Subject confidentiality was protected 
according to the United States’ Health Insurance Por-
tability and Accountability Act (HIPAA). 

Clinical Impression #1
Subjects were included in the study if they presented 
with: pain or tenderness in the medial arch and 
at the insertion of the plantar fascia at the medial 
tubercle of the calcaneus; pain with walking or dor-
siflexion of the toes, especially in the morning. Sub-
jects were excluded if they had known neurological 
impingement, cancer, a history of recent fracture, or 
acute lower extremity surgery. One subject present-
ing with plantar foot pain was excluded due to pain 
located along the lateral border of the foot, leaving 
seven subjects to be included in the study.

Examination
Evaluation included an extensive history relating to 
pain location, intensity, frequency/duration, and 
prior ankle sprains (Table 2). All subjects (N = 7) 
presented with plantar fascia pain that was either 
acute (N=5) or chronic (N=3) in nature (subject #4 
had bilateral pain). For the purposes of this study, 
chronic PF was defined as having minimum symp-
tom duration of 10 months,8 with acute PF symp-
toms lasting less than 10 months. 

Clinical Impression #2
The NPRS was administered pre- and post-treatment 
(all sessions) and at discharge. The DPA Scale and 
the PSFS were also administered at initial evalua-
tion and discharge. Following evaluation and collec-
tion of initial outcomes measures, the subject was 
treated with the PRRT treatment for PF described 

Table 1. Demographic information for patients with plantar pain. Onset is listed as 
acute or chronic with duration of symptoms prior to initiation of treatment listed in 
parentheses

ID Age Gender Sport Unilateral or 
Bilateral

Onset
(duration of symptoms)

1 19 Female Cross Country Unilateral Chronic (1 year) 
2 19 Female Cross Country Unilateral Chronic (2 years) 

3 21 Female Lacrosse Unilateral Acute (2 months) 
4 21 Female Track and Field Bilateral Acute (2.5 months – L;

2 days – R) 
5 40 Male Recreational Unilateral Chronic (1 year) 
6 20 Female Track and Field Unilateral Acute (1 week) 
7 21 Female Cross Country Unilateral Acute (2 days) 
8* 18 Female Cross Country Unilateral Acute (1 day) 
*Patient presented with lateral plantar pain and was excluded from the study.  No patient-outcomes 
measures were collected for this patient and she was not included in statistical analysis beyond basic 
demographics.
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of difficulty from “unable to perform activity” (score 
of zero) to “able to perform activity at the same level 
as before injury” (score of 10). Scores for the PSFS may 
be analyzed for a single activity or as an average score 
for all of the activities recorded.28 For the NPRS, an 
MCID has been established as a two-point change.29,30 
An MCID of six points on the DPA Scale has been 
established for patients with chronic conditions and 
nine points for patients with acute conditions.27 The 
MCID of the PSFS is condition dependent and ranges 
from two points for an average score to three points 
for a single activity score.28 

Treatment Procedure
The first four steps of the PRRT treatment required 
the subject to maintain a specific position while a 
12-second application of DTR stimulation was per-
formed in each of the four areas. The first location 
involved applying the stimulation above and below 
the medial knee (Figure 1), while the second loca-
tion was at the peroneal tendons with the subject 
holding the foot in eversion (Figure 2). The third 
and fourth sites involved releasing tension in the 
gastrocnemius and hamstring muscles, respectively 
(Figures 3, 4). For the gastrocnemius, the stimula-
tion was applied simultaneously over the patellar 
tendon and anterior tibialis tendon while the ham-
string release involved stimulation to the patella 

below. Subjects were discharged after reporting 
being symptom-free for two weeks. Total number 
of treatments and days to resolution were tracked 
for each subject. The primary investigator followed-
up with subjects at two weeks, one month, and two 
months after discharge.

INTERVENTION

Outcome Measures 
Outcome measures are necessary to determine treat-
ment efficacy. The outcome measures chosen should 
allow clinicians to calculate a minimal clinically 
important difference (MCID) for their results. The 
Numeric Pain Rating Scale (NPRS) is a method for 
patients to rate pain on a scale from “no pain” (score 
of zero) to “worst possible pain” (score of 10). Scores 
on the NPRS can be collected for “current” pain, “best” 
pain, “worst” pain, or a cumulative score where these 
three values are averaged to get a 24 hour general pain 
rating.26 The Disablement in the Physically Active 
(DPA) Scale, geared towards the physically active, 
includes questions relating to health-related quality of 
life, impairment, functional limitations, and disabili-
ties. The DPA Scale is completed by the patient and 
ranges in scores from 0 to 64.27 On the Patient Specific 
Functional Scale (PSFS), patients are asked to identify 
up to five difficult activities that are associated with 
their condition and then rate the activities on a scale 

Table 2. Patient evaluation information

ID Location
of Pain

Description 
of Pain

MOI Onset Prior 
PF  
History

Activities that 
Worsen Pain

Activities that 
Improve pain

Medications

1 Medial
Arch

Aching Running Chronic Yes Pushing off Rest None 

2 Heel Sharp Overuse Chronic Yes Balancing; 
single leg 
activities 

Massage None

3 Medial
Arch

Sharp Overuse Acute No Pounding 
activities 

Ice, stretching Medrol; 
Ibuprofen

4a
(left)

Medial
Arch

Stinging Cast
Removal 

Acute No Walking in 
flats; pushing 
off; weight shift 

Nothing helps None

4b
(right)

Medial
Arch

Sharp Running Acute No Running Rest None 

5 Heel Aching Changing
Shoes

Chronic No Running;
standing

Stretching OTC NSAIDs 

6 Medial
Arch

Aching Changing 
Shoes

Acute Yes Stairs; walking Rest None 

7 Medial
Arch

Sharp Running Acute Yes Walking; 
running;
sprinting

Rest, ice None

MOI= mechanism of injury; PF= plantar fascitits; OTC NSAIDs= over-the-counter non-
steroidal anti-inflammatories. 
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formed twice (up to two minutes), while the other 
four segments were performed once for 12-seconds 
each. The entire treatment lasted approximately 
one minute for the first four steps and two to four 
minutes for the fifth step (no more than five min-
utes overall). Following the full PRRT treatment for 
PF, subjects were asked to get up from the plinth and 
walk around. The NPRS was repeated at this point 
in time. 

tendon and hamstring muscle belly. The final step 
of the treatment required the subject to grip two cot-
ton-tipped applicators with the toes while perform-
ing sustained maximal plantarflexion of the ankle 
(Figure 5). The subject was instructed to maintain 
the position of toe flexion and ankle plantarflexion 
even if any cramping sensations occurred. Once the 
cramp was eliminated, the subject was instructed to 
keep the toes curled but bring the ankle out of plan-
tarflexion and into a neutral position. If no cramping 
sensation occurred, the “toe curl” was discontinued 
after one minute. The “toe curl” portion was per-

Figure 1. Medial knee/SI joint reset. Stimulation is applied 
above and below the medial knee. Figure 3. Gastrocnemius reset. Patient maintains hip and 

knee fl exion and ankle dorsifl exion while the clinician applies 
stimulation to the patella tendon and ankle dorsifl exors.

Figure 4. Hamstring reset. Patient rests foot on clinician’s 
shoulder while stimulation is applied to the patella tendon 
and hamstring muscle belly. 

Figure 2. Peroneal tendon reset. Patient actively holds ankle 
in eversion while stimulation is applied along the distal pero-
neal tendons.
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pre-treatment (mean=3.25 ±1.39 points) for the 
8 evaluated feet and the current NPRS score post-
treatment (mean=1.19 ± 0.998 points) was found 
(p≤0.002; 95% CI: 1.00, 3.12) (Table 4). The Cohen’s 
d value of 1.48 suggests a large effect size from the 
treatment,31 while the mean change (2.06 ± 1.27) 
suggests that the treatment was effective enough to 
produce a MCID on the NPRS in one visit.29,30 

Discharge and Follow-up 
To assess the effectiveness of the PRRT treatment 
to address pain from initial exam to discharge for 
the five remaining subjects (for a total of six feet), 
a paired t-test was performed on the average NPRS 
scores reported during initial and discharge exam. A 
statistically significant difference was found between 
initial exam average NPRS scores (mean=3.00 ±1.4 
points) and discharge exam average NPRS scores 
(mean=0 ± 0 points) (p≤0.003; 95% CI: 1.53, 4.47). 
The Cohen’s d value of 2.14 suggests a large effect 
size, while the mean change (3.00 ± 1.40) suggests 
that the treatment was effective enough to pro-
duce a MCID on the NPRS for the average reported 
pain (Table 4). Additionally, all subjects who were 
included beyond the initial evaluation (for a total of 
six feet) were discharged pain free and continued to 
have a full resolution of pain at two-week follow-up 
(Table 3). 

Disablement in the Physically Active (DPA) Scale 
A paired t-test was used to analyze the change in 
score of the DPA Scale from initial exam to discharge. 
The DPA Scale score at discharge (mean=1.20 ± 
2.68 points) was significantly lower than initial DPA 

Outcomes
Following initial assessment that included seven 
subjects (total of 8 feet), two subjects were unable 
to meet follow-up assessment expectations due to 
scheduling conflicts and were removed from study. 
A total of five subjects (6 feet) were willing to partici-
pate in the study beyond the initial assessment and 
treatment session (Table 3). For the five subjects (6 
feet) who continued the study beyond initial assess-
ment, the average number of treatments was 3.33 ± 
1.97 with 14.83 ± 17.7 days to resolution. 

Numerical Pain Rating Scale

Immediate Effects 
A paired t-test was used to analyze the immediate 
pre-post treatment effect of PRRT on that subject’s 
current pain rating on the NPRS. A statistically sig-
nificant difference between the current NPRS score 

Figure 5. Toe curl. Patient holds two cotton-tipped applica-
tors in the toes while plantarfl exing the ankle.

Table 3. Patient discharge and follow-up information

ID Total
Treatments 

Days to 
Resolution

2 Week 
Follow-up 

1 Month 
Follow-up 

2 Month 
Follow-up 

1 4 17 Pain-free Episode(s) Episode(s)* 
2 4 6 Pain-free Pain-free Pain-free
4a 6 48 Pain-free Pain-free Episode(s) 
4b 4 16 Pain-free Pain-free Pain-free
6 1 1 Pain-free Pain-free Pain-free 
7 1 1 Pain-free Pain-free Pain-free
Patient was discharged at two weeks pain-free.  Two-week follow-up was conducted two weeks 
post-discharge (four weeks after last treatment session). The asterisk indicates that this patient’s 
episode listed at 2-month follow-up was the same episode listed during the 1-month follow-up 
(i.e. – patient was pain-free at two month follow-up, but had had a recurrence during the first 
month of that two month period).
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ment on the NPRS. The NPRS improvement was both 
statistically significant and clinically meaningful, with 
a large effect size. The results indicate that perform-
ing a single treatment of PRRT led to a meaningful, 
immediate reduction in pain. Of note, the subjects in 
this study had lower initial pain scores compared to 
the available literature (average of 3.0 on the NPRS 
versus 6.2-6.6 on the Visual Analog Scale,32 respec-
tively). One possible reason is that many of the avail-
able studies4,32,33 contain middle-aged, often sedentary 
subjects while the majority (6/7) of the subjects in 
this study were otherwise healthy, active, Division 
I athletes. In addition to improvements in pain, the 
PRRT technique also improved scores on the PSFS 
and the DPA Scale from initial visit to discharge (N=6 
feet). The subjects (N=6 feet) who completed mul-
tiple sessions of PRRT experienced complete resolu-
tion of pain on the NPRS at discharge. 

The technique also appeared to have long-lasting 
results for a majority of subjects without any contin-
ued intervention. At the two-week follow-up, 100% 
of the subjects remained pain-free and did not report 
any return of their symptoms. At the one month fol-
low-up, 83% of the subjects were pain-free, as one 
subject (ID #1) reported minor episodic pain with 
running. At the two-month follow-up, 83% of the sub-

Scale score (mean=23.0 ±12.02 points) (p≤0.012; 
CI 8.10, 35.5), as shown in Table 5. The mean 21.8 
point reduction in DPAS score surpassed the estab-
lished MCID in the literature27 and each subject 
experienced a reduction that satisfied the MCID. 
The Cohen’s d effect size (d=1.8) suggested a high 
level of practical significance for this change. Addi-
tionally, all subjects reported a DPA Scale score at 
discharge that was within the range expected for 
healthy, asymptomatic individuals.27 

PATIENT SPECIFIC FUNCTIONAL SCALE
A paired t-test was used to analyze the change in the 
PSFS score during initial exam and discharge exam. 
The analysis revealed the PSFS score at discharge 
(mean=9.71 ± 0.59 points) was significantly bet-
ter than the initial PSFS score (mean=4.95 ± 1.67 
points) (p≤0.002; CI: -6.56, -2.97), as shown in Table 
5. The Cohen’s d effect size (d=2.9) suggested a high 
level of practical significance and the mean change 
value exceeded the required MCID value for the 
PSFS.28 Additionally, each subject reported a change 
large enough to indicate an MCID was experienced. 

DISCUSSION
Among subjects with PF (N= 8 feet), a single, initial 
treatment of PRRT resulted in immediate improve-

Table 4. Change in NPRS scores at initial evaluation and from initial evaluation to 
discharge

Mean difference p-value Confidence
Interval

Cohen’s D 

Initial Current Pre to 
Current Post 

2.06 (1.27) 0.002* 1.00, 3.12 1.48 

Initial Average to 
Discharge Average 

3.00 (1.4) 0.003∞ 1.53, 4.47 2.14 

Results of paired t-tests for NPRS scores.  *Significant differences between NPRS current score 
pre-treatment and NPRS current score post-treatment.  ∞Significant differences between NPRS 
average score at initial evaluation and NPRS average score at discharge.  Results presented as 
mean (standard deviation).

Table 5. Changes in functional outcomes measures from initial visit to discharge

Initial Discharge Mean Difference Significance Confidence
Interval

Cohen’s
D

PSFS* 4.95 (1.67) 9.71 (0.59) -4.76 (1.45)* 0.002 -6.56, -2.97 -2.85 
DPAS 23.0 (12.02) 1.20 (2.68) 21.8 (11.03) 0.012 8.10, 35.5 1.81
Results presented as mean (standard deviation). *Note that for the PSFS, a negative number reflects a positive 
change (i.e., patient improvement). Outcomes measures utilized were the Patient Specific Functional Scale 
(PSFS) and the Disability in the Physically Active Scale (DPAS).
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fering from nine months of gastrointestinal and 
body pain. For this subject, five treatments of PRRT 
eliminated all pain and the subject returned to full 
function after nine visits.24 The subject was able to 
maintain her pain-free, full function condition at 
22-month follow-up.24 

Currently, the established stretching programs for 
treatment of PF are commonly prescribed for eight 
weeks to four months in duration.12,37-39 The subjects 
in the current study needed only 3.33 visits (aver-
age 14.83 days) to discharge. Likewise, in the current 
study, subjects reported both a statistically signifi-
cant and clinically meaningful improvement on 
the NPRS immediately after the initial treatment of 
PRRT.29,30 Additionally, all subjects reported elimina-
tion of pain at discharge as well as improved func-
tion. Both the DPAS and PSFS revealed statistically 
significant and clinically meaningful improvements 
from baseline to discharge.27,28 

LIMITATIONS AND FUTURE RESEARCH
Limitations of this study include lack of a control 
group or comparison group. The lack of a control 
group in combination with the potential for spon-
taneous resolution of PF may be a contributing fac-
tor in the favorable outcomes demonstrated in this 
group of active, generally healthy subjects. Also, this 
study included a small sample size and relatively 
specific patient population. Post-hoc power analysis 
revealed a power of 0.95 for the immediate changes 
and a power of 0.98 at discharge, suggesting that 
the sample size may have been appropriate given 
the large effect sizes. Moreover, as with any study 
examining humans, non-compliance from subjects 
can be problematic. The immediate effectiveness of 
the PRRT intervention in these subjects led a few to 
miss scheduled treatment sessions and these cases 
took longer to resolve. Thus, the authors hypothe-
size the number of days until resolution could have 
been reduced for the subjects (Patient ID #4) who 
missed treatment sessions (Table 3). Despite these 
subject issues, the results indicate an effective treat-
ment across all subjects in this study.

Future studies should include more large scale 
multi-site study of this PRRT technique to treat 
apparent PF. Also, cohort studies comparing PRRT 
versus other treatment interventions in both acute 

jects were pain-free; one subject (ID #4a) experienced 
a return of minor episodic pain while running, while 
the other subject (ID #1) who reported pain at the 1 
month follow-up had not experienced any new pain 
episodes from the previous follow-up. 

The effectiveness of traditional treatments to reduce 
pain and improve function in PF patients is conflict-
ing and depends on the specific intervention chosen 
(e.g., stretching or night splints). Other researchers 
using the pain sub-scale of the Foot Function Index 
(FFI) identified that both plantar fascia specific 
stretching (PFSS) and Achilles tendon stretching 
reduced overall pain after eight weeks.12 While there 
was no difference between groups in overall pain 
reduction, the PFSS reduced pain “at its worst” and 
with “first steps in the morning” to a significantly 
greater degree than the Achilles tendon stretch-
ing program.12 At two year follow-up, the subjects 
in both groups reported a continued reduction in 
pain on the FFI pain sub-scale.33 Both calcaneal tap-
ing and stretching programs reduced pain accord-
ing to a Visual Analog Scale (VAS), with calcaneal 
taping providing a significantly higher pain reduc-
tion than a stretching program after one week.34 
While the reported studies improved pain scores, 
pain was not reported to be eliminated completely. 
Likewise, studies examining function have shown 
mixed results after conservative treatment. Achil-
les stretching and PFSS stretching together did not 
reduce scores on the PSFS at one week follow-up.34 
Lee, McKeon, & Hertel35 revealed through meta-
analysis that orthoses improve foot function in as 
little as six weeks and that improvements are main-
tained after 12 weeks. The use of night splints is not 
as effective as orthoses after 12 week follow-up.35 

Although no peer-reviewed articles specific to plan-
tar fasciitis were found, PRRT has been reported to 
positively affect pain and function in other areas of 
the body. Carnahan reported using PRRT to elimi-
nate shoulder pain and improve strength in five 
physical therapy visits.36 In this unpublished case 
study, a sedentary, middle-aged male with chronic 
shoulder pain was treated using PRRT in conjunc-
tion with shoulder range of motion and strengthen-
ing exercises.36 The PRRT system has also been used 
to successfully treat chronic conditions. McKeon’s 
unpublished dissertation focused on a subject suf-
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 4. Werner RA, Gell N, Hartigan A, Wiggerman N, 
Keyserling WM. Risk factors for plantar fasciitis 
among assembly plant workers. PM&R. 2010;2(2):110-
116.

 5. Chandler TJ, Kibler WB. A biomechanical approach 
to the prevention, treatment, and rehabilitation of 
plantar fasciitis. Sports Medicine. 1993;15(5):344-352.

 6. Lopes AD, Junior LCH, Yeung SS, Costa LOP. What 
are the main running-related musculoskeletal 
injuries? Sports Med. 2012;42(10):891-905. 

 7. Cole C, Seto C, Gazewood J. Plantar fasciitis: 
Evidence-based review of diagnosis and therapy. 
American Family Physician. 2005;72:2237-2242.

 8. Roxas M. Plantar fasciitis: Diagnosis and therapeutic 
considerations. Alternative Medicine Review. 
2005;10(2):83-93.

 9. League AC. Current concepts review: Plantar fasciitis. 
Foot & Ankle International. 2008;29(3):358-366.

 10. Kibler WB, Goldberg C, Chandler TJ. Functional 
biomechanical defi cits in running athletes with 
plantar fasciitis. American Journal of Sports Medicine. 
1991;19(1):66-71.

 11. Allen RH, Gross MT. Toe fl exors strength and passive 
extension range of motion of the fi rst 
metatarsophalangeal joint in individuals with plantar 
fasciitis. J Orthop Sports Phys Ther. 2003;33(8):468-478.

 12. DiGiovanni BF, Nawoczenski DA, Lintal ME, Moore 
EA, Murray JC, Wilding GE, Baumhauer JF.  Tissue-
specifi c plantar fascia stretching exercise enhances 
outcomes in patients with chronic heel pain: A 
prospective, randomized study.  Journal of Bone and 
Joint Surgery. 2003;85A(7):1270-1277. 

 13. DiGiovanni BF, Moore AM, Zlotnicki JP, Pinney SJ. 
Preferred management of recalcitrant plantar 
fasciitis among orthopaedic foot and ankle 
surgeons.  Foot and Ankle International. 
2012;33(6):507-512.

 14. Davis PF, Severud E, Baxter DE. Painful heel 
syndrome: Results of nonoperative treatment. Foot & 
Ankle International. 1994;15(10):531.535.

 15. Sueki DG, Cleland JA, Wainner RS. A regional 
interdependence model of musculoskeletal 
dysfunction: Research, mechanisms, and clinical 
implications. Journal of Manual and Manipulative 
Therapy. 2013;21(2):90-102.

 16. Wainner RS, Whitman JM, Cleland JA, Flynn TW. 
Regional interdependence: A musculoskeletal 
examination model whose time has come. Journal of 
Orthopaedic and Sports Physical Therapy. 
2007;37(11):658-660.

 17. Cameron MH. Physical Agents in Rehabilitation: From 
Research to Practice. St. Louis, MO: Elsevier Saunders; 
2013. 

PF and chronic PF subjects would be helpful in 
determining the effectiveness of the technique. 
Additional research is also necessary to determine 
the effectiveness of PRRT on treating other condi-
tions and determining the longevity of a single treat-
ment, as well as the cumulative effects of multiple 
PRRT treatments. Future research specific to PRRT 
should address the components of the PRRT treat-
ment in further detail (e.g., must all components of 
the treatment be applied, does the order of applica-
tion matter). 

CONCLUSIONS
The present case series is the first to consider the 
use of PRRT for the treatment of PF. In this case 
series, the use of PRRT produced both immediate 
and long-term positive changes on patient reported 
outcome measures including the NPRS, PSFS, and 
DPA Scale after an average of 3.3 treatments. Avail-
able literature dictates that traditional treatment for 
plantar fascia pain takes weeks to months to achieve 
an effect. Traditional treatments involve focusing 
on the local area (e.g. – plantar fascia stretching) 
or looking up the kinetic chain (e.g. – calf stretch-
ing). The PRRT technique for PF may be effective 
because it includes treatments for apparent gastroc-
nemius and hamstring tightness, as well as toe flexor 
endurance and neurological system sensitization. 
The results of this case series support a comprehen-
sive evaluation of patients with  plantar fasciitis to 
include a regionally interdependent approach by 
considering the role of the nervous system in the 
regulation and arousal of primal reflexes. Although 
the current results lend credence to the effective-
ness of PRRT for PF, more research is needed to 
establish the effectiveness of the technique at treat-
ing other conditions. 
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ABSTRACT

Posterior dislocation of the sterno-clavicular (SC) joint is a rare injury in athletes. It normally occurs in 
high collision sports such as American football or rugby. Acute posterior dislocations of the SC joint can be 
life-threatening as the posteriorly displaced clavicle can cause damage to vital vascular and respiratory 
structures such as the aortic arch, the carotid and subclavian arteries, and the trachea. The potential sever-
ity of a posterior SC joint dislocation provides multiple challenges for clinicians involved in the emergency 
care and treatment of this condition. Integration of clinical examination observations, rapid critical think-
ing, and appropriate diagnostic imaging are often required to provide the best management and outcome 
for the injured athlete. The criterion for return-to-play and participation in collision sports after suffering 
a posterior dislocation of the SC joint are unclear due to the rarity of this injury. The purpose of this case 
report is to describe the management, from the initial on-field evaluation through the return-to-sport, of a 
collegiate Division I football player following a traumatic sports-related posterior SC joint dislocation. The 
rehabilitation process and the progression to return to participation are also presented and briefly 
discussed. 

Level of Evidence: 4-Single case report

Key Words: Athletes, shoulder rehabilitation, sterno-clavicular joint dislocation
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INTRODUCTION
Among all injuries of the shoulder complex, ster-
noclavicular (SC) joint dislocations are the least 
frequent1,2 and account for only about 3% of all 
shoulder girdle injuries in athletes.1,3,4 Most SC joint 
dislocations experienced during athletic participa-
tion have occurred in collision sports such as Ameri-
can football or rugby.2,4,5 The ratio to anterior to 
posterior SC joint dislocation is 9 to 1.6,7,8 Two main 
mechanisms for posterior SC joint dislocations have 
been described. One is a high velocity postero-lat-
eral compressive force to the involved shoulder.2,9 
The other mechanism involves a direct force to the 
antero-medial aspect of the clavicle, thus, causing 
the head of the clavicle to displace posteriorly.2,8,9

Due to the proximity of the SC joint to vital vascular 
(i.e. aortic arch, carotid and subclavian arteries,) and 
respiratory (i.e. tracheal) structures, life-threatening 
conditions may occur with a posterior SC joint dis-
location.8,9,10 These factors pose a particular chal-
lenge regarding clinical decision-making for health 
care providers responsible for the on-the-field emer-
gency management of acute SC joint injuries. There 
are only a few cases documented in the literature 
of athletes suffering SC joint dislocations.5,11,12,13 
Therefore, there are limited data regarding the best 
evidence-based approach for the return-to-play cri-
teria and prognosis after this injury, specifically for 
athletes participating in contact or collision sports. 
The purpose of this case report is to describe the 
management, from the initial on-field evaluation 
through the return-to-sport, of a collegiate Division 
I football player following a traumatic sports-related 
posterior SC joint dislocation.

CLINCAL PRESENTATION
A 20-year-old Division I football cornerback jumped 
to intercept the ball and landed on the posterolat-
eral aspect of the left shoulder during a game. The 
player was unable to stand up from the play and 
remained on the field, in a kneeling position. The 
medical team (head and assistant athletic trainers, 
and orthopedic surgeon) came on to the field to 
assess the player. During the on-field assessment, 
the athlete reported significant left clavicular, chest, 
and anterior cervical pain. He exhibited dyspnea 
and dysphagia but denied upper extremity numb-

ness or tingling. He also demonstrated decreased 
active range-of-motion of the left shoulder, particu-
larly with attempts to elevate overhead. Once the 
shoulder pads were removed, there was a palpable 
defect over the left clavicle near its sternal attach-
ment, although there was not a visible indentation 
at the joint. Based on this presentation, a sternocla-
vicular (SC) joint dislocation was suspected.

The athlete was immobilized with a shoulder sling and 
transported to the local emergency department. Stan-
dard chest and shoulder anterior-posterior radiographs 
showed no definitive clavicular pathology (Figure 1A 
and 1B). As a result, a Computed Tomography (CT) 
scan was ordered. CT scan provides optimal visualiza-
tion of the SC joint, including bony and soft tissue, and 
it can also allow assessment of other tissues within the 
mediastinum such as the heart, large vessels, trachea, 
esophagus, and bronchi. The CT scan confirmed the 
posterior SC dislocation (Figure 2A). The athlete was 
stable at this time with normal vital signs and, there-
fore, the CT scan helped to corroborate his current 
medical status. Because of the risks associated with the 
procedures necessary for SC joint reduction, the emer-
gency room physician decided to further transport the 
athlete to a Level I trauma center with a cardiothoracic 
surgeon on-call for definitive care.

Upon arrival at the trauma center, a further CT scan 
with contrast (angiography) and a 3-D reconstruc-
tion of the axial view of the CT scan were performed 
and revealed no evidence of vascular or pulmonary 
compromise (Figure 2B and Figure 3). The attend-
ing trauma physician proceeded to describe the 
nature and the risks of the reduction procedure to 
the athlete. He explained that closed joint reduction 
initially would be attempted. If the closed reduc-
tion was unsuccessful, an open reduction and inter-
nal fixation of the joint would be undertaken. The 
athlete was placed under general anesthesia on the 
operating table in the supine position with a towel 
roll between the scapulae. The orthopedic surgeon 
applied a posteriorly-directed force through the ante-
rior aspect of both shoulders (surgeon’s hands were 
placed over the distal aspect of the clavicles and 
gleno-humeral joints). Successful closed joint reduc-
tion occurred simultaneous with an audible “clunk”. 
The orthopedic surgeon performed a physical exam-
ination of the left SC joint under fluoroscopy using 
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Figure 1A-1B. A standard AP view of chest (fi gure 1A), and left clavicle and shoulder (fi gure 1B) radiographs revealing no 
defi nitive clavicular pathology.  Note the superimposition of overlapping structures such as the ribs, the clavicles, sternum, and 
vertebrae which make it diffi cult to visualize the SC joint.

Figure 2A-2B. An axial view of a CT scan (fi gure 2A), revealing a posterior dislocation of the left sternoclavicular joint. Note 
the posterior position of the medial head of the involved clavicle (C) compared to the uninvolved clavicle (C) in relationship to the 
sternum (S). Figure 2B, an axial view of a CT scan with injected contrast (angiography), shows the proximity of the dislocated 
clavicle (C) to the trachea (T). Note the dislocated clavicle sitting directly over the left carotid and subclavian arteries.  
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a serendipity view where the proper anatomical 
alignment of the reduced joint was visualized, con-
firming the impression based on the clinical exam 
(Figure 4). There were no secondary vascular, pul-
monary, or bony injuries associated with the reduc-
tion maneuver. The patient was kept in the hospital 
for observation for 23 hours following the procedure 
and was then discharged home with his shoulder 
immobilized in a sling, under the supervision of the 
university medical team.

CLINICAL EXAMINATION
Knowledge of the key anatomical structures and the 
joint architecture is essential in order to examine 

an acute injury of the SC joint. The SC joint occurs 
between the proximal end of the clavicle and the 
clavicular notch of the manubrium of the sternum 
together with a small part of the first costal cartilage. 
The SC joint is a saddle-type articulation that allows 
movement of the clavicle, predominantly in antero-
posterior and vertical planes, although some rota-
tion also occurs. The ability to flex and elevate the 
shoulder requires sound function of this joint. The 
SC junction is highly stable. Its stability is provided 
by the sternoclavicular, interclavicular and costo-
clavicular ligaments.8,9 Although SC joint sprains 
are more prevalent than dislocations in sports, SC 
joint dislocations are rare because they require a 
complete rupture of the costoclavicular ligament. 
Knowledge of the neighboring vital structures such 
as the trachea and the great vessels, which carry 
blood supply to and from the heart near this joint, is 
similarly essential. Dislocations to the SC joint can 
cause damage to these structures, which in turn, 
may lead to a medical emergency. 

As is the case concerning the assessment of any trau-
matic sports-related injury, the health care provider 
must initially rule-out any potential life-threatening 
conditions. Observation from the sidelines of the 
field can provide an initial impression of a poten-
tial injury and can aid the clinician to quickly iden-
tify structures that may be involved. In this case, 
the football player sustained a compressive force 
to the postero-lateral shoulder when contacting the 
ground, and the mechanism of injury was in fact 
observed by the medical staff. Sports medicine clini-
cians must highly suspect a traumatic dislocation of 
any of the joints that comprise the shoulder girdle 

Figure 3. A 3-dimensional reconstruction of the axial view CT scan, showing the left sternoclavicular joint posterior dislocation 
without evidence of vascular or pulmonary compromise

Figure 4. Intraoperative fl uoroscopic “serendipity” view, dem-
onstrating proper reduction of the left sternoclavicular joint. A 
physical exam of the left sternoclavicular joint was performed 
intra-operatively using this imaging technique in order to con-
fi rm the correct position of the sternoclavicular joint.
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when assessing an injury presenting after such a 
mechanism. 

Table 1 summarizes the clinical presentation and the 
signs and symptoms commonly reported in the liter-
ature following a SC joint dislocation. The subject of 
this case report reported immediate pain to the medial 
aspect of the left clavicle, chest, and anterior cervical 
area following the injury. He held his head in a forward 
and laterally flexed position toward the injured shoul-
der and reported increased pain with any attempts 
to return his head to a neutral position. He also had 
increased pain with left shoulder active and passive 
movement. Most concerning was that he complained 
of dysphagia and dyspnea. These findings are consis-
tent with other cases of posterior SC joint dislocations 
previously described in the literature.5,8,9,10,13 Neurologi-
cal involvement including paresthesia and loss of sen-
sation on the side of the involved extremity have also 
been reported, specifically in those cases where neural 
tissue compression occurred.8,9,14 The subject described 
in this case had a normal neurological exam. Upon 
inspection of the area in an injured athlete, clavicular 
asymmetry may be present and has been described by 
previously reported cases. With SC joint dislocations, 
the medial aspect of the clavicle may be displaced rela-
tive to the lateral aspect with a palpable defect or step-
off deformity to the involved SC joint.8,9 Palpation of 
the injury can initially help to recognize the deformity 
associated with the potential pathology of the joint. Pal-
patory exam of the region, however, may be difficult 
to accomplish since tenderness and joint incongruence 
can mask a clavicular fracture, a subluxation or the 
direction of the dislocation of the joint.8,9

In approximately 30% of the cases, posterior SC joint 
dislocations may cause potentially fatal injuries 
because of its proximity of vital mediastinal struc-
tures.15,16,17 Life-threatening Injuries associated with 
posterior SC joint dislocation include compression 
or laceration of the great vessels, tracheal compres-
sion or rupture, esophageal compression or rupture, 
injury to the brachial plexus and pleural disruption, 
which may lead to pneumothorax or subcutaneous 
emphysema.8,9,10,15,16,17 Fortunately, the subject in 
this case did not sustain any vascular or pulmonary 
injuries during the initial trauma or joint reduction. 

DIAGNOSTIC IMAGING
To assess for SC joint pathology, radiographs and CT 
scans are the primary imaging techniques. While 
standard view radiographs of the chest and the shoul-
der may show clavicular asymmetry, they may not 
provide a definitive diagnosis.18,19 In standard radio-
graphic views, overlapping structures such as the 
clavicle, ribs, sternum, and vertebrae, complicate 
visualization of the SC joint. In the current case, ini-
tial standard chest and shoulder radiographs neither 
revealed a clavicular pathology nor conclusively 
showed a significant pathology of the SC joint. A “ser-
endipity” view, an anterior to posterior view with a 
40-degree cephalic tilt of the x-ray beam centered to 
the sternum, provides the most accurate assessment 
of the SC joint.7,20 (Figures 5A and 5B) This view pro-
vides the best image for assessing clavicular posi-
tion relative to the manubrium and determining the 
direction of dislocation.7,20 Although in this case, a 
serendipity view was not used as part of the initial 
imaging work-up, this view was used under a fluoro-

Table 1. Common signs and symptoms and clinical presentation of SC joint injury
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scope to determine appropriate anatomical position-
ing of the clavicle post reduction. 

CT scan is considered the gold standard for evalu-
ating SC joint pathology.21,22,23 Sagittal and coronal 
reconstructions provide excellent visualization of 
the clavicle and its junction to the sternum, as well 
as determining potentially associated life-threat-
ening mediastinal injuries. CT scan with contrast 
(angiography) is the recommended imaging modal-
ity for definitive evaluation of acute SC joint dislo-
cations and all secondary complications that can 
arise from such injury since it can best show these 
structures.7,21,22,23 In this case, CT scan was essen-
tial in confirming the posterior SC joint dislocation 

suffered by the subject. Likewise, this imaging was 
effective in ruling out any vascular or pulmonary 
injury from the initial trauma prior to the anatomi-
cal reduction of the joint. 

ACUTE MANAGEMENT 
The on-field management of an athlete with a sus-
pected acute SC joint injury, as suggested by symp-
tomatology of vascular and respiratory compromise 
or with an obvious anatomical deformity, requires 
immobilization and transportation of the athlete to 
the most appropriate nearby facility for emergency 
management and definitive care.8,23 If a concurrent 
head or neck injury are also suspected, the cervical 
spine should be immobilized in the standard fashion 

Figure 5A-B. Photographs of “Serendipity” views, an anterior to posterior view with a 40 degree cephalic tilt of the x-ray beam 
centered to the sternum. 
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for transportation. Care must be taken to not cause 
any further injury to the involved SC joint or increase 
the displacement of the dislocation while the athlete 
is placed on the supine position. Some athletes may 
experience increased pain when placed supine as 
the head goes to neutral position, which may cause 
further tension to the anterior chest area. If there 
are no concerns with cervical spine or head injury 
and the athlete is medically stable, a simple shoul-
der sling or a Figure of Eight brace may be sufficient 
to achieve immobilization while being transported 
to the emergency department. Reduction of the SC 
joint is not attempted on the field contrary to many 
other joints that may benefit from early reduction. 
This is due to the proximity of the SC joint to vital 
mediastinal structures that can possibly be disrupted 
with the reduction maneuver if they are not already 
compromised by the initial trauma.

Options for management of posterior SC joint dis-
locations include first attempting closed reduction 
in less than 24 to 48 hours post injury either under 
light sedation or general anesthesia.8,9,10,24 Two of 
the most described approaches for closed reduction 
involve placing the patient in supine with a rolled 
towel between the scapulae followed by either appli-
cation of traction to the involved abducted shoulder 
moving the arm into extension, or by application of 
a posteriorly directed force to both shoulders (dis-
tal aspect of the clavicles and gleno-humeral joints). 
The reported success rate for closed reduction using 
these techniques is approximately 68 to 80% if done 
early (< 2 days post injury).8,9,10,24 As previously 
stated, with the subject described in this case, suc-
cessful closed reduction of the joint was achieved 
by placing him under general anesthesia, and with a 
towel roll under his scapulae, after a posterior force 
was applied to both shoulders. Reduction took place 
with an audible pop at the involved SC joint and 
then the reduction was confirmed with imaging and 
physical examination. 

Open reduction of the SC joint is recommended if 
closed reduction fails or in cases of chronic SC joint 
instability.10,24 Some authors have reported persisting 
instability after early closed reduction of the SC joint, 
specifically in skeletally immature children whose 
open physeal plates were posteriorly displaced or 
fractured.25 The results of a systematic review by 

Glass et al, 2011 revealed that delaying definitive 
treatment for SC joint dislocations usually results in 
the need for open reduction and stabilization after 
normally failing closed reduction.25 The optimal 
method for stabilization of the SC joint with open 
reduction has not yet been established. Overall good 
outcomes have been reported with various methods 
using soft tissue repair and ligamentous reconstruc-
tion as well as the use of absorbable sutures to sta-
bilize the clavicle to the manubrium of the sternum 
in both adults and children.24,25,26 Complication rates 
with the use of hardware fixation have been unac-
ceptably high and sometimes catastrophic, leading 
some authors to not support their use.25,27

After either closed or open reduction and stabiliza-
tion of the SC joint, a period of joint immobilization 
generally takes place. This is done through the use 
of a Figure of Eight splint or a shoulder sling.22,23 
The length of the immobilization has been reported 
to be anywhere from three to eight weeks depending 
on the technique utilized and the amount of stabil-
ity achieved post reduction.7,8,22,23The football player 
described in this case was immobilized with a shoul-
der sling for a period of four weeks. 

COURSE OF REHABILIATION
Three days after the injury and joint reduction, the 
athlete began rehabilitation (Figure 6). During the 
initial physical therapy evaluation, the Rockwood 
scoring system28 for SC joint pathology was used for 
the assessment of impairments at that time. This 
scale has been used in patients with degenerative 
SC joint conditions.28 The Rockwood scoring sys-
tem is specific to the SC joint and is an appropri-

Figure 6. Photograph showing left sternoclavicular joint 
status, three days post reduction.



The International Journal of Sports Physical Therapy | Volume 10, Number 5 | October 2015 | Page 707

ate outcome measure for the early assessment of 
the impairments commonly seen with SC joint dis-
locations (i.e. range of motion, strength, and pain). 
At the first physical therapy evaluation, the athlete 
in this case scored 4/15 points on the scale, which 
represented a high degree of impairment and func-
tional limitation (Table 2). 

The initial goals of his rehabilitation program were 
to protect the injured SC joint, to improve cervical 
range of motion, and to promote left shoulder sta-
bilization using isometric training. As the athlete’s 
symptoms improved, he began progressive left 
shoulder range of motion training, as well as contin-
ued scapular, rotator cuff, and cervical stabilization 

using progressive resisted exercises. Initially, flex-
ion and abduction to 90 degrees and gleno-humeral 
rotation at 0 degrees of abduction was encouraged. 
Then, mobility training was progressed to over-
head planes above 90 degrees of flexion and abduc-
tion and external rotation greater than 45 degrees 
of abduction ensuring pain-free activities. Twelve 
weeks post injury he was allowed to begin advanced 
shoulder complex activities including upper extrem-
ity plyometric training, weight lifting, and indi-
vidual non-contact football skills. His weight lifting 
program consisted of gradual loading of all major 
upper extremity muscle groups (e.g. pectoralis 
major, triceps brachii, biceps brachii, trapezius, and 
the posterior scapular muscles) initially with body 

Table 2. The scoring system of Rockwood used for the clinical evaluation and 
progress made by the injured football player suffering a posterior SC joint dislocation
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resisted exercise. He was subsequently allowed to 
use dumbbells and free weights, and eventually pro-
gressed to complex activities such as Olympic lifting 
with overhead motions. All of these activities were 
monitored to ensure proper form and were done in 
a pain-free environment. Sixteen weeks post injury; 
he scored 15/15 points on the Rockwood scoring sys-
tem, demonstrating minimal impairment with pain, 
range of motion, and strength surrounding the left 
SC joint. He was cleared for football participation 
with gradual progression to limited contact activities 
five months after the injury.

Based on the available literature, due to the rarity of 
this injury, there are no established consensus guide-
lines regarding rehabilitation procedures or return to 
play criteria following posterior SC joint dislocations 
in athletes participating of contact or collision sports. 
As a consequence, a theoretical framework based on 
principles of rehabilitation progression provided a 
guide for this case. The initial focus of rehabilitation 
for this injury was to promote SC joint protection as 
well as regaining shoulder girdle and cervical spine 
motion. After achieving proper mechanical func-
tion of the SC joint (normal and pain-free mobility 
of the involved SC joint and all other joints making 
up the shoulder girdle as compared contra-laterally), 
strengthening of muscles used to protect and stabi-
lize the SC joint was initiated. Muscles that insert 
near the joint and that are directly involved with SC 
joint function such as the pectoralis major, pectora-
lis minor, upper trapezius, and sternocleidomastoid 
were incorporated in physical therapy. Likewise, 
rotator cuff and scapular muscles were relevant 
during this process. These muscles promote proper 
function of the other joints of the shoulder complex 
and are equally important for the overall “health” of 
the entire shoulder. Gradual introduction to sport-
specific skills and eventually contact activities (if 
SC joint stability is maintained) was the last step 
towards allowing the athlete to return to play. In this 
particular instance, the football player completed 
approximately four months of rehabilitation follow-
ing the previously stated recovery outline. 

The Rockwood scoring system was utilized as an out-
come measure where he initially scored 4/15 points 
(day three post injury) and eventually improved 
to 15/15 points (four months post injury). In this 

case, physical examination, clinical judgment, and 
the use of sound rehabilitation progression, proved 
valuable to guide the athlete’s rehabilitation process. 
Appendix 1 summarizes the framework utilized 
for the rehabilitation process and the activities and 
milestones that were used in order to progress our 
athlete after he suffered the SC joint dislocation. 

OUTCOME
The football player described in this case was cleared 
after five months post injury for gradual return to 
football activities. He successfully completed spring 
football practices with limited contact. He wore a red 
jersey (indicating a protected status) and was allowed 
to do all non-contact individual skills and drills. He 
was not allowed to hit or take direct hits during prac-
tice. Due to another unrelated injury (lower extrem-
ity); he did not compete during the following fall 
football season. He continued, however, with unre-
stricted upper extremity training and conditioning. 
Eighteen months after sustaining the posterior SC 
joint dislocation, he reported no SC joint pain and 
no signs of instability. He continued to perform all 
upper extremity weight lifting and functional agil-
ity training and was cleared for unrestricted football 
participation, having now also recovered from the 
unrelated lower extremity injury. 

Although positive outcomes following posterior SC 
joint dislocations have been reported in the litera-
ture,24 there is very little available evidence regard-
ing the long-term functional ability for this patient 
population. Laffosse et al.24 retrospectively analyzed 
the outcomes of 30 (23 in rugby players and seven in 
other non-collision sports) cases of posterior SC joint 
dislocations or epiphyseal disruption in sports par-
ticipation. From the 23 cases that occurred in rugby, 
seven of these subjects decided to change sports 
for other activities with less contact, and only one 
subject reported that his occupational and sporting 
activities were restricted because of his injury. The 
rest of the rugby players resumed their usual sport-
ing activity at the same level. The authors did not 
report any recurrent posterior SC joint dislocations 
with any of these cases. If satisfactory and stable 
reduction is obtained, these authors suggested that 
occupational and sports participation can be safely 
resumed after suffering a posterior SC joint dislo-
cation.24 The available literature to date does not 



The International Journal of Sports Physical Therapy | Volume 10, Number 5 | October 2015 | Page 709

include any retrospective study assessing return to 
sporting activities in American football players after 
posterior dislocation of the SC joint.

RECOMMENDATIONS
As posterior SC joint dislocations are rare in athlet-
ics, clinicians involved in the management of acute 
injuries in athletes, especially in collision sports, 
need to be familiar with the clinical presentation of 
this injury and should exercise proper judgment in 
the presence of a life-threatening condition associ-
ated with a posterior SC joint dislocation. Due to the 
proximity of the SC joint to vital vascular and pulmo-
nary structures, reduction should only be attempted 
at a trauma facility with available cardiothoracic 
and/or cardiovascular services. Radiographs with 
standard views are not adequate to assess this injury 
because of overlapping osseous structures, specifi-
cally the clavicle, ribs, sternum, and vertebrae. A 
serendipity view radiograph may provide a good 
preliminary assessment of this condition and should 
be included as part of the initial radiographic study. 
A CT scan with injected contrast (angiography) is 
the recommended imaging technique for additional 
diagnostic information, giving greater visualization 
of the joint in multiple planes without superimposi-
tion of osseous structures in addition to being able 
to provide an evaluation of any associated mediasti-
nal insult. Closed reduction of the SC joint is often 
sufficient as the primary management of this condi-
tion. In the event of closed reduction failure, open 
reduction and stabilization of the joint via soft tissue 
and ligamentous reconstruction and suturing of the 
bony structures is typically selected by surgeons. 
Both closed and open reduction procedures of the 
SC joint require a period of immobilization followed 
by a course of rehabilitation. The emphasis of post-
reduction physical therapy is to protect the involved 
SC joint and to restore proper function of the cervi-
cal spine and the involved shoulder girdle. Mobility 
and strengthening of structures that can help pro-
mote function and improve stability to the injured 
SC joint are imperative. Subsequently, functional 
training and sports specific activities can be intro-
duced in order to allow the athlete to return to sports 
safely. Individuals suffering posterior dislocations of 
the SC joint normally have a good outcome in terms 
of successful return to their activities of daily living. 

There are not enough data to provide an accurate 
assessment of the prognostic outcome for return to 
play for those athletes competing in collision sports 
who suffer this injury. Although this is a rare injury, 
future research efforts should be geared towards 
defining appropriate methods and criteria to deter-
mine the readiness of those athletes involved in col-
lision sports prior to their return to play. 
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Appendix 1. Guidelines followed for rehabilitation of SC joint dislocation in the subject of the 
case report 



The International Journal of Sports Physical Therapy | Volume 10, Number 5 | October 2015 | Page 712

ABSTRACT
Study Design: Case report: differential diagnosis and clinical decision making

Background and Purpose: Young adults with lateral hip pain are often referred to physical therapy (PT). A thorough 
examination is required to obtain a diagnosis and guide management. The purpose of this case report is to describe 
the physical therapist’s differential diagnostic process and clinical decision making for a subject with the referring 
diagnosis of trochanteric bursitis.

Case Description: A 29-year-old female presented to PT with limited sitting and running tolerance secondary to right 
lateral hip pain. Her symptoms began three months prior when she abruptly changed her running intensity and 
frequency of weight bearing activities, including running and low impact plyometrics for the lower extremity. Physi-
cal examination revealed a positive Trendelenburg sign, manual muscle test that was weak and painless of the right 
hip abductors, and pain elicited when performing a vertical hop on a concrete surface (+single leg hop test), but 
pain-free when performing the same single leg hop on a foam surface. Examination findings warranted discussion 
with the referring physician for further diagnostic imaging.

Outcomes: Magnetic resonance imaging revealed a focus of edema in the posterior acetabulum, suspicious for an 
acetabular stress fracture. The subject was subsequently diagnosed with an acetabular stress fracture and restricted 
from running and plyometrics for four weeks.

Discussion: Thorough examination and appropriate clinical decision making by the physical therapist at the initial 
examination led to the diagnosis of an acetabular stress fracture in this subject. Clinicians must be aware of symptoms 
and signs which place the subject at risk for stress fracture for timely referral and management. 

Level of evidence: 4

Keywords: Pelvic pain, stress fracture, trochanteric bursitis 
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INTRODUCTION/BACKGROUND AND 
PURPOSE
Lateral hip pain, more recently termed greater 
trochanteric pain syndrome (GTPS)1 is a common 
orthopaedic problem that affects 1.8 patients per 
1000 annually.2,3 GTPS is estimated to affect between 
10%-25% of the population in industrialized societ-
ies and is 3-4 times more likely to affect females.3 
GTPS usually presents as intermittent pain over the 
buttock and/or lateral aspect of the thigh that is exac-
erbated by lying on the affected side, standing for 
prolonged periods of time, sitting with legs crossed, 
climbing stairs, running, or other high impact activi-
ties.3,4 Patients with GTPS usually have lateral hip 
pain, tenderness over and around the greater tro-
chanter, pain at end-range hip rotation, abduction or 
adduction, pain with resisted hip abduction, and a 
positive Patrick-FABER test.3 Segal et al1 found that 
the prevalence of GTPS is associated with female 
gender, obesity, iliotibial band tenderness, knee 
osteoarthritis or knee pain, and low back pain.

Patients with lateral hip pain are often referred to 
physical therapy (PT) with a diagnosis of GTPS or 
trochanteric bursitis. Although often used inter-
changeably, trochanteric bursitis distinctly describes 
a localized inflammation of one or more bursae over-
lying the greater trochanter4 with erythema, edema, 
and rubor,3,4 that is uncommon in patients with lat-
eral hip pain.3 Most commonly, GTPS is related to 
gluteus medius tendinosis.5 

Although GTPS is more prevalent between the 
fourth and sixth decades of life,3 it can be seen in 
active young adults.6 Young adults (18-35 years old) 
with hip pain often present with non-specific symp-
toms and vague findings from the history and physi-
cal examination7,8 which may lead to a misdiagnosis 
of GTPS or trochanteric bursitis.

Differential diagnosis of lateral hip pain can be chal-
lenging, even to experienced hip surgeons and diag-
nosticians, particularly in young adults.8,9,10 The list 
of competing diagnoses is outlined in Table 1.8,11,12 
Several case reports have been published demon-
strating misdiagnoses of GTPS. Wakeshima and 
Ellen13 reported on a subject with a giant cell carci-
noma in a young athletic woman who was diagnosed 
with GTPS and treated in PT for nine months. Fur-

ther, a non-displaced, complete femoral neck frac-
ture was found in a 46-year-old male recreational 
runner who was treated with two separate episodes 
of PT for GTPS.14  

The possibility of a stress fracture at the hip and 
pelvis as a source of lateral hip pain should be 
ruled out hastily because appropriate treatment is 
required to prevent further complications, such as 
complete fracture(s) and avascular necrosis.8 Young 
adults who are involved in sports or recreational 
activities that require repetitive movement patterns 
may be predisposed to stress fractures due to cumu-
lative stress placed on the hip joints. Bruist et al15 
reported running related injuries occurring in 25.9% 
of novice and recreational runners (n=629) over an 
eight-week training period. They also found females 
with higher body mass index and lack of running 
experience were most at risk for running related 
injuries.15 Runners who abruptly increase the inten-
sity, frequency, and/or duration of activity are 
also at higher risk for stress fractures involving the 
hip.12 Other risk factors for stress fractures include 
muscle-tendon imbalance involving the strength 
ratio between agonist and antagonist hip muscles,16 
poor footwear, training on uneven surfaces, female 
 gender, low bone mineral density, foot structure, leg 

Table 1. Differential diagnoses for lateral hip pain

Acetabular labral tear 

Stress fracture, dislocation, fracture, contusion 

Osteonecrosis, avascular necrosis 

Muscle strain/tear, ligament sprain 

Low back pain, sacroiliac joint dysfunction 

Snapping hip syndrome

Femoral acetabular impingement 

Bursitis 

Nerve entrapment syndrome 

Inflammatory disorders such as seronegative arthropathy, 
rheumatoid arthritis 

Infection 

Childhood disorders (Legg-Calve-Perthes Disease)

Metabolic disease 

Tumor 

Primary or secondary osteoarthritis 

Psychosocial factors 

Tendinopathy 
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length discrepancy, increased degree of hip external 
rotation, and the female athlete triad.17 Furthermore, 
hormonal factors, such as menstrual disturbance, 
age at menarche, use of oral contraceptive pills, and 
nutritional factors such as low calcium intake and 
eating disorders may also contribute to a higher risk 
of stress fracture.17,18

The purpose of this case report is to describe the 
differential diagnostic process and clinical decision-
making in a subject referred to PT with a diagnosis 
of right trochanteric bursitis.

CASE DESCRIPTION: SUBJECT HISTORY 
AND SYSTEMS REVIEW
A 29-year-old Caucasian female presented to PT 
with limited sitting and running tolerance secondary 
to right lateral hip pain. Onset of pain was approxi-
mately three months prior to her initial PT examina-
tion. After running on a treadmill at an 11-minute/
mile pace with 0% incline for 30 minutes, she 
changed her speed to an 8-minute/mile pace and 
experienced a “twinge” in her right lateral hip. For 
the next two months the subject continued to experi-
ence that same “twinge” in her right lateral hip, but 
increased her running frequency from one time per 
week to two times per week. At that time, she also 
began working with a personal trainer four times per 
week, which consisted of performing low impact ply-
ometric exercises for the lower extremity (LE). 

During the initial evaluation, the subject reported 
worsening right lateral hip pain that caused her to 
stop running two weeks prior. The subject com-
plained of deep aching, intermittent pain, and a 
“twinge” feeling rated 0/10 at best over the prior 
week, 2/10 during the evaluation, and 5/10 at worst 
on the Numeric Pain Rating Scale (0= pain-free; 
10=worst pain imaginable).19 A body chart outlines 
the location of pain (Figure 1). Pain was localized 
to her right lateral hip approximately five centi-
meters proximal to the greater trochanter. She was 
unable to sit for more than 30 minutes or run for 
more than two minutes without right lateral hip 
pain. She also reported lateral hip pain during tran-
sitional movements (scooting on bed, repositioning 
in a chair) that quickly subsided. Sleeping and lying 
supine provided some pain relief. In spite of her 
limitations, the subject scored a 72/80 on the Lower 

Extremity Functional Scale20 indicating a high func-
tional level.

At the time of the evaluation, daily medication 
included Desogestrel-Ethinyl Estradiol for birth con-
trol. A systems review for red flags was unremark-
able for unexplained weight loss/gain, unexplained 
weakness, fatigue, malaise, fever, sweating, chills, 
nausea/vomiting, numbness/tingling, night pain, 
or difficulty sleeping. She reported no history of 
fractures, eating disorders, amenorrhea, or calcium 
deficiency. Family and medical history were also 
unremarkable. The subject had not received diag-
nostic imaging or previous treatment for her current 
complaints and reported no history of back, knee, 
and ankle injury/pain. Laboratory tests including 
complete blood count and basic metabolic count 
administered two weeks prior to her initial visit were 
within normal limits. She reported limited social use 
of alcohol but denied smoking or drug use. Her job 

Figure 1. Body Chart detailing the location of pain in the 
right lateral hip area (gray shaded region) at the time of initial 
evaluation.
Patient complaint: Right lateral hip pain; Location: approxi-
mately 5.08 cm proximal to the greater trochanter.
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as a fundraising administrator was unaffected per 
her report. The subject’s goals included decreasing 
pain and returning to her workout activities as soon 
as possible to prepare for her upcoming wedding 
that would be in the next two months.

Clinical Impression #1
Based on the subjective history, the subject’s right 
lateral hip pain was most likely due to overuse. 
She reported a change in running intensity prior to 
symptoms. In young adults, hip pain is often related 
to physical activity and overuse, and the inability to 
participate in the activity often leads these patients 
to seek medical attention.8 The authors were suspi-
cious of the subject’s chief complaints due to vague 
symptom description and aggravating factors. The 
subject consistently reported feeling a “twinge” and 
a deep ache in her right lateral hip that she randomly 
experienced throughout the day along with running 
and weight bearing activities, such as lunges and 
squats. This led the authors to suspect intra-articular 
hip pathology, including but not limited to, femo-
ral acetabular impingement (FAI), acetabular labral 
tears, and chondral and osseous lesions. 

Intra-articular hip pathology is often reported as lat-
eral hip pain21 that can be worse with running and 
sitting.22 The results of research have demonstrated 
that the lack of groin pain helps rule out the potential 
for acetabular labral tear and FAI with a sensitivity 
ranging from 96-100%.23 Further, the subject lacked 
clicking, catching, or snapping, which are often cues 
indicative of intra-articular pathology and external 
snapping hip.24,25 Finally, individuals with hip joint 
stress fractures typically report a gradual onset of 
worsening hip, thigh, or groin pain that is described 
as a deep ache, aggravated by weight bearing, and 
partially relieved by rest.18,26 

In those with hip joint pain, it is suggested that 
imaging be ordered to rule out serious pathology, 
such as cancer, osteonecrosis, or fracture.27 For 
other intra-articular hip pathology, imaging is not 
recommended until a bout of conservative care is 
attempted.27 Due to the subject’s young age and unre-
markable past medical and family history, systemic 
pathology causing her hip pain was unlikely. Thus, 
in this subject, the authors hypothesized that imag-
ing would be needed immediately only if a  fracture 

was  suspected after the physical examination. By 
restricting the physical activities that aggravated 
her right lateral hip pain, including running and 
certain weight bearing activities, the subject found 
symptom relief, which is consistent with hip pain 
of mechanical origin. The subject’s report of pain 
and loss of function in the affected hip, which was 
severe enough to restrict her from physical activi-
ties, are also common complaints.8

However, as mentioned previously, several case 
reports have been published demonstrating misdi-
agnoses of GTPS.13,14 The subject’s subjective history 
findings warranted a detailed objective examination 
of the subject’s right hip joint in addition to screening 
the lumbar spine and sacroiliac joint to determine 
the source of symptoms and ensure proper diagnosis. 

EXAMINATION
The subject had a mesomorphic body type with a 
height of 1.52 meters and weight of 55.45 kilograms 
(body mass index= 24 kg/m2) taken at her physician 
appointment two weeks prior to her initial PT evalu-
ation. Posture assessment in standing revealed mild 
bilateral genu varum, but otherwise unremarkable. 
Gait assessment on level surface revealed increased 
bilateral trunk rotation and a positive Trendelen-
burg sign during right LE stance time without repro-
duction of the subject’s symptoms. Functional task 
assessment on level surface included repetitive bilat-
eral squats to 45 degrees of knee flexion and bilateral 
squat jumps to 45 and 90 degrees of knee flexion with-
out reproduction of symptoms. Repetitive right single 
leg (SL) hops on a concrete surface reproduced her 
right lateral hip pain while repetitive right SL hops on 
a two-inch foam surface were pain-free. After, a right 
lateral lunge reproduced mild right lateral hip pain. 
Finally, deep palpatory pressure to the area approxi-
mately five centimeters proximal and posterior to the 
tip of the greater trochanter was severely tender and 
provoked the subject’s symptoms. Additional physi-
cal examination findings are presented in Table 2. 
Namely, range of motion (ROM) of the lumbar spine 
and hip and special tests of the hip were negative for 
pain and were within normal limits. 

Clinical Impression #2
The subject presented with multiple symptoms and 
signs that were suspicious for a stress fracture. The 
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Table 2. Physical examination fi ndings

Objective Assessment Findings 

Single leg stance for 30 seconds28 Able to perform and pain-free bilaterally 

ROM:29

-Lumbar spine 
-Hip 

-Knee 
-Ankle 

Within normal limits 
Within normal limits (External rotation 90  
   degrees bilaterally) 
Within normal limits 
Within normal limits 

-Core endurance (measured via front plank) 

Force generating capacity (measured via 
MMT):30

-Hip 
    Flexion 
    Abduction 
    External rotation 
    Internal rotation 
-Knee 
-Ankle 

One minute; stopped due to fatigue 

4-/5 bilaterally pain-free 
3+/5 R, 4-/5 L, pain-free 
4-/5 bilaterally, pain-free 
4-/5 bilaterally, pain-free 
Within normal limits 
Within normal limits 

Joint mobility: 
-Lumbar spine 
    Central and unilateral anterior glide31

-Hip 
    Posterior, anterior, inferior, lateral glide32

Within normal limits 

Within normal limits 

Special tests 
-Sacroiliac joint33,34

    Compression 
    Distraction 
    Sacral spring 
    Gaenslen 
    Thigh thrust 
-Hip joint35

   Active straight leg raise  
   FABER 
   FADIR 
   Scour 
   Patellar-Pubic Percussion test36,37

   External Derotation test28

All negative 

All negative 

Palpation 
-Greater trochanter 
-Tensor fasciae latae 
-Iliotibial band 
-Anterior superior iliac spine 
-Gluteus maximus 
-Piriformis 
-Adductor muscles 
-Lumbar paraspinals 

All pain-free 

ROM= range of motion 
MMT= manual muscle test 
R= right 
L= left 
FABER test= Flexion, abduction, external rotation  
FADIR test= Flexion, adduction, internal rotation 
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subject was a female who abruptly changed the 
frequency, duration, and intensity of her workout 
routine. Further, she reported a deep ache that grad-
ually worsened in her hip, which was aggravated by 
high impact weight bearing activities and relieved 
by rest. These are all common in the presentation of 
those with stress fractures.18,26 Regarding the physical 
examination, the primary positive findings included 
a positive Trendelenburg sign, positive SL hop test 
on concrete surface (though negative hop test on 
foam surface), weakness of the right hip abductors, 
and significant palpable tenderness proximal and 
posterior to the greater trochanter that reproduced 
the subject’s pain. A positive hop test, (report of pain 
when hopping on the injured leg), in conjunction 
with a Trendelenburg and gluteus medius weakness, 
increases the likelihood of an undisplaced stress 
fracture.16,38 The authors suspected that the concrete 
surface resulted in a higher load on the musculo-
skeletal system with higher ground reaction forces 
and peak load rates39 as well as poorer attenuation 
of pressure in comparison to the foam surface.40,41 
Given the weakness of the gluteus medius in the 
involved leg, it would seem plausible to assume 
that the muscle would fatigue faster, decreasing the 
shock absorption capabilities of the musculoskeletal 
system18 increasing force transmitted to bone, and 
thus increasing risk of stress fracture.42,43,17 Further, 
fatigue of the gluteus medius has been shown to 
alter landing kinematics of the hip.44 The deep palpa-
tory pain the subject experienced was similar to the 
findings in a subject with a femoral stress fracture.9 
This may have been an area of increased hyperalge-
sia related to a fracture or palpation of a bursa that 
reproduced her pain.45 Interestingly, the subject had 
pain-free ROM of the hip and all special tests about 
the hip were negative. According to Kovacevic et al,38 
this is not uncommon in those with stress fractures 
around the hip.

According to Williams and Cohen,3 tenderness over 
the gluteus medius muscle and a positive Trendelen-
burg test, along with weakness of the hip abductors, 
may be indicative of gluteal tendinopathy or gluteus 
medius muscle dysfunction. Although these find-
ings were present, the authors would have expected 
more pain when the subject landed on an unstable 
surface. Electromyographic analysis of the gluteus 

medius has shown increased activity during weight 
bearing activity on unstable surfaces.46 Thus, a diag-
nosis of gluteus medius muscle dysfunction was 
possible but seemed less likely.

There were multiple signs and symptoms that were 
not consistent with the initial physician diagnosis 
of trochanteric bursitis, or GTPS (Table 3). Although 
the subject was female and experienced lateral hip 
pain with running, her pain was not exacerbated by 
lying on the affected side, standing for prolonged 
periods of time, sitting with the affected leg crossed, 
or climbing stairs which usually occurs with GTPS.3,4 
Upon physical examination, the subject also did not 
have distinct tenderness over the greater trochanter, 
pain at end-range hip ROM, and pain with resisted 
hip abduction, all of which would have been indica-
tive of GTPS.3 In addition, the subject did not have 
erythema, edema, or rubor that would suggest tro-
chanteric bursitis.3,4 Therefore trochanteric bursitis 
and GTPS were less likely diagnoses. Based on the 
subjective and objective examination findings, con-
cerns were discussed with the subject and referral 
back to her physician was considered. 

INTERVENTION
On the day of the initial evaluation, the subject was 
instructed to avoid provocative activities including 
running, jumping, hopping, lunging, and other plyo-
metric activities to avoid further injury or joint com-
plications. Further, the subject was educated to wear 
shoes with improved shock absorption, such as gym 
shoes, as often as possible during any weight bear-
ing activity.

OUTCOME
The referring physician was contacted by the pri-
mary author (J.I.L.), but the subject was unable 
to make an appointment with the physician. Four 
days after the initial examination, the subject was 
seen by PT and reported no change in symptoms; 
however, the subject had begun wearing gym shoes 
more frequently instead of heels. The primary and 
tertiary authors re-assessed the subject’s right lat-
eral hip pain, and again, her symptoms were repro-
duced with right SL hopping on concrete surface and 
relieved when hopping on two-inch foam surface. 
The subject was instructed to not participate in her 
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normal workout routine and avoid running and high 
impact LE activities. The referring physician was 
again contacted. The subject was ultimately seen by 
her physician one week later. The authors recom-
mended magnetic resonance imaging as it has dem-
onstrated 95% sensitivity in detecting fractures47 
and is considered by many to be the gold standard 

for diagnosing stress fractures.48,49 Radiographs of the 
hip and pelvis, however, were initially ordered and 
were unremarkable (Figure 2). The referring physi-
cian was contacted to discuss the need for further 
diagnostic imaging due to the sensitivity of plain 
radiographic film being as low as 15% in diagnos-
ing stress fractures.9 A T2-weighted MRI was ordered 

Table 3. Common risk factors, subjective and objective fi ndings, and general intervention for greater trochanteric pain 
syndrome and hip stress fracture, and the fi ndings for the subject of this case report.

GTPS Hip Stress Fracture Findings in this Case Report 

Risk factors 

Female gender, obesity, knee 

osteoarthritis or knee pain, iliotibial 

band tenderness, and low back pain1, 

40-60 years of age3

Training errors (high mileage, high 

intensity, abrupt change in training 

program, footwear, training surfaces), 

female gender, low bone mineral 

density, female athlete triad (disordered 

eating, amenorrhea, osteoporosis)17,18

Abruptly changed frequency, duration, 
and intensity of workout routine, female 
gender 

Pain description Achiness, stiffness of lateral hip1 Ache18 ehcapeeD

Mechanism of injury Often insidious, chronic, intermittent3,4 Gradual onset, abrupt change of 

activity12

Gradually worsening after abrupt 
change in workout 

Aggravating factors 

Lying on the affected side, prolonged 

standing, sitting cross-legged, climbing 

stairs, running, high impact activities3,4

Repetitive training, weight bearing,26 

activity-related pain18 High impact weight bearing activities 

Alleviating factors tserybdeveileryllaitraPtseR 26 Rest 

Objective measures 

Pain and/or weakness with resisted hip 

abduction3 srotcudbapihthgirfossenkaeW

Tenderness around greater trochanter3 Focal tenderness, swelling, and 

erythema18

Significant palpable tenderness 
proximal and posterior to greater 
trochanter 

Pain at end-range hip ROM3 Normal hip ROM38; pain at extreme 

end-range internal or external rotation26 Pain-free hip ROM 

Trendelenburg sign3 Antalgic gait18 ngisgrubnelednerTevitisoP

tsetpohropatleehevitisoP 18 Positive SL hop test on concrete surface 

ecafrusmaofnotsetpohLSevitageN

Special tests 
Positive FABER3 Positive patellar-pubic percussion 

test36,37 Negative FADIR, FABER, hip scour 

Negative patellar-pubic percussion test 

General intervention 

Conservative treatment (nonsteroidal 

anti-inflammatory drugs, ice, weight 

loss, physical therapy, behavior 

modification)3

Varies from surgical intervention to 

relative rest17, 18

Conservative: patient to avoid running 

and high level LE plyometrics. Weight 

bearing as tolerated for four weeks 

GTPS= greater trochanteric pain syndrome; ROM= range of motion; SL= single legged; FABER test= flexion, abduction, external rotation; FADIR 

test= flexion, adduction, internal rotation; LE= lower extremity.  
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and revealed a focus of bony edema in the posterior 
acetabulum, just deep to the cortex of iliopectineal 
line which was suspicious for a stress fracture (Fig-
ure 3). A staff radiologist confirmed that there was 

marrow edema present in the acetabulum suggest-
ing a stress injury. 

The subject followed up with an orthopedic physi-
cian who gave her the diagnosis of acetabular stress 
fracture and advised her to avoid running and high 
level LE plyometrics. Since she was asymptomatic 
with walking and was to be married in a month, she 
was instructed to weight bear as tolerated (WBAT) for 
four weeks. One year later the subject reported that 
she had returned to her normal activity of running 
one to two times per week for 30 minutes without 
problems, but was no longer doing plyometrics. She 
was functioning throughout the day without pain. 

DISCUSSION
This case described the clinical decisions and diag-
nostic process used by the physical therapist in a 
subject with lateral hip pain. The subject was origi-
nally referred to PT by her primary physician for 
trochanteric bursitis. However, several indicators 
suggested the diagnosis of a stress fracture in her 
hip region as a source of her symptoms and activity/
participation restrictions. Namely, the subject was a 
female who abruptly increased her weight bearing 
activity intensity, frequency and duration. Accord-
ing to Nelson and Arciero18 one of the most common 
risk factors in the development of stress fractures is 
training errors, including high mileage, high inten-
sity, or an abrupt change in the training program, 
which the subject in this case reported. The objec-
tive finding of a positive SL hop test on concrete sur-
face and negative on foam also raised the authors’ 
suspicion of a stress fracture. 

This subject had normal hip ROM, negative special 
tests of the hip including hip scour, FABER, FADIR, 
and a negative patellar-pubic percussion test (PPPT). 
It has been noted that normal hip ROM in those with 
femoral stress fractures is not uncommon.38 The PPPT 
is an application of osteophony performed with the 
subject supine and the bell of the stethoscope placed 
on the pubic symphysis, held in place by the subject. 
The subject’s legs are positioned symmetrically while 
the clinician stabilizes the patella. The clinician per-
cusses the patella and compares the sounds from each 
leg for differences in pitch and loudness. In the case 
of bone pathology, the affected side will have a duller, 
diminished sound as compared to the unaffected 

Figure 2. Radiograph of the right hip, unremarkable. 

Figure 3. MRI of bilateral hips (transverse cut) revealing a 
focus of bony edema in the posterior acetabulum, just deep 
to the cortex of the iliopectineal line, suspicious for a stress 
 fracture.
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side.50 The PPPT previously described by File36 has 
been shown to be 96% sensitive and 86% specific in 
detecting femoral neck fractures due to trauma.37 The 
negative results in the current subject are likely due 
to the fact that she had an acetabular stress fracture. 
Otherwise, the authors are unaware of any reliability 
or validity data on any of the above-mentioned tests in 
regards to stress fractures about the hip.

There is a paucity of literature on the clinical pre-
sentation of acetabular stress fractures. In a study 
of 178 Navy and Marine Corps endurance athletes 
presenting with hip pain related to physical activity, 
only 12 subjects, or 6.7% had MRI findings consistent 
with acetabular stress fractures.43 The current sub-
ject presented similarly to a case report published 
by Thienpont and Simon51 in a 26 year old female 
professional ballet dancer diagnosed with an acetab-
ular stress fracture. Both subjects of similar ages had 
right hip pain for a duration of three months, a posi-
tive right Trendelenburg test, and normal hip mobil-
ity. Though both subjects were successfully treated, 
the ballet dancer was instructed in six weeks par-
tial weight bearing with crutches; the subject in the 
current case study remained WBAT for four weeks 
while reducing her high impact activities. 

Common sites of stress fractures associated with 
physical activity are listed in Table 4 with the tibia 
and femoral shaft as the most common sites of stress 
injury in runners.52 Stress fractures of the acetabulum 
are extremely rare, but can occur in individuals who 
participate in repetitive training in which large forces 
pass through the hip joint.26 According to Datir et al,52 
60% of stress injuries occur in the proximal femur and 
40% occur in the pelvis. Among the stress injuries in 
the pelvis, 49% are located in the inferior pubic ramus, 
41% in the sacrum, 4% in the superior pubic ramus, 
4% in the iliac bone, and 1% in the acetabulum.52 

Ultimately, to confirm suspicious findings indica-
tive of a stress fracture, diagnostic imaging is rec-
ommended.52,53 Radiographs are usually the initial 
technique used to investigate stress fractures52,18 
because they can detect periosteal bone reaction, 
cortical lucency, callus formation, or a fracture line 
that are typical findings of stress fractures.18 Upon 
suspicion of a stress fracture, the authors referred the 
subject back to her physician for further imaging to 

rule in/out a fracture. Radiographs were negative for 
fracture in this subject. However, radiographs have 
poor sensitivity with detection rates as low as 15%52 
and may be normal even after several months since 
the onset of symptoms,18 which became apparent in 
this case. Williams et al43 report that the sensitivity 
of radiographs is 15-28% in detecting pelvic stress 
fractures. Furthermore, only 50% of stress fractures 
may be evident on plain radiographs.18 Bone scin-
tigraphy is more sensitive in detecting stress inju-
ries than radiography, but has poor specificity and 
provides poor anatomic detail.8,52 Therefore, bone 
scintigraphy is commonly used to evaluate systemic 
symptoms indicative of bone and joint disease, 
rather than to evaluate a single joint.8 When radio-
graphs revealed normal findings in our case, the 
referring physician was contacted by the primary 
author to determine the need for further diagnostic 
imaging, and ultimately, an MRI was ordered. MRI is 
considered the gold standard diagnostic tool for eval-
uating stress fractures.8,18,52 It is the most sensitive 
and specific imaging technique for detecting patho-
physiological soft tissue, bone, and marrow changes 

Table 4. Sites of stress fracture associated with physical 
activity

Adapted and used with permission from: Datir AP, Saini A, 
Connell A, Saifuddin A.Stress-related bone injuries with emphasis 
on MRI. Clin Radiol. 2007;62:828-83652, pg829   

Activity Common sites of stress fracture
Femur: neck and shaft
Tibia: plateau and shaft
Fibula
Pubic ramus
Metatarsal
Calcaneus

Sprinting Navicular
Pubic ramus
Femur: neck
Tibia: shaft
Fibula
Metatarsal
Sesamoid bones of the foot

Pole vaulting Talus
Pars Interarticularis
Ulna
Pars Interarticularis
Humerus
Olecranon
Ulna

Dancing Metatarsal
Rowing/Golf Ribs

Racquet sports/throwing

Ballet

Military marching

Long-distance running

Gymnastics
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associated with stress injuries about the hip.8,52 The 
high sensitivity of MRI also has the ability to detect 
early bone marrow edema, which is the diagnostic 
feature of the stress response.43,52

The importance of identifying stress fractures quickly 
is critical for appropriate management. While infor-
mation is lacking in regards to acetabular stress frac-
tures, authors have noted a delay in diagnosis of 
femoral neck stress fractures leading to a high com-
plication rate.54,55,56 Thus, to ensure quick and safe 
recovery, appropriate diagnosis is necessary.

CONCLUSION
This case report describes the differential diagnosis 
and clinical decision making process used with an 
individual with undiagnosed acetabular stress frac-
ture. Physical therapists should conduct a thorough 
examination to ensure appropriate management of 
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ing activity, relieved by rest. Pain elicited by hopping 
on a firm surface, pain-free hopping on a foam sur-
face, a positive Trendelenburg sign, and weakness in 
hip abduction were key examination findings.
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ABSTRACT
Background and Purpose: Movement dysfunction in the trunk and lower extremity (e.g., apparent hamstring tight-
ness) may produce pain, as well as decrease range of motion, function, and performance in athletes. Novel treatments 
not frequently studied in the literature, such as Total Motion Release® (TMR®) and instrument-assisted soft -tissue 
mobilization (IASTM), have anecdotal claims of immediate, gross gains of mobility that far exceed conventionally 
reported results. The purpose of this case report was to examine the efficacy of TMR® in treating an apparent tissue 
tightness/extensibility dysfunction and to determine if IASTM would improve outcomes if TMR® techniques failed to 
produce maintained improvement. 

Case Description: A 27-year old former competitive speed walker presented with a chronic history of bilateral pain 
and posterior leg tightness. The patient met the criteria for diagnosis of a bilateral tissue extensibility dysfunction in 
the posterior lower extremity and was treated with TMR® and IASTM (Técnica Gavilán®; Tracy, California, United 
States).

Outcomes: After the first week of treatment, the patient increased her sit and reach by 5cm and her active straight 
leg raise (ASLR) by an average of 31.5° bilaterally. Following the second week of treatment, the patient experienced 
an additional increase in sit and reach and ASLR. At discharge, the patient displayed negative 90/90 Active Knee 
Extension, Tripod, and Slump tests bilaterally, normalized ASLR and a resolution of her complaints. Follow-up exami-
nations completed at one month and three months post-discharge indicated maintenance of the outcomes without 
any additional interventions.

Discussion: The subject in this case report demonstrated the potential use of TMR® in classifying apparent ham-
string tightness and provided evidence to support the use of TMR® and IASTM in addressing mobility deficits associ-
ated with hamstring inflexibility/tightness. Based on these findings, clinicians should consider the use of TMR® to 
improve classification and treatment of patients with a chief complaint of hamstring “tightness.”

Level of Evidence: Level 4; single case report.

Key Words: Apparent hamstring tightness, tissue extensibility dysfunction, total motion release
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BACKGROUND AND PURPOSE
Tissue extensibility dysfunction (TED), joint mobil-
ity dysfunction (JMD), and/or stability motor con-
trol dysfunction (SMCD) in the trunk and lower 
extremity have been theorized to produce pain, as 
well as decrease range of motion (ROM), function, 
and performance in athletes.1-3 A variety of poten-
tial causes, including muscular inflexibility,1 muscu-
loskeletal injury,4,5 loss of normal neurodynamics,6 
or neuromuscular protection patterns1 may result 
in a patient presenting with decreased mobility at 
the trunk and hip. A clinician should be able to effi-
ciently identify the underlying cause of the patient’s 
reduced mobility, dysfunction, and/or pain to best 
match the appropriate intervention to presentation 
of the individual patient. 

Several clinicians (e.g., Mulligan7, Dalonzo-Baker8) 
suggest that rapid and immediate changes in many 
clinical signs and symptoms may occur when “appar-
ent hamstring inflexibility/tightness” is found during 
clinical examination. The reported anecdotal expecta-
tions of these clinicians, however, far exceed what can 
be expected if “true” muscular tissue tightness is pres-
ent.7,8 Thus, the classification of “apparent hamstring 
inflexibility/tightness” is used when a patient presents 
with positive findings using traditional evaluative mea-
sures (e.g., 90/90 Active Knee Extension Test, etc.), but 
does not have “true” tissue length/extensibility as the 
root cause of the patient’s dysfunction. “True” tissue 
tightness would only be considered when a length defi-
cit resulting from an inability of tissue to appropriately 
elongate/extend10 is present and this condition should 
require a tissue remodeling intervention for resolu-
tion. Given the range of possible causes of conditions 
that present as apparent muscular tightness/extensi-
bility dysfunction, it is not surprising that intervention 
and injury surveillance research has produced such 
disparate and contradictory results.10-14 Although the 
underlying mechanisms resulting in apparent ham-
string tightness/extensibility dysfunction are not well 
understood, the possibility2,7,8 of immediate, gross gains 
of mobility that far exceed conventionally reported 
results using interventions designed to increase tissue 
length/extensibility12-15 requires investigation.

Total Motion Release®
Total Motion Release® (TMR®) is a technique based 
on the assessment of asymmetry within the body.16 

Tom Dalonzo-Baker, the founder of TMR®, has sug-
gested that whenever apparent hamstring tightness 
exists, forward trunk flexion with rotation should be 
tested both with the feet together and the feet apart 
(Figure 1-3).17 The TMR® forward flexion trunk twist 
(FFTT) technique for hamstring tightness may be 
performed in either a standing or long-sitting posi-
tion.8 The technique requires the patient to forward 
bend with feet together and then rotate the trunk to 
the right and to the left while identifying the “good 
side” (e.g., side with more motion, smoother motion, 
less pain). The patient grades each side using a 0-100 
scale, where 0 = “no problems at all” and 100 = “the 
worst”.8 Once the “good side” is identified, the patient 
is then asked to do 10 rotation repetitions to the good 
side to end range of motion or to hold the rotation 
at the terminal range of motion for 20-30 seconds. 
During the repetitions, the patient is asked to release 

Figure 1. Total Motion Release® Hamstring Technique feet 
together starting position.
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what he/she feels is preventing further motion (e.g., 
bending one knee, extending the trunk to finish the 
rotation) whenever resistance is experienced during 
the movement. The patient completes this move-
ment/exercise in sets (e.g., two sets of 10 repetitions, 
two sets of 20 second isometric holds), while re-
checking their primary complaint after completing 
the exercise sets. Typically, the patient will continue 
to perform the TMR® movement/exercise until com-
pleting sets of the movement no longer improves the 
primary complaint (e.g., performing a “toe-touch”). 

After completing the initial treatment, the patient may 
be asked to test a more advanced motion in the TMR® 
system. The next motion test for the apparent ham-
string technique requires the patient to place the feet 
in a straddle position, several feet apart (e.g., shoul-
der width). The patient determines the “good side” by 
rotating the trunk to the left and right over each leg. 

After identifying the “best” out of the four motions, 
the patient performs the same treatment process (i.e., 
rotation until a barrier is felt and then the restricting 
motion segment is released to continue the motion). 

Following the completion of treatment, the patient 
should reassess his/her movement within the TMR® 
system (e.g., forward trunk flexion with rotation) and 
against the primary complaint (e.g., toe-touch). The 
expectation is that a dramatic increase in motion 
with a decrease in symptoms will occur; the change 
should far exceed what would be expected according 
to tissue remodeling theory typically employed with 
traditional interventions (e.g., static stretching). It is 
important to note that if neither of the TMR® motion 
tests demonstrate appreciable differences between 
sides on the 0-100 scale, then the patient would likely 
benefit from other interventions in lieu of the TMR® 
hamstring tightness techniques.8 If effective, the 

Figure 2. Total Motion Release® Hamstring Technique test-
ing trunk rotation to the right with feet together.

Figure 3. Total Motion Release® Hamstring Technique test-
ing trunk rotation to the right with feet apart.
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TMR® technique could not only serve as an effec-
tive intervention, but may also work as an effective 
screening tool used to identify patients who need 
an intervention that would work through a different 
mechanism of action (e.g. static stretching). 

Instrument Assisted Soft Tissue Mobilization
Instrument Assisted Soft Tissue Mobilization 
(IASTM) is a non-invasive technique that may be 
utilized in combination with TMR® when it appears 
tissue remodeling may be necessary to restore full 
function. Researchers have suggested that the use of 
IASTM initiates a healing cascade, reduces soft tis-
sue adhesion, mechanically mobilizes fascial tissues, 
and improves tissue healing.18-21 Most IASTM tech-
niques are performed statically, while the Técnica 
Gavilán® (Tracy, California, United States) method 
incorporates IASTM with movement and loading 
(e.g., stretching, muscular contraction) of the tissue 
being treated.22 In theory, using the Técnica Gavilán® 
method is beneficial to the healing process because 
it combines the benefits of mechanical load with 
therapeutic exercise during IASTM treatments.3,22

The purpose of this case report was to examine the 
efficacy of TMR® in treating an apparent tissue tight-
ness/extensibility dysfunction and to determine if 
IASTM would improve outcomes if TMR® techniques 
failed to produce maintained improvement. The case 
report was guided by three clinical research ques-
tions: 1) If a patient presents with apparent TED, 
will movement impairments be present in loaded 
and unloaded positions? 2) In this patient, did the 
TMR® FFTT hamstring tightness technique decrease 
the level of disablement as measured by the Numeric 
Rating Scale (NRS), goniometric active ROM mea-
surements, and special tests (i.e., standing flexion, 
sit and reach, 90/90 Active Knee Extension test, Tri-
pod test, and Slump test)? 3) In this patient, would 
the use of IASTM promote treatment effectiveness if 
the clinician perceives the effects of the basic TMR® 
FFTT hamstring technique had plateaued? 

CASE DESCRIPTION: SUBJECT HISTORY 
AND SYSTEMS REVIEW
The subject, a 27-year old former competitive speed 
walker, presented with a chronic history (over five 
years) of bilateral pain and posterior leg tightness, 
which included discomfort during activities of daily 

living (ADLs). She presented without any previous 
history of trauma or injury to her lower extremities, 
but had a previous lumbar spine pathology that had 
been resolved without recurrence for 10 years. The 
subject experienced tingling and pain through her 
posterior thigh during hamstring stretching activi-
ties, but these sensations did not progress below the 
knee. She also reported sensations of tightness and 
discomfort during ADLs which placed her posterior 
leg on stretch, but otherwise did not have any other 
complaints in the spine or lower extremity. She 
reported receiving various traditional treatments 
(e.g., thermal modalities, stretching) over the previ-
ous five years without improvement in her symp-
toms. The history portion of the exam did not reveal 
any red flag symptoms and the subject reported 
being otherwise healthy. The study was approved by 
the University of Idaho Institutional Review Board 
and the subject provided written consent for partici-
pation in the case study.

CLINICAL IMPRESSION #1
“True” hamstring tightness is commonly addressed 
using treatments focused on lengthening the soft tis-
sue (e.g., muscle, fascia, etc.). As the subject had not 
reported any previous improvement following tra-
ditional warm-up and stretching interventions, the 
cause of the subject’s chief complaint was hypoth-
esized to be a result of apparent (i.e., non-tissue 
length related) hamstring tightness/extensibility 
dysfunction. Further evaluation needed to be per-
formed to identify whether the subject could be clas-
sified with true versus apparent hamstring tightness 
based on traditional evaluation techniques.

EXAMINATION
Clinical evaluation did not reveal obvious deformity, 
erythema, edema, ecchymosis, and gait or postural 
abnormalities. Physical examination revealed pal-
pable tension in her posterior thigh/leg, but she did 
not report any other point tenderness in her spine, 
sacroiliac joint, or lower extremities. Active ROM 
assessment revealed decreased active straight leg 
raise (SLR) (61˚on left leg, 56˚ on right leg) bilater-
ally that produced pain rated 5/10 on the NRS. She 
reported the pain felt like a “burning” sensation and 
traveled from her proximal thigh to just proximal to 
her knee. Passive SLR assessment produced a firm 
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end-feel with equal ROM deficiency when compared 
to active ROM and the subject reported experienc-
ing the same pain (i.e., severity and patterning) dur-
ing testing. All other hip (i.e., abduction, adduction, 
extension, internal rotation, external rotation, and 
bent knee hip flexion) and ankle (i.e., dorsiflexion, 
plantarflexion, inversion, and eversion) ranges of 
motion were within normal limits actively and pas-
sively. The subject’s manual muscle tests (includ-
ing hip flexion, hip extension, hip internal rotation, 
hip external rotation, hip adduction, hip adduction, 
knee flexion, knee extension) were normal (5/5) 
bilaterally. Orthopedic special tests were negative 
for fracture, disc pathology, facet, and hip pathology; 
however the 90/90 Active Knee Extension (AKE), 
Tripod, and Slump Tests were positive bilaterally.

The subject also displayed a flexion limitation in a 
weight-bearing (i.e., standing multi-segmental flex-
ion) position and experienced pain with that move-
ment in her posterior thigh (i.e., approximately 

mid-thigh to just proximal to popliteal fossa). She also 
demonstrated a flexion limitation in a non-weight-
bearing (i.e., seated multi-segmental flexion) posi-
tion with a sacral angle of less than 70˚ (Table 1) and 
experienced pain with that movement in her poste-
rior thigh. The subject had normal, pain-free motion 
when pulling her knees to her chest (i.e., passive 
hip and lumbar flexion). When asked to perform the 
TMR® trunk twist to each side, the subject reported 
that it was much easier to twist to her right (thus, 
defined as the good side). Within the TMR® grading 
system, the subject rated her trunk twist to the right 
a 0/100 and the trunk twist to the left a 70/100. To 
further rule out other lumbar spine involvement, a 
second clinician, who had completed the McKenzie 
Mechanical Diagnosis and Therapy (MDT) diploma 
program, completed an MDT exam and cleared the 
lumbar spine for possible involvement. The lower 
quarter screen was also unremarkable. The subject 
reported a Patient Specific Functional Scale (PSFS) 
score of 4 out of 10. 

Table 1. Range of Motion Measurement Techniques and Procedures.
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CLINICAL IMPRESSION #2
The working clinical diagnosis was an apparent lower 
extremity TED based on the ROM measurements, 
special tests, and TMR® trunk twist assessments. As 
the subject’s complaints were consistent with the 
examination results and traditional treatments had 
failed to improve her symptoms previously, treat-
ment was focused on her movement asymmetry 
during the TMR® trunk twist assessment. It was the-
orized that utilizing TMR® to address the trunk twist 
asymmetry could assist in resolving any underly-
ing core SMCD and neural tension issues that may 
have been contributing to her dysfunction. Follow-
up time points were chosen, one and three months 
post-discharge.

INTERVENTION
After initial examination, a treatment protocol using 
only TMR® was performed by the same clinician dur-
ing the first week of treatment. The TMR® technique 
utilized has been suggested for use to address appar-
ent hamstring flexibility dysfunction.17 The interven-
tion began with a five-minute warm-up on a stationary 
bicycle at a set resistance followed by the completion 
of all measurements (Table 1). The TMR® FFTT tech-
nique utilized involved forward flexion trunk rota-
tions (1 set of 10 repetitions to end-range without an 
isometric hold) to the subject’s side with less restric-
tion with her feet next to each other and bent-over 
trunk rotations (1 set of 10 repetitions to end-range 
without an isometric hold) to the side with less restric-
tion with her feet shoulder width apart. On each rep-
etition, when resistance during the movement was 
felt, the subject was asked to release the body part/
segment she felt was preventing further motion (e.g., 
bending one knee, extending the trunk) to finish the 
rotation (Figure 4). All of her measurements were 
then reassessed. The subject was instructed to avoid 
any additional treatment (e.g., stretching, thermal 
modalities), but was otherwise not restricted from 
any activity. The TMR® treatment was applied three 
times on non-consecutive days during the first week 
as a means for addressing movement asymmetries/
dysfunction and required less than two minutes to 
complete. The subject was not given a home exercise 
program to complete between clinic visits and agreed 
to not perform any other interventions (e.g., stretch-
ing) while receiving treatment. 

The second week of treatment included a continua-
tion of the TMR® technique, followed by the appli-
cation of IASTM with movement to the hamstring 
(two minutes) and triceps surae (one minute) mus-
cle groups on each leg. When treating the hamstring 
muscle groups, the patient was placed in a supine 
position so that she could perform active-assistive 
hip flexion/extension through a pain-free ROM 
while the clinician applied the instruments. When 
treating the triceps surae muscle groups, the patient 
was placed in a prone position so that she could 
actively move her ankle through pain-free dorsi-
flexion/plantarflexion while the clinician applied 
the instruments. The IASTM application was added 
as an intervention to address potential true TED 
symptoms that appeared to be limiting maintained 
improvements from the third TMR® treatment (i.e., 

Figure 4. Example of the “knee release” when moving into 
end-range trunk rotation while performing treatment using 
the Total Motion Release® Hamstring Technique.
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Day 5 post-measurement to Day 8 pre-measure-
ment). During this week, the subject began with a 
five-minute warm-up on a stationary bicycle at a set 
resistance followed by the completion of all mea-
surements. The TMR® technique was then applied 
and all measurements were taken again. The IASTM 
technique was then applied and the measurements 
were completed a final time. All IASTM treatments 
were provided by a clinician who was certified by 
Técnica Gavilán® (Tracy, CA). The treatment proto-
col was also applied three times on non-consecutive 
days during the second week. Over the course of her 
care, all treatments and measurements were pro-
vided/collected by the same clinician. 

OUTCOMES
After the first week of treatment (TMR® only), the 
subject increased her sit and reach by 5cm and 
her SLR hip flexion by an average 31.5° bilaterally 
and a resolution of her complaints with ADLs as 
reported on the PSFS (Table 2). Following the second 
week of treatment (TMR® and IASTM), the subject 

 experienced an additional increase in sit and reach 
(5cm) and SLR hip flexion (7.5° bilaterally) (Table 3). 
Additionally, the subject displayed negative 90/90 
AKE, Tripod, and Slump tests bilaterally at discharge. 
Following the sixth treatment, 12 days after initial 
exam, the subject was discharged with normal ROM, 
a TMR trunk twist score of 0/100 in both directions, 
and a resolution of her complaints (i.e., PSFS score of 
10/10). Over the six treatments, the subject reported 
a five-point decrease in pain on the NRS, represent-
ing a change that exceeds the established standards 
for a minimal clinically important difference (MCID) 
of two points.26,27 Follow-up examinations were com-
pleted at one and three months post-discharge and 
indicated maintenance of the final measurements 
and a continued resolution of symptoms without any 
additional interventions (Table 3). 

DISCUSSION
This case report was performed to investigate the 
effectiveness of TMR® and IASTM to treat appar-
ent chronic hamstring tightness and pain that 

Table 2. Results of TMR® Treatment During the First Week of Treatment.
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was identified with traditional hamstring flexibil-
ity measures. The interventions were effective at 
addressing subject dysfunction as indicated by the 
normalized ROM, resolution of pain (clinically sig-
nificant changes), and the subject being asymptom-
atic at discharge exam in a total of six treatments 
over two weeks. Total Motion Release® was selected 
as an intervention because it is advocated to rapidly 
change apparent hamstring tightness and the sub-
ject presented with an asymmetrical movement pat-
tern during TMR® testing. The IASTM intervention 
was selected because it is indicated for patients clas-
sified with a TED.3

Tissue extensibility dysfunction, especially in the 
hamstring muscle group, is a common complaint in 
physically active individuals.1,28-30 Various research 
studies have been conducted to determine the 
effect of different stretching protocols on improving 

hamstring flexibility. For example, a recent investi-
gation using the American College of Sports Medi-
cine stretching guidelines demonstrated an average 
increase of 16.6° of hip flexion in subjects, over a 12 
week static stretching program.31 In a male athletic 
population, static stretching produced an increase of 
12° in knee extension after a six-week static stretch-
ing program.12 Similarly, use of a six-week proprio-
ceptive neuromuscular facilitation (PNF) stretching 
protocol demonstrated an increase of 19° in knee 
extension in subjects.32 Flexibility improvements 
associated with stretching protocols are found for 
both static and PNF stretching, but the findings also 
suggest the improvements required repetitive appli-
cation of the stretching protocol performed over a 
long period of time. Few studies, if any, establish 
criteria for determining if participants should be 
included in a stretching protocol by determining 
if the apparent ROM deficiencies truly need to be 

Table 3. Results of TMR® and IASTM Treatment During 2nd Week and at Follow-up Exams.
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addressed through tissue lengthening interventions, 
which may be necessary given certain findings. 

For example, there is evidence in the literature to 
support the theory that joint33,34 and soft-tissue3 mobi-
lization with movement can improve ROM measures 
for patients with apparent hamstring tightness. The 
traction SLR is a joint mobilization with movement 
indicated when patients present with a limited SLR 
and posterior thigh pain that does not extend below 
the knee.7,33,35 In a case report, researchers found a 
21° increase in hip flexion SLR and an elimination 
of pain following two treatments of the traction 
SLR.36 Other researchers have compared the traction 
SLR to stretching and found that it was significantly 
more effective than both static and PNF stretching.34 
Similarly, the use of IASTM with movement using 
Técnica Gavilán® in three patients classified with a 
TED resulted in an average ROM increase of over 44˚ 
in SLR measures in an average of 7.33 treatments.3 
Another option to address reduced hamstring ROM is 
the use of neurodynamic sliding of the sciatic nerve. 
In patients with reduced hamstring ROM on a pas-
sive SLR, neurodynamic sciatic sliding has resulted 
in improved ROM compared to static stretching, 
placebo, and control groups.11,37 Following a single 
treatment session, subjects receiving neurodynamic 
sciatic sliding intervention improved by 9.86o while 
subjects in the static stretching group improved by 
5.5o and the placebo group improved by 0.03o on a pas-
sive SLR measurement.11 Similar results have been 
demonstrated following a one week course (three 
treatment sessions) of neurodynamics with subjects 
in the sciatic sliding intervention group improving 
by 9.4o compared to 0.2o in the control group.37

Although there are currently no published studies 
about the TMR® treatment for apparent hamstring 
tightness, researchers have provided evidence sup-
porting the underlying theories of neural coupling and 
cross education. Neural coupling is the brain-based 
modulation and coordination of sensation and move-
ment that occurs within the body.37,39 Researchers40,41 
demonstrated that movement of the upper limbs pro-
motes neuromuscular activation of the lower limbs, 
possibly providing support to the theory that trunk 
and upper body rotation during a TMR® treatment 
may have an impact on trunk and lower extrem-
ity movement. Completing the “release” maneuver 

(e.g., bending knee, extending trunk) increases total 
body movement and allows for maximal motion dur-
ing the activity, which may optimize neuromuscu-
lar activity through the trunk and lower extremity. 
Other researchers16 who addressed ROM deficits in 
the upper extremity found significant and clinically 
meaningful increases in shoulder mobility following 
a TMR® treatment compared to a traditional warm-
up protocol. Additionally, performing a motion on the 
good side may have a cross education effect, resulting 
in bilateral improvements, as has been demonstrated 
in the literature following stretching,42 strengthen-
ing,43 and surgical procedures.44

In this case report, the use of TMR® alone improved 
“loaded” (i.e., standing hip flexion) and “unloaded” 
(i.e., sit and reach) functional measurements, while 
also producing an increase of 30° (56° to 86°) on the 
right side and of 33° (61° to 94°) on the left side dur-
ing active SLR, with an increase of 36° (28° to 64°) 
increase in right knee extension and a 37° increase 
in left knee extension (32° to 69°) measured using 
the Active 90/90 Knee Extension Test in three treat-
ments of two minutes over five days. Additionally, 
the patient’s complaints during ADLs were resolved 
after the first TMR® treatment as reported on the 
PSFS. The combination of TMR® with IASTM (three 
additional treatments over five days) continued to 
produce patient improvement in both the “loaded” 
and “unloaded” functional measurements, while 
also resulting in SLR measurements greater than 
100° bilaterally. Additionally, the Active 90/90 AKE, 
Tripod, and Slump tests were no longer positive at 
discharge. The use of TMR® and IASTM produced 
greater results at a faster rate than is reported in 
the literature for common stretching protocols and 
the gains were maintained at three month follow-
up without further intervention. The findings of 
this case report illuminate the potential need to re-
examine the clinical paradigm that leads clinicians 
to recommending a stretching protocol for a patient. 

Limitations and Future Research
As the results of a single case report cannot be gen-
eralized to other patients, additional research is 
needed to determine the effectiveness of this pro-
tocol in a greater number of subjects. In this case 
report, the clinician and patient were not blinded 
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hamstring strains. J Orthop Sports Phys Ther. 
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2014;26:209-213.

14. Puentedura EJ, Huijbregts PA, Celeste S, et al. 
Immediate Effects of Quantifi ed Hamstring 
Stretching: Hold-Relax Proprioceptive 
Neuromuscular Facilitation Versus Static Stretching. 
Phys Ther Sport. 2011;12:122-126.

15. Draper DO, Castro JL, Feland B, Schulthies S, Eggett 
D. Shortwave diathermy and prolonged stretching 
increase hamstring fl exibility more than prolonged 
stretching alone. J Orthop Sports Phys Ther. 
2004;34(1):13–20. 

16. Gamma S, Baker RT, Iorio S, Nasypany A, Seegmiller 
JG. Total motion release warm-up improves 
dominant arm shoulder internal and external 
rotation in baseball players. Int J Sports Phys Ther. 
2014;9(4):509-517.

17. Dalonzo-Baker T. Getting rid of tight hamstrings 
quickly – the TMR way: Part 2. [Video]. Retrieved 
from https://www.youtube.com/
watch?v=oCMnMpUlGHo. Last update 9 March 
2012. Accessed 9 June 2015.

18. Sevier TL, Gehlsen GM, Wilson JK, Stover SA, Helfst 
RH. Traditional physical therapy vs. graston 
augmented soft tissue mobilization in the treatment 
of lateral epicondyilitis. Med Sci Sports Exerc. 
1995;27(5):S52.

19. Davidson CJ, Gavion, LR, Gehlsen, GM, et al. Rat 
tendon morphologic and functional changes 

to the treatment or outcomes, which could bias the 
results. Within the TMR® system, there is potential 
that performing more than one set of the technique, 
performing the technique multiple times per day, 
or treating another area of the body presenting with 
greater asymmetry in movement may produce bet-
ter outcomes. Designing a randomized control trial 
that uses a greater number of research participants, 
utilizes a control group, blinds researchers, and 
examines different TMR® interventions would be 
useful in determining the value of TMR® for improv-
ing movement asymmetries and ROM.

CONCLUSION
The combined treatment interventions of TMR® and 
IASTM resolved the subject’s complaints in six visits 
and improved the patient’s dysfunction in “loaded” 
and “unloaded” positions. Additionally, the results 
were maintained without further intervention at the 
one and three month follow-up exams. The present 
case report is an example of the potential need to re-
examine the clinical paradigm that leads clinicians 
to recommending a tradi tional stretching protocol 
for a patient.
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