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Background 
In elite tennis players, musculoskeletal adaptations in the dominant upper extremity have 
been reported for range of motion, strength, and scapular biomechanics. In addition to 
scapular dysfunction, tightness and inflexibility of the pectoral musculature have been 
identified as risk factors for the development of overuse shoulder injury in overhead 
athletes. 

Hypothesis 
Differences in anterior shoulder position will be identified between the dominant and 
non-dominant extremity in elite tennis players. The purpose of this study was to examine 
bilateral differences in anterior shoulder posture measured using a double square in elite 
tennis players without shoulder injury. 

Study Design 
Descriptive Laboratory Study 

Methods 
Three hundred and six uninjured elite tennis players were measured in the supine 
position using a double square method to measure anterior shoulder position. The 
distance from the surface of the table to the anterior most position of the shoulder (in 
millimeters) was measured bilaterally and compared. A dependent t-test was used to test 
for significant differences in anterior shoulder position between the dominant and 
non-dominant extremity. 

Results 
One hundred thirty-three males and 173 females were included in this study with a mean 
age of 16.58 years. The mean difference between extremities indicates increased anterior 
shoulder positioning on the dominant shoulder of 7.65 mm in females, and 8.72 in males. 
Significantly greater (p<.001) anterior shoulder position measures were documented on 
the dominant shoulder as compared to the non-dominant shoulder. 

Conclusions 
The results of this study showed significantly (p<.001) greater anterior shoulder position 
on the dominant extremity of elite male and female tennis players. The differences of 
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7-8mm between extremities has clinical application for interpreting anterior shoulder 
position test results in this population. 

Level of Evidence 
3 

INTRODUCTION 

The unilaterally dominant muscular activation inherent in 
tennis groundstrokes and in the serve specifically target 
the internal rotators during the acceleration phase and may 
lead to asymmetrical scapular postures.1,2 Prior authors 
have shown bilateral asymmetries in glenohumeral joint 
rotational range of motion and shoulder postures, respec-
tively in elite level tennis players.3,4 Clinical assessment of 
the shoulder and scapular positioning for unilateral over-
head athletes often reveals asymmetry between the domi-
nant and non-dominant sides.5–12 It has been well estab-
lished that overhead athletes regularly have increased 
external rotation and corresponding decreases in internal 
rotation range of motion of the dominant shoulder com-
pared to their non-dominant shoulder.9,13 In addition, 
when both internal rotation and the total arc of rotation 
between shoulders is asymmetrical, it has been associated 
with an increased risk of injuries in overhead athletes.7,14 

Injuries to the shoulder in elite level tennis players can 
occur from repetitive overuse required for elite skill devel-
opment and competition. The repetitive demands of the 
game of tennis inherently produce selective strength de-
velopment of the internal rotators on the dominant shoul-
der without concomitant increases in posterior strength de-
velopment of the rotator cuff and scapular stabilizers.15–18 

Pectoralis minor length and associated tightness have been 
measured using differing techniques in several stud-
ies.6,19–24 These descriptive studies15–18 aid clinicians in 
the design of preventative treatment as well as in the reha-
bilitation of sports-specific injuries. 

Various methods to quantify scapular position asymme-
tries in athletes have been published,5–13,19,20,25–29 Kibler 
has highlighted the association between scapular dyskinesis 
and overuse injury in tennis players and in overhead ath-
letes in general.21,27,30–32 Kibler has developed a method 
for evaluating and classifying scapular pathology using vi-
sual observation during movement and static position-
ing.21,28 One of the challenges encountered by clinicians is 
the accurate identification of scapular dysfunction and gen-
eral scapulo-thoracic positioning in the clinical environ-
ment. Kibler developed and reported on the “Lateral Scapu-
lar Slide Test” using a tape measure to measure bilateral 
scapular positioning and established a criterion by which 
patients and athletes could be classified “at risk” by us-
ing a bilateral difference of 1 to 1.5 cm as a baseline cri-
terion measure.33 Further studies assessing the reliability 
of these measurement techniques have been conducted and 
report acceptable reliability metrics for clinical usage.22,34 

The double square method has been used to measure the 
distance (in millimeters) between the most anterior aspect 
of the acromion and a supportive surface.27 This measure-
ment provides a clinically applicable measure of the ante-
rior positioning of the shoulder and can be performed in ei-
ther supine or standing position. 

Shoulder posture has been objectively studied in athletes 
who participate in several overhead sports in order to help 
describe and understand posture among these athletes. 
Kleumper et al.27 analyzed whether a stretching program 
would effectively reduce the forward shoulder posture in 
competitive swimmers. The study utilized the double 
square method in a standing position in a population of 
competitive swimmers. The authors’ postulated that the 
repetitive propulsive training inherent in the concentric in-
ternal rotation dominant phases of the primary swimming 
mechanics used in training and competition led to adaptive 
changes producing an anterior shoulder posture in these 
elite athletes. A pilot study concluded that the double 
square method was highly reliable with an intraclass corre-
lation coefficient (ICC) of 0.99 and SEM of 0.1 mm. Follow-
ing a six-week anterior shoulder stretching program, there 
was a 9mm decrease bilaterally in forward shoulder posture. 

A clinical study by Borstad23 validated methods of mea-
suring pectoralis minor length using Vernier calipers as well 
as a tape measure. These two measurement techniques have 
been shown to have good intratester reliability with ICCs 
of 0.85 and 0.84, respectively. Lewis et al.20 utilized a rigid 
transparent right angle to measure the distance in millime-
ters between the table and the posterior aspect of the 
acromion to assess pectoralis minor length in subjects with 
and without shoulder symptoms. This method demon-
strated excellent intra-rater reliability with ICC ranging 
from 0.92 to 0.97. 

Despite the evidence presented on the asymmetries of 
the resting scapular posture for overhead athletes, little has 
been reported in regards to normative values for the asym-
metric anterior shoulder position, and no prior information 
reported in tennis players. The purpose of this study was 
to examine bilateral differences in anterior shoulder pos-
ture measured using a double square method in elite tennis 
players without shoulder injury. It was hypothesized that 
increased anterior shoulder positioning would be present 
on the dominant extremity in elite level tennis players due 
to the unilateral upper extremity demands inherent in the 
sport. This information will allow clinicians and sport sci-
entists to use this measure to identify abnormal scapular 
and shoulder positioning from potential normal sport spe-
cific adaptations using a readily available device and 
methodology. 

METHODS 

Three-hundred and six uninjured elite level tennis players 
(133 Males, 173 Females) between the ages of 10 and 24 
were recruited to participate in this study. The definition of 
elite for this study is: competitive junior players involved 
in year-round training and participating in regional and/or 
national level tournaments as well as NCAA collegiate ten-
nis players. Subjects signed an informed consent prior to 
measurement and participation in this research. The IRB of 
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Physiotherapy Associates reviewed and approved this study. 
All subjects were free from shoulder injury in the year prior 
to testing and had no prior surgical procedures performed 
to either shoulder in their medical history. Subjects with 
significant observable scoliotic curves were excluded from 
the study due to the unknown association of significant 
spinal scoliosis on scapular positioning using visual exam-
ination by the primary author, a physical therapist with 37 
years of clinical experience. 

PROCEDURES 

Subjects were positioned in a supine position on a plinth 
with a firm supportive surface. They were positioned with 
their knees bent 90 degrees and hips flexed 45 degrees. This 
position was meant to promote relaxation in the supine po-
sition. The upper extremities were positioned at the side of 
the subject with the forearms pronated such that the hands 
were resting comfortably on the supportive surface. Males 
were tested with their shirts removed, and females wore ei-
ther a sports bra or tank top such that the entire anterior 
surface of the shoulder was exposed. 

A double square (Model #420EM, Johnson Level and Tool 
Manufacturing, Inc, Mequon, Wisconsin) was used to mea-
sure the distance from the supportive surface to the anterior 
most aspect of the skin overlying the humeral head of the 
shoulder. No overpressure was used and the force of gravity 
was used to consistently rest the upper arm of the double 
square against the anterior shoulder. The double square has 
levels on each end to ensure that the perpendicular dis-
tance from the supportive surface to the anterior most as-
pect of the shoulder is measured bilaterally. The examiner 
slid one double square up or down to accurately position 
the square against the anterior most aspect of the shoulder 
and recorded the distance on the 30 cm ruler to the nearest 
millimeter. This number was entered on the data collection 
sheet along with tennis specific demographic data on each 
subject (including years of competitive tennis play, use of a 
one-handed or two-handed backhand). One trial was used 
bilaterally with a random determination of first measured 
extremity. The dominant shoulder was operationally de-
fined as the shoulder the player served with and used during 
their forehand groundstroke. Figure 1 shows the experi-
mental set-up with subject positioning and use of the dou-
ble square for measurement of anterior shoulder position. 

DATA ANALYSIS 

SPSS (version 23.0) was used to generate descriptive data as 
well as compare means from the dominant and non-domi-
nant extremity of the elite tennis players measured in this 
study. A dependent t-test was used to test for differences 
between the dominant and non-dominant extremity. Sig-
nificance was set at the p< 0.05 level. 

RESULTS 

Three hundred and six elite junior tennis players (mean 
age 16.58 years) were measured in this study. Subject de-
mographics are presented in Table 1. Players had 6.99 to 
7.82 mean years of competitive tennis experience and nearly 

Figure 1. Supine Anterior Shoulder Position 
Measurement Technique 

all (88-99%) used a two-handed backhand groundstroke. 
For males, the mean anterior most aspect of the dominant 
shoulder was positioned 125.1 ± 17.87 mm from the table 
with the non-dominant arm positioned 116.38 ± 17.11mm. 
For females the mean positioning was 121.95 ± 12.42mm for 
the dominant arm and 114.30 ± 12.34 for the non-dominant 
arm. The mean difference in anterior shoulder position-
ing between extremities was 7.65 mm for females, and 8.72 
for males, indicating greater anterior shoulder positioning 
on the dominant shoulder. Significantly greater (p< 0.001) 
anterior shoulder position measures were documented on 
the dominant shoulder as compared to the non-dominant 
shoulder (Table 2). 

DISCUSSION 

In the modern game of tennis, a great majority of tennis 
strokes include the serve and forehand.35 Both of these 
strokes are characterized by strong concentric muscular 
contractions during the acceleration phase by the pectoralis 
major during internal rotation of the shoulder. Muscu-
loskeletal profiling studies of elite tennis players have iden-
tified significantly greater internal rotation strength devel-
opment on the dominant arm likely as a result of this 
repetitive concentric internal rotation.15–18 

The results of the present study show significantly 
greater anterior shoulder position on the dominant arm 
compared to the non-dominant arm using this simple, clin-
ically applicable technique with a double square. Reeser et 
al.36 used a standard carpenter’s level placed across the 
shoulders in the supine position in elite level volleyball 
players and reported that 63% of the players in their sample 
had anterior shoulder positioning which they attributed to 
pectoral tightness/shortening. Additionally, in a previous 
investigation, players with pectoral tightness identified us-
ing this supine carpenter level technique had a significant 
association with shoulder pain.36 In the current sample of 
athletes, 64% of males and females had greater than 5 mm 
of increased anterior shoulder position with a mean domi-
nant / non-dominant difference of 7-8 mm. 
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Table 1. Participant demographics a 

Female Male 

Age (years) 17.08 + 3.45 15.83 + 3.77 

Height (in) 66.22 + 3.86 67.99 + 5.51 

Weight (kg) 60.09 + 10.53 61.61 + 16.81 

Years of Competitive Tennis Play 7.92 + 3.89 6.99 + 4.23 

# of Tournaments/Year 14.78 + 8.14 17.05 + 6.50 

2-handed Backhand (%) 99.4 88.5 

a Data presented as mean ± SD unless otherwise indicated 

Table 2. Anterior shoulder measurement a 

Female Male 

Dominant Non-
Dominant 

t p-
value 

Dominant Non-
Dominant 

t p-
value 

Anterior 
Shoulder 
Position 

121.95 + 
12.42 

114.30 + 
12.34 

15.47b .001 125.1 + 
17.87 

116.38 + 
17.11 

13.94b .001 

aData presented as mean ± SD (mm) unless otherwise indicated 
bIndicates significant association, p ≤ 0.05 

Kluemper et al.27 did not report bilateral difference data 
in their study using the double square method in elite level 
swimmers, but used this technique to show improvements 
(decreases) in anterior shoulder position with the use of two 
stretches and multiple elastic resistance exercises for the 
posterior rotator cuff and scapular musculature. Peterson et 
al.37 tested the reliability of the double square technique 
alongside three other measurement techniques to quantify 
shoulder and scapular positioning. Similar to Kluemper et 
al.,27 Peterson et al.37 found this technique had high levels 
of intratester reliability (ICC=0.89). 

The use of the double square technique in this investi-
gation to measure anterior shoulder position has significant 
clinical application. Due to the role scapular dysfunction 
plays in the overhead athlete, this test can accompany other 
scapular evaluation techniques to objectively identify the 
anterior shoulder position caused by tightness of the pec-
toralis musculature or other factors.5 The descriptive data 
presented in this study may help to identify thresholds for 
intervention whereby anterior shoulder position differences 
between dominant and non-dominant side may be greater 
than the apparent musculoskeletal side to side adaptations 
reported in this descriptive investigation. The results of this 
study indicate that increases in dominant arm anterior 
shoulder positioning by more than 7-8 mm compared to 
the contralateral side in elite tennis players could indicate 
a need for the utilization of interventions to address pec-
toralis muscle tightness/shortening specifically. This test 
can provide objective measurements whereby prescription 
of specific stretches to address pectoral muscle tightness 
may be considered and changes in side-to-side anterior 
shoulder positioning could be monitored. 

To address pectoralis tightness in the shoulder with an 
increase in anterior shoulder position several studies pro-
vide objective guidance.38–40 Borstad et al.38 compared the 

efficacy of a unilateral self-stretch, a manual sitting stretch 
and a manual supine stretch of pectoralis minor. They 
found that the most effective stretch of the three to be 
the self-stretch. The unilateral self-stretch was described 
as stabilizing the subject’s forearm in a vertical plane and 
then rotating the trunk in an opposite position. However, 
when performed as part of a six-week home stretching pro-
gram, there was no increase in pectoralis minor length in 
both healthy and symptomatic subjects.1 Conversely, pec-
toralis minor stretching done in conjunction with a shoul-
der strengthening routine have led to improvements in pos-
terior scapular tilting and forward shoulder position.21,41 

Care must be taken when selecting stretches for the pec-
toralis musculature to protect the anterior capsule in the 
overhead athlete.28 The supine foam roll stretch used by 
Kluemper et al.27 places the shoulders in a neutral rotated 
position with low levels of abduction while a partner or clin-
ician presses the shoulder girdle posteriorly. This technique 
does not compromise the anterior capsule through the ex-
cessive use of horizontal abduction and external rotation 
positions inherent in other pectoralis muscle stretches.38 

Research studies demonstrating the efficacy of pectoralis 
stretches as well as anatomic and biomechanical analysis 
of the glenohumeral joint position used during stretching 
of the pectoralis musculature ultimately should guide the 
clinician in the optimal selection to address anterior shoul-
der tightness in the overhead athlete. 

Limitations in the present study include the use of only 
uninjured elite level tennis players in the current sample. 
This does not allow the present study to identify a critical 
dominant / nondominant side to side difference where 
symptoms or pathology may be present. Additional studies 
including population specific injured athletes could provide 
insight into identifying this critical level. The physical ther-
apist performing all measurements was not blinded to arm 
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dominance of the subjects being tested in this study. Fur-
ther study comparing pre-post stretching regimens in play-
ers with symptoms and excessive anterior shoulder position 
profiles should be conducted to provide additional insight 
into the optimal evaluation and subsequent management of 
anterior shoulder position. 

CONCLUSION 

The results of this study showed significantly (p< 0.001) 
greater anterior shoulder position on the dominant extrem-
ity of elite male and female tennis players. The use of elite 
level uninjured tennis players and the identification of 
mean differences of 7-8mm between extremities has clinical 
application for the interpretation of anterior shoulder posi-

tion test results in this population. The characteristic ante-
rior shoulder muscle activation required in high level tennis 
play may produce anatomic musculoskeletal adaptations 
such as an increase in anterior shoulder position which can 
be measured and monitored using the double square tech-
nique in a supine position. 
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