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Abstract

The supraspinatus is the most commonly damaged structure
in rotator cuff muscles in overhead sports. Supraspinatus injuries
affect its strength causing atrophy and reduce shoulder functionality.
Ultrasonography imaging (US) provides information on the
supraspinatus morphological features, such as muscle thickness
(MT). The ability to perform assessment of supraspinatus MT on
dominant and non dominant shoulders on tennis players -as overhead
athletes- has not been studied and may be of value in assessment and
treatment. The purpose of this cross sectional study was to evaluate
the differences in the supraspinatus MT between the dominant and
non-dominant shoulder on tennis players using brightness-mode US.

US images from the supraspinatus MT were recorded in 20
young asymptomatic adult tennis players playing competition level
tennis. Standardized methods in the literature were used to gather US
measures on both shoulders. Mean differences were examined using
t-test for paired samples.

The supraspinatus MT of the dominant shoulder was 2.11+0.53cm
and that of the non-dominant 1.38+0.30cm. Significant statistical
differences were observed on the dominant shoulder compared with
the non-dominant one (t=5.070, [2-tailed] p<0.05).

The current findings indicate that supraspinatus MT differences
using US could provide quantitative measures in tennis players’
dominant and non-dominant shoulders.

So, US evaluation may be considered as an outcome measure for
assessing supraspinatus atrophy or hypertrophy in rehabilitation and
training regimes.
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Abbreviations

US=ultrasonography, MT= muscle thickness, b-mode=
brightness mode, CSA= cross sectional area, MRI= magnetic

resonance imaging
Introduction

The supraspinatus, as one of the most important rotator cuff
muscles, has been shown to be a substantial dynamic stabilizer
of the glenohumeral joint in multiple shoulder positions and
activities [1-3]. Supraspinatus muscle injuries are frequently
related to overloading or repeated movements in many overhead
sports activities such as tennis, squash, volleyball, pitchers [3-5].
[tis believed that tennis is one of the overhead sports that expose
the dominant shoulder to different kinds of injuries with several
symptoms, such as supraspinatus muscle degeneration, tendon
tear and calcification [6-8]. Asymptomatic non-elite junior
tennis players reported 15% of minor shoulder abnormalities on
dominantshoulder [6,9]. Inveterans tennis players supraspinatus
injuries have been observed on the dominant shoulder and were
found to be related to ageing [10,11]. In wheelchair tennis players
supraspinatus degeneration has mainly been identified as a high
risk factor for further injuries on the dominant shoulder [12].
Supraspinatus muscle and tendon quality is thought to predict
the biomechanical strength of the rotator cuff repair and appears
to have a major role in determining clinical outcomes [13].

Supraspinatus muscle strength strongly depends on the
morphologic properties of the muscle [14,15]. One factor that
influences the muscle morphological components is the muscle
thickness (MT) [16,17]. In the literature, few studies have been
investigated that the MT is highly related with the cross sectional
area (CSA), which is often measured to evaluate muscle atrophy
or exercise induced hypertophy after injury and rehabilitation
specific regimes [16-18].

The gold standard for measuring the morphological features
of supraspinatus is magnetic resonance imaging (MRI) [19].
However, ultrasonography (US) is much less expensive, more
readily available and it has been reported to have a good intra
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and inter-tester reliability (greater than 0.80) in evaluating the
supraspinatus CSA and MT [16,19,20]. Tae et al. [20] measured
the supraspinatus MT in hemiplegics’ patient shoulders by MRI
and US and found that US would be helpful in evaluating the
strength of the affected upper extremity differences. Temes et al.
[17] determined the validity and reliability of measures obtained
by US for assessing supraspinatus MT at rest and contracted- in
abduction- conditions. Their findings suggest that US may provide
an appropriate quantitative measure for changes in the MT of
supraspinatus for determining improvements or deterioration in
muscle function.

Thus, it is reasonable to assume that US could well be used as
an outcome measure for supraspinatus MT changes in physical
therapy treatment and functional rehabilitation decisions in
overhead athletes for dominant versus non-dominant shoulder
comparisons. However, it is important to acknowledge that no
studies have been conducted to support this bilateral comparison
(between dominant and non-dominant shoulders) of the
supraspinatus MT among tennis players as overhead athletes.

Given the above, the purpose of this current study was to
determine the differences of the supraspinatus MT between
the dominant and non-dominant shoulders on tennis players
using brightness-mode (b-mode) US. We hypothesized that the
assessment of the supraspinatus MT will provide detectible
differences on the dominant versus non-dominant shoulder
using US on asymptomatic tennis players. The evaluation of
the supraspinatus MT using US could consider as an outcome
measure easily monitoring the supraspinatus muscle function.

Methods
Participants

Twenty tennis players playing competition level tennis, (12
males and 8 females) were recruited in this study (age: 23.5 #4.1
years, height: 169.6 +10.4cm and weight: 64.7 £10.4 kg). In order
to be considered eligible to participate in this study, they had to
be involved in tennis for more than five years, at a rate of three
times per week, with a minimum playing time of one and half
hours and they were in regular training season. Exclusion criteria
were prior or current history of shoulder injury or pathology and
presence of any medical condition of the glenohumeral joint such
as infection or systematic disease and trauma. General exclusion
criteria according to US scanning were pregnancy, breast feeding
and metal parts in the scan area. Subjects were recruited from
the sports center of TEI of Athens (TEI-A). The participants who
met the inclusion criteria signed an informed consent form which
was approved by the local educational institution (TEI-A) ethics
committee.

Procedure

A licensed othropaedic doctor performed a screening of
upper extremities to rule out musculoskeletal or other medical
problems and identified upper limb dominance.

Corresponding to the side used for playing tennis, 14 of the
subjects were right upper extremity dominant and 6 were left
upper extremity dominant. All measurements started randomly
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either from the dominant side or the non-dominant one and
both shoulders were evaluated at the same position by the same
examiner on the same session. Participants were told not to be
engaged in any training activities for at least 24 hours prior to the
measures in order to avoid any metabolic responses occurring in
supraspinatus muscle.

Examiner

An experienced physiotherapist- the examiner- on the
musculoskeletal shoulder region conducted the measurement
procedure. The examiner underwent at least 20 hours of US
training on the shoulder region prior to this study.

Experimental design

All images were acquired with US machine (My Lab60,
Esaote, Genova, Italy) and 10 cm, linear probe used in b-mode at
7.5-10MHz.

Participants were seated in a normal dimensions’ chair by
extending with their shoulders in a neutral position and their
elbows in full extension hanging by the side of the body. Image
acquisition was performed 3 times on each shoulder and the
mean of these was taken for statistical analysis.

In this study, the assessing methods for supraspinatus MT
were based on previous standardized protocols (as mentioned
below) [20,21].

To standardize the positioning of the US probe, external
bone landmarks were used. The procedure started by firstly
measuring the anatomical CSA in order to be used a standardized
protocol [21] for the assessment of the supraspinatus muscle
fascial borders, and secondly the MT.

Firstly, the CSA was measured in the following order
(Figure 1). 1. Palpation of the outer and inner edges of the
spine of scapular (SS) and drawing a line on the surface along
it. 2. Demarcation of the anatomical landmark of the coracoid

Figure 1: Placement of the US probe for the assessment of the supraspi-
natus muscle anatomical CSA according to the methodological protocol
of Papatzika et al. 2015 and Tae et al. 2012. The probe was placed paral-
lel to CS line and perpendicular to d line to capture the supraspinatus
muscle CSA.

C: coracoid process, SS: scapular spine line, CS: line from the coracoid to
outer edge of SS, d: parallel line to SS
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process (C) and drawing a line which connected the anatomical
landmarks from the coracoid to the outer edge of SS (CS). 3. The
probe located parallel to the line CS and the fascial borders of
supraspinatus muscle and the scapular notch (SN) was visualized
on US monitor and at this point was marked the lateral side of the
probe. 4. The distance from the middle landmark of the line CS to
the lateral side of probe calculated and drew a parallel line (d) to
SS. The probe was placed parallel to CS line and perpendicular
to d line to capture the supraspinatus muscle anatomical CSA in
each trial (Figure 1).

Secondly, the measurement of the supraspinatus MT based on
the supraspinatus anatomical CSA and was performed manually
using the Image ] software program by the same observer in
the following order. 1. The acoustic shadow of the clavicle
was considered as an anterior border of the supraspinatus
muscle drawing the vertical line (A). 2. The scapular spine was
considered as a posterior border drawing the vertical line (B) and
obtained the midpoint (C) of the distance AB. 3. The superior (D)
and inferior (E) most portions of the fascial borders of the muscle
considered as the supraspinatus landmarks (superior- inferior)
respectively. 4. The vertical distance (DE) from the midpoint (C)
corresponded with supraspinatus MT in this study (Figures 24,
2B). All measurements run smoothly without encountering any
problems with any subject.

Statistical analysis

Effect size along with inferential statistics was assessed
between dominant and non-dominant shoulders and based
on differences between means. The reliability of the protocol
measurements was determined using the interclass coefficients-
based on Pearson Product Moment correlation coefficient
(PPM) on 2 testing occasions whichever shoulder, on the first
and second day, and the day after the official measurements
were started. T test for paired samples was used to examine the
supraspinatus MT for bilateral differences between dominant
and non-dominant shoulders. The level of significance for all
statistical procedures was set less than 5% (p<0.05). The SPSS
16.0 statistical package was used to analyze the data.

Results

For t-tests the effect size based on differences between means
on dominant and non-dominant shoulders’ supraspinatus MT
using Cohen d and represented as large effect size.

The PPM showed a strong relationship (r= 0.94) between
supraspinatus MT scores.

The average supraspinatus MT mean (M), standard deviation
(SD) and the standard error of the mean (SEM) for the dominant
shoulder was M+SD=2.11+0.53cm, SEM= 0.11 and for the non-
dominant M+SD=1.38+0.30cm, SEM= 0.68.

The mean difference between the MT on the dominant and
non-dominant shoulders was found to be 0.73cm, SD= +0.64
and the SEM=0.14. The observed t value was found to be 5.070
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Figure 2a: B- mode US image used for the identifiable area of the su-
praspinatus muscle.

Figure 2b: Methodological protocol (Tae etal. 2012) for the assessment
of the supraspinatus MT. DE dotted line considered as the supraspina-
tus MT in this study.

with an associated probability that approaches .000, this means
statistical significant difference (Significant, df=19, [2-tailed]
p<0.05) (Table 1).

Discussion

The objective of this study was to determine the supraspinatus
muscle thickness (MT) differences between the dominant and
non-dominant shoulders on tennis players using b-mode US. The
findings of this study provided significant statistical difference on
the supraspinatus MT of the dominant shoulder compared to the
non-dominant one (p<0.05), indicating that the supraspinatus
muscle on the dominant shoulder was thicker (0.73 cm). The
coefficient suggested that 94% of the observed score variance
was true score variance. That was, the measurements were
consistent across time. Also, the low SEM for supraspinatus MT
measurements suggested that US could be used in the evaluation
of muscle morphological characteristics.

This difference between the shoulders merely illustrates
a diversity pattern or an adaptation of supraspinatus muscle
changes on dominant hand in tennis athletes training regimes.
Altered patterns of MT have been demonstrated in limited
researches based on assessing supraspinatus MT at rest and
isometric contracted conditions [17] and on trunk muscles
MT of healthy individuals and low back pain patients [22]. The
above assumptions may be highly relevant with the assessment
or diagnosis of MT supraspinatus morphological alterations in
rest, active and pathological conditions. Thus, supraspinatus
MT evaluation with US could be considered as an appropriate
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Table 1. Paired samples test. Supraspinatus MT differences between
the dominant and the non-dominant shoulders.

Paired differences

Shoulder MT

Significant

M#SD (cm) SEM |95% CI

011 Lower |Upper

Dominant N=20 2.11+0.53

t=5.070
S (p<0.05)

Non-Dominant N=20

MT difference (domi-
nant & non-dominant)

1.38+0.30 0.68

0.42 1.02
0.73+0.64 0.14

MT=muscle thickness, M+SD= mean * standard deviation, SEM= stand-
ard error of the mean, CI= confidence interval, S=significant

quantitative measure for documenting changes in thickness and
possibly determining hypertrophy or atrophy to daily or sports
activities.

Few studies have been demonstrated that US measurements
of the supraspinatus MT are closely related with CSA, which has
been correlated with the ability of a muscle to produce force
[16,17,20]. On the other hand, there are not relevant studies
referred on supraspinatus MT changes that have been correlated
with muscle strength changes.

Many studies have reported that the supraspinatus is the most
commonly affected muscle in rotator cuff pathology on overhead
athletes dominant (~ 27%) shoulder versus non-dominant
one (~14%) one [5,6,9,23]. Clinicians traditionally evaluate
the imbalances in strength between the dominant versus non-
dominant, pre and after injured or operated shoulders conditions
[5,7,10,23,24]. If we use the US as supplementary examination
procedure in the clinical evaluation of the supraspinatus we could
have more complete quantitative and qualitative information
about the muscle condition.

According to the above, our results that MT of the suprasp-
inatus muscle was thicker on the dominant shoulder than the
non dominant one should indicate clinically relevant informa-
tion using US as an outcome measure. US offer the advantages
of providing a safe and easy-monitoring measurement of muscle
morphological changes in contributing to muscle function and
dysfunction conditions.

However, conclusions cannot not be generalised based solely
on the present study, as there are no other relevant studies
investigating supraspinatus MT on tennis players or other
overhead athletes.

Further research should clarify the contribution of the
supraspinatus MT changes in active conditions on professional
healthy athletes or having shoulder pathologies participating in
asymmetrical sports. And also, further research is required to
determine the relationship of supraspinatus MT and strength on
dominant versus non-dominant shoulder.

Such assessments would allow us to determine morphological
changes by US that could be attributable to rehabilitation regimes
and training settings.

Conclusion

The findings of this study provided significant statistical
differences on the supraspinatus MT dominant versus the non-
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dominant shoulder assessing by b-mode US. There are no relevant
studies investigating supraspinatus MT differences between the
dominant and non-dominant shoulders on overhead athletes; so
definite conclusions cannot be made. However, these findings
could have implications for clinical researchers using side to side
comparisons evaluating the supraspinatus MT changes using US
as an outcome measure.
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