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Prevalence of Glenohumeral Internal Rotation
Deficit and its Association with Scapular
Dyskinesia and Rotator Cuff Strength Ratio in

Collegiate Athletes Playing Overhead Sports

ABSTRACT

Introduction: Glenohumeral Internal Rotation Deficit (GIRD)
indicates a 15° or greater loss of internal rotation of the throwing
shoulder compared with the non-dominant shoulder.

Aim: To estimate the prevalence of GIRD in collegiate overhead
sports player and determine whether GIRD is associated with
scapular dyskinesia and rotator cuff strength ratio.

Materials and Methods: The present study was a Cross-
sectional study. A total of 127 collegiate athletes were assessed
for passive range of motion, external to internal rotation strength
ratio (ER/IR ratio) and scapular dyskinesia for the throwing
and non-throwing shoulder. Internal and external rotation of
shoulder was measured using an inclinometer with the subject
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in prone and arm abducted to 90°. Scapular dyskinesia was
measured using Lateral Scapula Slide test (LSST) and external
to internal rotator strength was measured using a held hand
isometric dynamometer. Chi-square test was used to find the
association between GIRD and scapular dyskinesia and rotator
cuff strength ratio.

Results: Prevalence of GIRD (n=37) was found to be 29.1%.
GIRD was not found to be associated with Scapular dyskinesia
(p=0.237) and ER/IR strength ratio (p=0.411).

Conclusion: Prevalence of GIRD in collegiate athletes playing
overhead sports was found to be 29.1% and there was no
association of GIRD with scapular dyskinesia, rotator cuff
strength ratio.
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INTRODUCTION

The nature of sports which collegiate athletes play is similar to elite
athletes, however, they differ in terms of the amount of participation,
practice, and training. This difference can play a significant role in
the difference of injury profile of these two groups [1,2]. Overhead
sporting activities entails the synchronisation of large forces from
lower to upper extremitie generating velocities required for throwing
activities [3]. The repetitive throwing action causes large mechanical
stress on the glenohumeral and elbow joints of the athletes due to
the torque and distraction involved [3]. These continuous stresses
have been assumed to cause chronic degenerative changes in
athletes [2]. There has been increased incidence of shoulder injuries
among collegiate non-professional athletes involved in overhead
throwing activities. GIRD is one such common condition seen in
overhead throwing athletes, causing decrease in internal rotation
of the throwing shoulder as compared to contralateral shoulder [4].
GIRD has also been suggested to cause many scapulars as well
as shoulder complex variations, predisposing the young athletic
shoulder for more injuries [4].

Scapular dyskinesia is defined as a visible alteration in motion and
position of scapula with respect to the thoracic cage [5]. There
have been studies suggesting these alterations such as protraction,
anterior tilting and decreased upward rotation in the baseball players
which can lead to abnormal functioning of the shoulder complex [6].
Even though the scapular dyskinesia pattern has been labelled in
association with GIRD in elite athletes, the nature of its association
has not been clarified in the non-professional collegiate athletes [6].
Collegiate athletes as compared to the elite population are exposed
to different levels of stress on the shoulder joint and thus might differ
in the incidence, type, and magnitude of injury warranting the need
to identify if those factors identified in elite players are prevalent in
collegiate players also [7].
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Electromyography (EMG) analysis has shown that adequate rotator
cuff muscle group strength is required during throwing as they
produce eccentric activity, especially for shoulder external rotators
during follow through phase of throwing [8]. Therefore, athletes
should have adequate internal and external shoulder rotator muscle
strength [8]. The studies have suggested that rotator cuff strength
is associated with glenohumeral joint adaptations and protection
[9]. Such adaptations and protective mechanism have been seen in
athletes with GIRD [9].

There is a dearth of the literature regarding the prevalence of GIRD
and how it affects Scapular dyskinesia and rotator cuff strength ratio
in collegiate overhead athletes. Thus, the present study aimed to
find out the prevalence of GIRD and its association with scapular
dyskinesia and rotator cuff strength ratio.

MATERIALS AND METHODS

In the present cross-sectional study design, conducted for a total of
two years from July 2015 to July 2017 at the Manipal Academy of
Higher Education, a total of 289 collegiate recreational athletes aged
between 17 to 30 years of either gender were screened. Subjects
involved in overhead throwing activities for a minimum of at least
24 weeks a year were included in the study. A total of 289 subjects
were screened, recruitment flowchart has been shown in [Table/
Fig-1]. Out of total subjects screened 127 subjects (males n=110
and female=17) were included in the study as based on exclusion
and inclusion criteria. Participants were excluded if they had a prior
history of orthopaedic surgery or fractures in the upper limbs and/
or cervical region as well as systemic diseases and/or metabolic
disorders. Sample size was calculated using formula N=(Z-o/2)2p.q/
(p.d)2, level of significance (o) was kept at 5%, p was based on
prevalence of GIRD, 'g=1-p' and 'd"' is margin of error: 0.2. Study
approval was sought from Institutional Ethics Committee of the
university (IEC 102/2016). Subject information sheet was given to
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the participants and informed consent was taken. Demographics
of the subject were recorded and shoulder girdle musculoskeletal
evaluation which included scapular internal and external range
of motion, shoulder internal and external rotation strength ratio,
forward head posture analysis, scapular position, scapula-thoracic
ration and scapular upward rotation was done.

289 subjects were
screened

Reason for exclusion

+ 21 did not give consent

+ 28did not turn up to the
study setting for recruitment

+ 113 did not fall in the
inclusion criteria

s 87 played less than 24 weeks
per year

¢ 24 had pain due to which
they were currently unable to
play

* 1 had a Bankart’s repair done

* 1 had old operated clavicle
fracture

[Table/Fig-1]: Flow chart for recruitment of subjects.

Shoulder Internal and External Rotation Measurement
Shoulder internal and external rotation was measured using
standard procedures with OTRMAX Circular Aluminum Case
gravitational inclinometer [10]. For measurement of shoulder
internal rotation, the elbow was at 90° in flexion with forearm fully
pronated. Elbow should be in the patient's side for maintaining
shoulder in neutral. Inclinometer was placed along the shaft of the
radius, perpendicular to the movement plane [10]. For shoulder
external rotation, the elbow was kept at 90° flexion, forearm
fully pronated and inclinometer was placed perpendicular to the
movement along the shaft of ulna [10].

127 subjects ware
recruited

Lateral Scapular Slide Test (LSST)

LSST was done to measure scapular dyskinesia [11]. In LSST
measurements are taken from the spine of scapulae to T2/
T3, Inferior angle of scapulae to T7/T9 and superior angle of
the scapulae to T2 [11]. The measurements are taken in three
positions, (A) sitting/standing with arms resting on the side, (B)
Hands on the waist, Thumbs Posteriorly (45 abductions), (C) 90°
abduction and maximal internal rotation [11]. The measurement
should not vary more than 1 to 1.5 cm, more the 1.5 cm difference
significant. LSST has ICC of 0.83 to 0.96, which means, it can
provide more objective measurement of scapular position than
observation [11].

Rotator Cuff Strength

Rotator cuff strength was assessed by standard procedures using
Chatillon MSE100 hand-held dynamometer [12]. The subject was
in sitting position and with arm supported at 90° of abduction and
neutral rotation. The subject performed glenohumeral external and
internal rotation against the hand-held dynamometer [12]. Readings
were compared with the normative values.

STATISTICAL ANALYSIS

Data were analysed using SPSS version 15.0. Tests for normality
were done using chi-square test. Normally distributed data
were represented as mean and standard deviation. The level of
significance was kept at p<0.05. Chi-square test was used to
find the association between GIRD, scapular dyskinesia, ER/IR
strength ratio, forward head and forward shoulder posture and
past injury.
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RESULTS

The demographic data of the subjects are shown in [Table/Fig-2].
Mean age (years) of the subjects was 21.75+2.65. There were n=110
(86.61%) male subjects and n=17 (13.38%) females. Number of days
per year subjects played overhead sports were 246.66+32.76. The
prevalence of GIRD among collegiate overhead athletes was found
to be 29.1%. Out of total participants, 37 athletes had GIRD. There
was no clinical significance shown between GIRD and scapular
dyskinesia (p=0.237), GIRD and rotator cuff strength (p=0.411)
as shown in [Table/Fig-3], chi-square test was used for statistical
analysis. the association between GIRD and ER/IR strength ratio
and past injury using chi-square test are shown in [Table/Fig-4].
The percentage of recreational athletes playing various sports are
shown in [Table/Fig-5].

Demographic data expressed as (Mean+SD) (n=127)

Age in years 21.75+2.65
Males 110
Females 17

No. of days played per year 246.66+32.76

Past injury 49 (38.58%)
[Table/Fig-2]: Demographics of the participants.

Variable p-value
GIRD and scapular dyskinesia 0.237
GIRD and ER/IR strength ratio 0.411

[Table/Fig-3]: Association between GIRD, scapular dyskinesia, ER/IR strength ratio

using chi-square test.

Variable Mean p-value
GIRD and scapular dyskinesia 1.409 0.237
GIRD and ER/IR strength ratio 0.677 0.411
GIRD and past injury 5.274 0.022
GIRD and FSP* 2.129 0.211
GIRD and FHP# 1.929 0.587
ER/IR strength ratio and past injury 3.457 0.046

[Table/Fig-4]: Association between GIRD and ER/IR strength ratio and past injury

using chi-square test.
*forward shoulder posture, *forward head posture

Sports played Percentage of people playing
Cricket 60 (47.2%)
Baseball 1(0.8%)
Basketball 34 (26.8%)
Throw ball 8 (6.3%)
Volleyball 15 (11.8%)
Badminton 59 (48.5%)
Lawn tennis 8 (6.3%)
Squash 2 (1.6%)
DISCUSSION

The study focused on determining the prevalence of GIRD and its
association with scapular dyskinesia, External And Internal Rotators
(ER/IR) strength ratio, forward shoulder and forward head posture
and scapula upward rotation in collegiate athletes playing overhead
sports. This study showed that no association exists between
GIRD, scapular dyskinesia, ER/IR strength ratio in collegiate athletes
playing overhead sports.

The presence of GIRD did not show a significant association with
the presence of decreased ER/IR strength ratio these findings
differ to a study done on elite and adolescent baseball players
[13,14]. These studies measured the eccentric ER to concentric
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IR strength ratios, present study, on the other hand, evaluated the
isometric ER to isometric IR strength ratio giving rise to a different
result. Studies have also found that there can be acute changes in
the shoulder rotation range and ER/IR strength ratios even after a
single sports session, thus these results could have been affected
by the time interval between the last game and testing [13,14].
Most of the studies have shown association between strength and
GIRD however the studies have evaluated strength profile in elite
athletes. This present study population was recreational athletes.
These studies have evaluated isokinetic strength, isometric
strength and some studies have done strength evaluation after a
warm-up session. However, warm-up session was not included
in the present study, therefore most of the studies have different
result from this study [14].

There is an increased load on the rotator cuff muscles during the
act of throwing. Internal rotators need to contract concentrically to
propel the throwing or hitting arm forward while External rotators
are subjected to high eccentric loads in order to counteract the
force of internal rotators and to stabilise the humeral head in
the glenoid [13,14]. Due to repeated trauma and eccentric load,
external rotators are prone to get injured and weaker [15,16].
Therefore a balance between external to internal rotator strength
is necessary. When there is an imbalance between these muscle
group that is weaker external rotators and stronger internal
rotators the throwing athlete is more prone to injuries [15,17,18].
The result of present study has been similar to that in the literature,
demonstrating a significant association between decreased ER/IR
strength ratio and presence of injury in collegiate athletes involved
in overhead sports [19].

The results of the study pertaining to the association of GIRD
with scapular dyskinesia and ER/IR strength ratio have not been
consistent with other studies where they found an association
with GIRD, this might be because of the subject’s characteristics
[20]. Subjects in most of the studies were elite throwing athletes
who differ in the number of levels of training, participation and
practice [21-23]. Other than that the acute response of the shoulder
musculature, range of motion differences could be possible reasons
for the variation in the findings [21].

The findings of the study are different from the study done by Borich
MR et al., they found a significant relationship between scapular
positioning and GIRD [24]. This can be because the population
involved in the study were elite athletes, whose frequency of
participating in the sports was much higher than present study
population, therefore, the number of overuse injuries will be much
higher [25].

The group of participants included in the study were homogeneous
with respect to demographic characteristic except for the unequal
number of male and female athletes (110:17). 38.58% of athletes
had a history of past injury which resulted in loss of playing days.

The primary objective was to find the prevalence of GIRD and
its association with scapular dyskinesia and rotator cuff strength
ratio in collegiate athletes. The prevalence of GIRD (29.1%)
found in the present study is consistent with those found in the
elite athletes playing overhead sports [26,27]. The presence of
scapular dyskinesia was found to be 33%, however, there was
no association between GIRD and scapular dyskinesia, which
differ from the findings in the literature [17,28]. Various other soft
tissue mechanisms such as tightness of pectoralis major and
biceps other than GIRD or posterior capsule tightness can result
in scapular dyskinesia [29].

LIMITATION

The results of the study provided information regarding the
prevalence of Glenohumeral Internal Rotation Deficit and its
association with Scapular Dyskinesia and Rotator Cuff strength
ratio in collegiate athletes playing overhead sports, limitation
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must be acknowledged. The cross-sectional evaluation of the
players was done. It would be beneficial to evaluate players in a
longitudinal study, and however, it is difficult due to their academic
paths and geographical mobility.

CONCLUSION

Prevalence of Glenohumeral Internal Rotation Deficit in collegiate
athletes playing overhead sports was found to be 29.1% and there
was no association of GIRD with scapular dyskinesia, rotator cuff
strength ratio.
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