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shifted the glenohumeral fulcrum, leading to throwing injuries 
[3, 4, 5, 6]. After Tyler et al [17]. reported a correlation between 
GIRD and posterior shoulder tightness, posterior capsular 
tightness was often regarded as a primary cause of GIRD and 
excessive GIRD is considered to be a risk factor causing throwing 
injuries [1,16]. GIRD was generally evaluated with the arm at 90° 
of abduction in the scapular plane. Angles of horizontal abduction 
or adduction which change during actual throwing motion could 
affect values of GIRD. Some authors have recommended that 
several clinical tests should be performed to identify a cause of 
GIRD (Nobuhara, 2003) [19]. The objective of this study was to 
determine effects of horizontal abduction or adduction on values 
of GIRD. 

Methods
We evaluated 214 male players of various ages ranging from 

9 to 37 years (mean age, 18 ± 6 years). This study was approved 
by our institutional review board. Written informed consent was 
obtained from all subjects before participating in the study.

The subjects consisted of four groups: group A, 28 elementary 
school boys (age, 9–12 years); group B, 57 junior high school 
boys (age, 13–15 years); group C, 71 high school boys (age, 16–18 
years); and group D, 58 adult players that included 43 amateur 
baseball players and 15 professional baseball players (age, 19–28 
years). The subjects were recruited from local competitive youth 
or school baseball teams. All adult players started to practice 
baseball less than ten years of age belonging to those competitive 
teams and were considered to have high skill levels. There were 
179 (84%) right hand dominant players and 35 (16%) left hand 
dominant players. Subjects were excluded if they reported 
having a shoulder injury within the past year or shoulder pain at 
the time of testing. 

Measurements were performed by three senior level physical 
therapists and subjects were randomly assigned to each examiner. 
Passive glenohumeral range of motion was assessed using a 
large goniometer. Angles of horizontal abduction, adduction, and 
internal and external rotation in the coronal and sagittal planes at 
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Introduction
Baseball players commonly exhibit more external rotation 

and less internal rotation at 90° of abduction in their throwing 
shoulders. The reason for the increase in external rotation and 
the decrease in internal rotation is believed to be an adaptation 
for achieving maximal arm position and creating maximum ball 
velocity. However, if the capsule was asymmetrically tight, it 
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90° of abduction were measured bilaterally. Measurements were 
recorded with each subject lying supine to stabilize the scapula. 
GIRD was calculated as the angular difference in internal rotation 
between the throwing and non-throwing sides. Subjects were 
divided into two groups based on whether GIRD in the coronal 
plane exceeded 20° (group I, subjects with < 20 degrees of GIRD 
and group II, subjects with ≥ 20° of GIRD). Angular values were 
then compared between the two groups.  

Statistical analysis
All data are expressed as mean and standard deviation and 

all statistical analyses were performed using Excell Statistics 
(SSRI Co., Tokyo, Japan). Side to side difference in each group 
was evaluated using the paired t-test, with P < 0.01 considered 
statistically significant.

Results
Angles of external rotation in the coronal plane were 114 ± 

15° on the throwing sides and 109 ± 11° on the non-throwing 
sides. Angles of external rotation in the sagittal plane were 108 
± 13° on the throwing sides and 105 ± 11° on the non-throwing 
sides. Angles of internal rotation in the coronal plane were 44 
± 12° on the throwing sides and 54 ± 11° on the non-throwing 
sides. Angles of internal rotation in the sagittal plane were 35 
± 14° on the throwing sides and 45 ± 14° on the non-throwing 
sides. GIRD in the coronal plane showed no difference from that 
in the sagittal plane in each different age group (Table 1). 

Subjects were divided into groups I and II based on whether 
GIRD exceeded 20°. In group II with ≥ 20 degrees of GIRD in the 
coronal plane, GIRD decreased when the arm was adducted in 
the sagittal plane and there was a statistical difference between 
the values in the coronal and sagittal planes (11°, paired t tests; 
P<0.0001) (Table 2). 

Angles of horizontal abduction were 32 ± 26° posterior to 
the coronal plane on the throwing sides and 32 ± 28° on the non-
throwing sides. Angles of horizontal adduction were 134 ± 28° 
anterior to the coronal plane on the throwing sides and 136 ± 28° 
on the non-throwing sides. Angles of adduction on the throwing 
sides were smaller than those on the non-throwing sides and this 
tendency was apparent in players > 15 years of age (3°, paired t 
tests; P=0.003) (Table 3). 

In both the groups of I and II, the angles of horizontal 
adduction on the throwing sides were smaller than those on the 
non-throwing sides (I: 2°, II: 3°, paired t tests; P=0.004, 0.001) 
(Table 4). Even though there were statistical differences in the 
angles of adduction between the sides, 2° or 3° might be of little 
clinical significance.

Discussion
Throwing athletes repeatedly demonstrate significantly 

increased glenohumeral external rotation and significantly 
decreased glenohumeral internal rotation in the throwing arm. 
The increase in external rotation is thought to be advantageous 
for achieving maximal arm position and creating maximum ball 

Table 1: Values of GIRD in the coronal and the sagittal planes among 4 
groups.

Group (N)
GIRD

in the coronal 
plane

GIRD
in the sagittal 

plane
P value

A (28) 6±12 8±16 0.59

B (57) 10±13 9±11 0.50

C (71) 12±12 9±16 0.15

D (58) 10±12 14±12 0.06

Table 2: Values of GIRD in the coronal and the sagittal planes among 2 
groups

Group (N)
GIRD

in the coronal 
plane

GIRD
in the sagittal 

plane
P value

I (158) 5± 9 8±13 0.014

II ( 56) 26± 6 15±16 <0.0001

Table 3: Values of horizontal abduction and adduction among 4 groups

Group (N)
ABD ADD

r l P value r l P value
A (28) 27±11 28±11 0.58 141±11 145±10 0.01
B (57) 27±9 27±9 0.62 141±11 143±10 0.05
C (71) 27±9 26±9 0.28 139±10 142±8 0.003
D (58) 24±11 24±8 0.82 139±10 142±7 0.003

Table 4: Values of horizontal abduction and adduction among 2 groups.

Group (N)

ABD ADD

r l P value r l P value

I(158) 30±21 30±23 0.48 136±24 138±23 0.004
II(56) 38a±37 37±39 0.70 128±37 131±38 0.0012

velocity and this shift in motion results in GIRD [1, 18]. Thus, the 
reason for this shift in rotation in throwing athletes is believed to 
be an adaptation.

Humeral retrotorsion has been considered to be an important 
factor as a cause of GIRD. [2, 7, 12, 13, 20, 7] showed that the 
timing of retrotorsion and GIRD coincided, suggesting that 
increased GIRD is caused by an increase in humeral retrotorsion 
between the limbs. Other authors also showed GIRD increases 
significantly between 13 and 14 years of age [10, 11]. As far 
as average values were concerned, data from our different age 
groups were similar to those previous studies. We did not evaluate 
humeral retrotorsion because of difficulties in consistently 
evaluating humeral retrotorsion using computed tomography or 
ultrasound and could not determine whether GIRD was caused 
by humeral retrotorsion. However, if humeral retrotorsion were 
the only cause, values of GIRD evaluated in several planes might 
be consistent. When subjects were divided into two groups based 
on whether GIRD in the coronal plane exceeded 20°, 26% of 
subjects showed more than 20° of GIRD. The values of GIRD were 
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different between in the coronal and sagittal planes, indicating 
asymmetric tension in their joints existed. This could become an 
important factor influencing injury risk in the arm.

Increased thickness of the posterior capsule in throwing 
athletes is seen frequently during arthroscopy and with ultrasound 
scans [1, 14, 15, 21]. This thickening of the posterior capsule 
is believed to occur from repetitive micro trauma sustained 
during the deceleration phase. Harryman et al [6] showed that 
tightness in the posterior capsule results in anterosuperior 
migration of the humeral head on the glenoid. Other authors 
have also suggested that posterior capsular contracture shifts 
the glenohumeral fulcrum, leading to throwing injuries [4, 5, 8]. 
After Tyler showed a close relation between GIRD and limitation 
of shoulder cross body adduction, it was often believed that GIRD 
resulted primarily from posterior capsular tightness [1, 11].

Subjects with ≥ 20° of GIRD showed a smaller magnitude 
of GIRD in the sagittal plane compared with that in the coronal 
plane. If GIRD resulted primarily from thickening of the posterior 
capsule, the magnitude of GIRD in the sagittal plane would be 
larger than that in the coronal plane because the posterior capsule 
was tighter when the arm was adducted in the sagittal plane. To 
explain the discrepancy between the values in the two planes, it 
is reasonable to consider that anterior rather than posterior side 
of their joints was affected. 

There were several limitations in this study. Only ranges 
of motion of healthy players were evaluated in this study and 
severe cases with posterior capsule tightness may not have 
been included; therefore, our results cannot be compatible with 
an injured population. Even though we recruited competitive 
players for evaluation, their skill levels inevitably were varying 
from amateur to professional levels. However, subjects in 
this study might reflect a population general sports doctors or 
shoulder surgeons examine on a daily basis. Also, three physical 
therapists measured passive range of motion and end range was 
not quantified. To exclude inter examiner error, only side to side 
difference in each subject was evaluated in the study. Assessing 
passive range of motion on a clinical situation might contain 
other errors like pain affecting its measurements and changes of 
5 to 10 degrees reportedly were meaningful [9]. The difference of 
GIRD between in the coronal and the sagittal planes exceeded 10 
degrees on average while the difference in horizontal adduction 
angle was only 3 degrees on average. Assessment of GIRD in the 
two positions can easily be done by one examiner and would be 
useful for ruling out posterior capsular tightness which we think 
is difficult to detect on clinical basis.

Conclusions
Twenty-six percent of the subjects showed different values 

of GIRD in the coronal and sagittal planes. Subjects with ≥ 20° of 
GIRD in the coronal plane showed a smaller magnitude of GIRD 
in the sagittal plane indicating posterior shoulder tightness did 
not cause GIRD.
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