
ABSTRACT
Background: Adaptive changes may occur to the throwing shoulder of overhead athletes that can influence range-of-
motion (ROM). Shoulder ROM characteristics of Division III softball (SB) and baseball (BB) players are unique. 

Hypothesis/Purpose: To report the passive ROM characteristics of Division III SB and BB players and identify simi-
larities and differences between these two populations. 

Study Design: Descriptive, observational research on measurement

Methods: Participants included healthy Division III BB (n=50) and SB (n=24) players. Passive shoulder internal rota-
tion (IR) and external rotation (ER) ROM were measured in the supine position with the arm in 90° of abduction and 
the scapula stabilized. Descriptive statistics and frequency distributions were used to describe ROM. Paired and inde-
pendent t-tests were also used to compare throwing and non-throwing shoulder ROM for athletes of each sport and to 
compare the shoulder ROM of SB and BB players, respectively. 

Results: The IR and ER ROM for BB players throwing shoulders (IR 54.1 ± 10.9°; ER 94.1 ± 9.1°) were significantly 
different (p < 0.001) from their non-throwing shoulders (IR 63.3 ± 11.1°; ER 87.6 ± 9.2°) while SB players were not 
(p= .06 & .08, respectively). Compared to the BB players, the throwing shoulder of SB players demonstrated statisti-
cally significantly higher IR ROM (p < .001, mean difference = 11.8°, 95% CI: 6.4-17.2°) as well as higher total range 
of motion (TRM) (p < .001, mean difference = 14.4°, 95% CI: 8.6-20.2°) when compared to BB players. Glenohumeral 
internal rotation deficit (GIRD) was significantly higher in BB players when compared to SB players (p = .042, 95% 
CI: .2-10.8°). There were no significant differences in IR, ER, TRM, GIRD and ER gain between SB or BB pitchers and 
all other field positions (p > .05). 

Conclusions: SB players have more ROM and bilateral symmetry when compared to BB players. TRMD occurred 
more often than GIRD in BB players, indicating that they did not adaptively gain the same amount of ER while losing 
IR. The throwing shoulder ROM characteristics of both SB and BB players in this study were not influenced by the 
player’s position (pitcher vs. field player). 

Level of Evidence: Level III 
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INTRODUCTION
Adaptive changes may occur to the throwing shoul-
der of overhead athletes that can influence range-
of-motion (ROM). Shoulder ROM characteristics of 
Division III softball (SB) and baseball (BB) players 
are unique. The stress placed on the shoulder struc-
tures and the associated adaptive changes in range-of-
motion (ROM) that can occur when participating in SB 
or BB may leave athletes susceptible to injury.1-3 There 
is evidence that suggests these adaptive changes have 
consistently been found to cause glenohumeral inter-
nal rotation deficit (GIRD) and an associated increase 
in external rotation (ER gain) at the shoulder joint.4-9 

A comprehensive review of the literature revealed 
30 studies that provided a description of shoulder 
ROM characteristics of SB and/or BB players (see 
Appendix A). A majority of the studies examined BB 
players and approximately a third examined colle-
giate athletes (Table 1). The limited normative val-
ues reported for all player positions and levels of 
collegiate competition in which athletes participate 
represents a gap in the literature. 

It has been hypothesized that the different levels of 
training and competition may affect throwing arm 
ROM characteristics in high school, collegiate and 
professional BB players. A review of ROM values 
from previous studies (Appendix A) indicates that 
professional BB players had higher ER ROM values 
than collegiate and high school players. A review 
of the literature revealed that collegiate and pro-
fessional BB players have similar levels of GIRD 
that range from 9.7°-12.1° 2,3,10-12 while high school 
players have a slightly lower value (6.0°-7.4°).1,13 It 
should be noted, however, that the majority of stud-
ies that examined professional BB players (9 out of 
10) included pitchers only. 

There are relatively few studies that have reported 
on the ROM values of high school and collegiate 
SB players. When comparing the throwing arm 
ROM values of high school and collegiate SB play-
ers, shoulder IR was lower in the collegiate athletes 
while ER was higher in high school athletes. There 
was only one study that reported GIRD in both col-
legiate SB and BB players.11 

Previous studies have linked the magnitude of 
the changes in shoulder ROM to increased risk of 

pathology. A retrospective study by Burkhart et al.14 
reported athletes who suffered a SLAP lesion were 
found to have an IR deficit. They utilized the term 
GIRD when the deficit in the throwing shoulder was 
20° or more when compared with the non-throwing 
shoulder and found this ROM deficit to be associated 
with shoulder labrum pathologies.4 Dines et al.6 and 
Myers et al.15 indicated that excessive GIRD (EGIRD) 
could lead to pathology and was associated with rota-
tor cuff injuries (mean EGIRD = 19.7°) and ulnar 
collateral ligament injuries (mean EGIRD = 28.5°), 
respectively. Shanley et al.1 studied shoulder ROM 
measures as risk factors for shoulder injuries in high 
school BB players. They reported that GIRD of ≧ 
25° was predictive of shoulder injury in BB players 
and that GIRD was significantly different between 
injured and non-injured high school BB players. 
However, Tyler et al.16 reported patients with inter-
nal impingement had an average GIRD of 35°. 

For the purpose of this study if the athlete had any 
loss of IR in the throwing arm compared to their 
non-throwing arm they were described as having 
GIRD. If the magnitude of GIRD was equal to or 
greater than 20° the athlete was considered to have 
EGIRD. Several authors have indicated that EGIRD 
may predispose athletes to a variety of elbow and 
shoulder pathologies.4,6,15,16 Additionally, any ath-
lete who had a total range of motion (TROM or 
IR+ER) deficit ≥ 5° between their throwing shoul-
der and non-throwing shoulder was considered to 
have TROM deficit (TRMD).17 For the purpose of 
this study any athlete who had a TROM deficit of 
more than or equal to 5° between their throwing 
shoulder and non-throwing shoulder was consid-
ered to have TRMD.17 

Although Division III BB and SB has the largest 
number of participating players,18 a review of the 
current literature showed that there are no stud-
ies that describe the shoulder ROM of these ath-
letes (Appendix A). The NCAA reports that in the 
2015-16 season Division III BB had a greater num-
ber of participants (13,465) as compared to Divi-
sion I (10,429) and Division II (10,660). Similarly, 
there were more SB players participating in Divi-
sion III (7,646) compared to Division I (6,042) and 
Division II (5,992).18 Clinicians need to be able to 
identify normal and atypical ROM measurements 
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when examining SB and BB players. The purpose 
of this study was to report the passive ROM charac-
teristics of Division III SB and BB players and iden-
tify similarities and differences between these two 
populations.

METHODS

Participants
Seventy-four Division III collegiate athletes (SB 
n=24, BB n=50) with an age range of 18-21 years old 

Table 1. Literature Review of Normative Shoulder ROM Values for Collegiate Baseball and Softball Players.
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inclinometer was aligned over the ulnar border, just 
proximal to the ulnar styloid process. The GH joint 
was passively moved to maximum available ROM 
for rotation without overpressure or scapular move-
ment.19 Two trials were taken for each ROM measure 
and the average of the two measures was calculated 
and used for analysis. 

The methods for measuring passive ROM used in 
this study have been found to have good to excel-
lent reliability.19-21 To ensure accurate reliability and 
validity of all included measurements used in this 
study, a pilot study was performed utilizing 20 col-
legiate athletes. There was high agreement between 
GH measurements of IR and ER ROM obtained by 
the goniometer and a single BaselineTM bubble incli-
nometer with high concurrent validity (ICC = .95). 
Moreover, the inclinometer measurements of both IR 
and ER had good test-retest reliability (ICC = .74 & 
.87, respectively) and inter-tester reliability (ICC = 
.85 & .79, respectively). 

Data Analysis
SPSS (IBM Corp. Released 2016. IBM SPSS Statis-
tics for Windows, Version 24.0. Armonk, NY: IBM 
Corp.) was used to perform: 1) frequency distribu-
tion, descriptive statistic and cross tabulation for 
the shoulder ROM; and 2) paired t-tests to compare 
throwing and non-throwing arms for each sport and 
independent t-tests to compare the shoulder ROM 
of SB and BB players. To determine the relationship 
between the player’s position on the field, GIRD 
and TRMD, cross tabulation was performed. It was 
estimated that 45 participants would be sufficient to 
provide a good point estimate of passive ROM, with 
80% power, using a standard deviation of 11° and a 
7° margin of error for the 95% confidence interval. 

RESULTS
A total of 74 Division III athletes (SB = 24 & BB =50) 
participated in this study (Table 2). The majority of 
athletes (82% of the SB and 88% of the BB players) 
participated in more than one SB or BB season per 
year, while only 12% reported participating in more 
than one sport. There was a higher proportion of 
pitchers in the BB participants (28%) compared to 
SB participants (17%). Since there were no signifi-
cant PROM differences between pitchers and field 

(Table 2) agreed to participate and offered informed 
consent. The inclusion criteria for this study were: 
1) healthy SB or BB collegiate athletes, 2) over the 
age of 18 years 3) no self-reported current shoulder 
injury or medical condition that would preclude par-
ticipation in sports. Those athletes who reported a 
history of shoulder injury (22% BB and 17% of SB 
players) were allowed to participate. The Utica Col-
lege Institutional Review Board approved this study 
and athletes were recruited during their preseason 
from a local Division III college. 

Data Collection 
Participants provided demographic and history 
information including: age, years of participation, 
primary position on the team, and history of shoul-
der injury. Data collection occurred during the pre-
season, and was scheduled in advance of any training 
activity. The order of which measurement (IR or ER 
ROM) and arm (left or right) were randomized. 

Shoulder Passive Range-of-Motion 
To assess passive shoulder IR and ER ROM a single 
BaselineTM bubble inclinometer (Model number 
12-1056, White Plains, NY) was used. Measurements 
were taken with the participant in the supine posi-
tion, with the shoulder abducted to 90°, the elbow 
flexed to 90° and the forearm in neutral rotation 
with the elbow supported on a folded towel to align 
the humerus with the glenoid fossa. The tester 
manually stabilized the shoulder girdle at the level 
of the spine of scapula and clavicle (Figure 1). The 

Figure 1. Measurement of Shoulder Internal Rotation Range 
of Motion.
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shoulders. BB players had significantly less IR (p < 
0.001), and TRM (p < 0.032) while they had more 
ER (p < 0.001) in the throwing shoulder. On aver-
age, BB players demonstrated a GIRD of 9.2 ± 
11.3° (95% CI: 6.1-12.3). Although 62% (n = 31) of 
BB players demonstrated 5° or more of GIRD, only 
18% had EGIRD (range 20-45°). On the contrary, 16 
BB players (32%) had a minimal (< 5° of deficit or 
gain) difference in IR rotation (Figure 2a). BB play-
ers throwing shoulders demonstrated an average ER 

players, the results presented for BB players (Table 
3) and SB players (Table 4) represent combined aver-
ages and variability estimates for ROM for all play-
ing positions. 

Baseball 
Table 3 provides all data on BB player’s shoulder 
PROM characteristics. The shoulder PROM of the 
BB players demonstrated statistically significant dif-
ferences between their throwing and non-throwing 

Table 2. Participant Characteristics.

Table 3. ParticipantDescriptive Statistics and 95% Confi dence Intervals for 
Shoulder Range of Motion of Baseball Players (n = 50).

Table 4. Descriptive Statistics and 95% Confi dence Intervals for Shoulder Range 
of Motion of Softball Players (n = 24).
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Figure 2. a) Number of softball (SB) (n = 24) and baseball (BB) (n = 50) players with differences in the throwing arm internal 
rotation (IR) compared to the non-throwing arm. b) Number of softball (SB) (n = 24) and baseball (BB) (n = 50) players with dif-
ferences in the throwing arm external rotation (ER) compared to the non-throwing arm. c) Number of softball (SB) (n = 24) and 
baseball (BB) (n = 50) players with differences in the throwing arm total range of motion (TRM) compared to the non-throwing 
arm. 
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a pitcher. The incidences of EGIRD and TRMD in 
SB pitchers could not be calculated due to the low 
number of pitchers. 

Comparison of SB and BB Players 
Although this study included an unequal number 
of BB (n = 50) and SB players (n = 24), Levene’s 
Test of homogeneity of variance indicated no signifi-
cant difference between their group variances. SB 
players non-throwing shoulder demonstrated a sig-
nificantly higher IR, ER and TRM when compared 
to the BB players’ non-throwing shoulder (Table 5). 
However, compared to the BB players, the throwing 
shoulder of SB players demonstrated statistically sig-
nificantly higher IR and TRM as well as significantly 
lower GIRD (Table 5). Of the players that had EGIRD 
(nine BB and four SB) only one BB player and none 
of the SB players reported a history of shoulder 
injury. There was no statistically significant differ-
ence between SB and BB for ER gain. 

DISCUSSION

Baseball Players
The dual aim of this study was to describe values for 
shoulder ROM for Division III collegiate SB and BB 
players as well as provide a comparative analysis of 
these two populations. 

The SB and BB players in this study reported play-
ing multiple seasons per year with an average of 
13 years playing their sport. This frequency of play 
and number of years participating may explain the 
statistically and clinically significant differences 
in ROM between BB players throwing and non-
throwing shoulders. Collegiate athletes appear to be 
unique when compared to high school and profes-
sional players but there is variability within each 
group according to multiple authors (Appendix A). 
The throwing shoulder ER values of Division III BB 
players in this study were lower than those reported 
by other studies that examined Division I (most 
did not report division) BB players, while IR values 
were higher (Table 1). Collegiate BB players throw-
ing shoulder ER, in the literature, ranged from 98.9°-
131.5° (Table 1). In previous research, the throwing 
shoulder IR ROM values for collegiate BB players had 
high variability and ranged from 23.7°-79.3° (Table 
1), compared to the average of 54.1° (Table 2). These 

gain of 6.5 ± 8.0°  (95% CI: 4.3-8.8) but only 56% 
(n = 28) gained 5° or more.   Additionally, 38% (n 
= 19) had a minimal difference (< 5° of deficit or 
gain) in ER rotation (Figure 2b). The combination 
of average GIRD and ER gain led to an overall aver-
age TRMD of 2.7  ± 8.6°  (95% CI: 0.3-5.1). While 
38% (n = 19) of the BB players had a TRMD of 5° 
or more, an equal amount of BB players (36%) had 
minimal difference in TRM (< 5° of deficit or gain) 
and 26% (n = 13) gained 5° or more (Figure 2c). 

Although there were no significant differences in IR, 
ER, TRM, EGIRD and ER gain between BB pitchers 
and all other positions (p > .05), cross tabulation of 
player’s position on the field with EGIRD, TRMD 
revealed the following observations: 1) of the 9 BB 
players that had EGIRD, five of them were pitchers 
(36% of the pitchers) and the remaining four were 
field players (11% of field players); 2) a Chi-squared 
test indicated that BB pitchers have a significantly 
higher incidence of EGIRD (X2 = 4.1, P = .042); 3) of 
the 14 pitchers in this study, five of them had both a 
TRMD and EGIRD, three had TRMD but no EGIRD 
and none had EGIRD only; 4) of the 36 field players, 
three had both TRMD and EGIRD, eight had only 
TRMD, and four had EGIRD only. 

Softball
When comparing SB players throwing and non-
throwing shoulders (Table 4) there were no statisti-
cally significant differences in IR, ER or TRM (p > 
.05). Additionally, there were no significant differ-
ences in IR, ER, TRM, GIRD and ER gain between SB 
pitchers and all other field positions (p > .05). Of the 
SB players 83% (n = 13) had a minimal difference in 
IR rotation between the throwing and non-throwing 
shoulders (< 5° of deficit or gain) while only 17% 
(n = 4) had EGIRD (Figure 2a). The percentage of 
SB players that exhibited ER gains of ≥ 5° was 42% 
(n = 10) (Figure 2b). SB players with a TRM gain ≥ 
5° was 17% (n = 4) while 29% (n = 7) had a TRMD 
≥ 5° (Figure 2c).

Cross tabulation of EGIRD and the player’s position 
on the field was calculated to determine the rela-
tionship between these variables for the SB players. 
Seven SB players had TRMD ≥ 5°, of which three of 
them had both TRMD and EGIRD. Of those three 
players with both TRMD and EGIRD, only one was 



The International Journal of Sports Physical Therapy | Volume 14, Number 5 | October 2019 | Page 777

The instrumentation used in the literature to mea-
sure IR and ER was consistently a standard goni-
ometer10,22-25 or a digital inclinometer.11,26,27 ROM 
measurements of IR and ER using a bubble incli-
nometer correlated highly with goniometry in 
the pilot study. The high correlation of these two 
devices and the ease of use of a bubble inclinom-
eter should be considered when performing this 
measurement. 

Although a large proportion of the BB players dem-
onstrated some degree of IR deficit, only 18% (n = 
9) of them demonstrated EGIRD. EGIRD has been 
linked to the development of adaptive changes in 
the shoulder, which include humeral retroversion 
and posterior shoulder stiffness.28,29 These adaptive 
changes have been found in BB players as young 
as 8-10.5 years old and were hypothesized to be a 
contributing factor to the development of EGIRD 
over the course of an athlete’s career.13 EGIRD 
has also been linked to increased risk of shoul-
der injury.1,4,6,14,16 In this study pitchers developed 
EGIRD more often than field position players. 
EGIRD may be an important variable to consider 
when evaluating pitchers. 

differences and the variability in the literature may 
be related to the stabilization methods used to mea-
sure ROM, level of play and/or the field position(s). 

A review of the methodology used to measure 
shoulder IR and ER of collegiate SB and BB play-
ers revealed some variability in the overpressure 
given at end range, hand position and the measure-
ment tool used. This study utilized the same direct 
scapular stabilization described by Wilk et al.,20 that 
demonstrated higher intrarater reliability than other 
methods. The use of overpressure may significantly 
alter the value of shoulder ROM obtained. The most 
common method of determining the end-range of 
motion is using the presence of a capsular end-feel 
or detecting scapular movement.8,11,22-24 Osbahr et 
al.10 attempted to standardize overpressure using a 
handheld dynamometer, which resulted in higher 
ROM values when compared to other results seen in 
the literature. Direct scapular stabilization is more 
consistently used in the literature and the majority 
of articles reviewed utilized stabilization in order to 
prevent scapular tilting.11,22-27 There was, however, 
variability in hand positions/contact points on the 
scapula and various directions of stabilization force. 

Table 5. Differences Between Baseball and Softball Players Non-Throwing & 
Throwing Shoulders.
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et al.11 who found that average GIRD for BB play-
ers was higher than SB players and that the average 
TRMD for BB players was higher than SB players. 
Hibberd et al.11 did not report the percentage of play-
ers with GIRD to make a comparison to the results 
of this study. 

SB and BB players place unique demands on their 
shoulders and this could explain the differing ROM 
characteristics of their throwing shoulders. The 
unique demands may be related to the equipment 
and environmental differences such as the SB weigh-
ing approximately 20% more than a BB and that the 
SB bases are a shorter distance apart than BB.31,32 The 
greater forces produced by the BB players’ shoul-
ders may affect physical adaptations of the shoul-
der-stabilizing musculature and posterior capsule 
which may be linked to greater amounts of GIRD 
when compared with SB players.33 Moreover, recent 
research has noted that these adaptive changes of 
SB and BB players are not purely related to soft tis-
sue changes, but may involve the development of 
humeral retrotorsion.28,29,34 

Division III collegiate SB and BB athletes appear 
to engage in these sports at a very early age and 
continued with their participation in multiple sea-
sons annually as collegiate athletes. Early partici-
pation and multi-season participation may lead to 
adaptive changes in shoulder structures that could 
influence their ROM characteristics.13 However, an 
important finding of this study was related to the 
subgroup analysis of the degree of GIRD, TRMD and 
their association with the player’s field position. The 
results indicated that the changes in IR, ER or TROM 
had a wide range of presentations of deficits or gains 
(Figures 2a-c). These normal adaptations or patho-
logical variations may lose their clinical significance 
when only examining point estimate (such as means 
and standard deviations) or between group differ-
ences in hypothesis testing. The variations of ROM 
deficits or gains need to be taken into consideration 
when examining the characteristics of each individ-
ual player and not just the group means.

Limitations and Future Research 
Recommendations
One limitation of this study is that humeral retrotor-
sion was not examined secondary to the lack of 

The mean TRM for the BB players was lower than 
what has been reported in other studies (Table 1). It 
has been reported in the literature11,26 that BB players 
frequently have a TRMD of ≥ 5°, which was true for 
28% (n = 14) of the BB players in this study, how-
ever, 26% (n = 13) of them had a TRM gain. This 
TRM gain was either the result of BB players gaining 
more ER than GIRD or gaining both ER and IR. In 
this study, TRMD occurred more often in BB play-
ers who have EGIRD. TRMD may be a more impor-
tant clinical measure than EGIRD, as it represents a 
loss of IR and an inadequate gain of ER. Currently, 
there is not sufficient evidence that identifies the 
degree to which TRMD or TRM gain are associated 
with increased risk of injury in the collegiate BB or 
SB players. 

Softball Players
In contrast to the BB players, the mean PROM of the 
SB players throwing shoulder (Table 4) was not sig-
nificantly different from the non-throwing shoulder. 
Most SB players in this study either had an IR gain or 
minimal to no GIRD (Figure 2a) which was similar 
to results reported by Hibberd et al.11 Oliver et al.,8 
reported lower IR and TRM, and higher ER values 
(Table 1) for Division I SB players when compared 
to results of this study. The relative symmetry of SB 
players ROM values makes them unique when com-
pared to BB players. 

Comparison of SB and BB Players
The results of this study indicate that Division III 
SB players had more shoulder IR and TRM than 
BB players for both the throwing and non-throwing 
shoulders, while demonstrating similar throwing 
shoulder ER (Table 3 and 4). The playing position 
(pitcher vs. field player) did not seem to influence 
the throwing arm ROM characteristics of either SB 
or BB players. There are only two studies that exam-
ined the ROM characteristics of collegiate SB and BB 
players.11,30 Dwelly et al.30 combined the ROM data 
for the SB and BB players so these groups could not 
be compared. The ROM findings of this study were 
consistent with Hibberd et al.11 who described the 
ROM characteristics of Division I collegiate SB and 
BB players (excluding pitchers) and a control group 
of non-throwing participants. This study found simi-
lar GIRD averages for SB and BB players as Hibberd 
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statistically significant differences in IR, ER, TRM, 
GIRD and ER gain between pitchers and all other 
positions. BB players in this study had a higher fre-
quency of EGIRD and also have a statistically sig-
nificant higher level of GIRD when compared to SB 
players. Although the overhead throwing motions 
are similar between BB and SB players, the average 
ROM values in this study indicate that the athletes 
adapt to the demands of the sport differently. Clini-
cians should consider this study’s subgroup analysis 
of SB and BB players, which demonstrated a large 
percentage of athletes that had relative symmetry in 
their ROM (<5° of IR or ER ROM difference between 
shoulders). The identification of normative shoulder 
ROM values and the understanding that Division III 
SB and BB players have unique ROM characteristics 
is critically important for the examination and eval-
uation of these athletes. 
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SB players were not statistically significant. In this 
group of Division III SB and BB players, there was no 
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Appendix A. Literature Review of Normative Shoulder ROM Values for Baseball and Softball.
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Appendix A. Literature Review of Normative Shoulder ROM Values for Baseball and Softball. (continued)
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Appendix A. Literature Review of Normative Shoulder ROM Values for Baseball and Softball. (continued)


