
ABSTRACT
Background: Numerous studies have shown that baseball players develop range of motion adaptations in their throw-
ing arm. While some of these shoulder range of motion adaptations can lead to greater throwing velocity, excessive 
changes in shoulder range of motion can increase the risk of injury to the ulnar collateral ligament (UCL). 

Purpose/Hypotheses: The purpose of this study was to compare the passive GH-ABD ROM measures of baseball 
players with a diagnosed UCL tear (UCL group) to a group of age, activity, and position matched healthy controls 
(CONT group). The primary hypothesis was that baseball players with an UCL tear would have a greater loss of pas-
sive glenohumeral abduction range of motion in their throwing shoulder than healthy controls. A secondary hypoth-
esis was that baseball players with an UCL tear would demonstrate similar glenohumeral abduction range of motion 
in their non-throwing arm and increased side-to-side glenohumeral abduction differences compared to the healthy 
cohort. 

Study Design: Retrospective prospective case-control study. 

Results: The UCL group had significantly greater glenohumeral abduction range of motion on their throwing shoul-
der (132.5°±8.3°) than the CONT group (120.19°±11.2°, p = 0.000). Similarly, the UCL group had increased gleno-
humeral abduction range of motion on their non-throwing shoulder (141.2°±9.5°) compared to the CONT group 
(124.1°±11.4°, p = 0.000). Additionally, the UCL group had a greater glenohumeral abduction difference (-8.7°±8.4°) 
than the CONT group (-3.8°±7.7°, p = 0.001). 

Conclusion: In contrast to the original hypotheses, high school and collegiate baseball players that sustained an UCL 
injury presented with greater glenohumeral abduction range of motion in both their throwing and non-throwing 
shoulders compared to healthy controls. However, the finding of greater side-to-side glenohumeral abduction range 
of motion deficits in the UCL group when compared to the matched healthy controls confirms the secondary 
hypothesis. 

Level of Evidence: Level 3. 
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INTRODUCTION
Numerous studies have shown that baseball play-
ers develop range of motion (ROM) adaptations in 
their throwing arm.1-8 Researchers have typically 
studied changes associated with external rotation 
(ER) gain, glenohumeral internal rotation deficit 
(GIRD), humeral torsion (HT), horizontal adduc-
tion (HA) loss, and total range of motion (TRM) loss 
in the throwing athlete.4,8-11 While shoulder ER has 
been positively correlated with increased throwing 
velocity,12 excessive changes in shoulder ROM can 
increase the risk of injury,5,13,14 including injury to 
the ulnar collateral ligament (UCL) of the elbow.9

In recent years the rate of elbow injuries in the 
throwing athlete, including UCL injuries, is on the 
rise.15 Petty et al.16 noted an increase in ulnar col-
lateral ligament reconstruction (UCLR) rate in high 
school baseball players with 85 performed from 
1988 to 1994 rising to 609 performed from 1995 to 
2003. Cain et al.17 also reported an increase in UCLR 
procedures performed with 500 being completed in 
1999 to 2002 and almost 800 completed during 2003 
to 2006. This increase in UCLR incidence places 
a demand on the sports medicine professional to 
determine risk factors for these throwing athletes 
and allow for better assessment and screening.

Much of the literature published in recent years has 
focused on the changes seen in the shoulder ROM 
of throwing athletes that have sustained a shoulder 
injury. When looking at GIRD in throwers with UCL 
injuries, Dines et al.14 found they were shown to 
have 28.5° loss of IR versus 12.7° in healthy con-
trols. Myers et al.11 found that participants with a 
history of elbow injury demonstrated a significantly 
greater difference in humeral retrotorsion between 
their throwing and non-throwing sides than partici-
pants with no history of upper extremity injury. Gar-
rison et al.9 found that those individuals diagnosed 
with a UCL tear showed significantly greater deficits 
in TRM with a trend toward significantly greater def-
icits in dominant shoulder ER. A loss of TRM in the 
UCL deficient thrower was also supported by Dines et 
al.14 Similarly, Shanley et al.6 found that softball and 
baseball athletes with shoulder injuries demonstrate 
a 17° difference in HA between those with injured 
shoulders and those without injury. While these 
findings provide the sports medicine professional 

with parameters for necessary ROM adaptation in 
the baseball athlete, they do not account for the role 
of glenohumeral abduction (GH-ABD) as an injury 
risk factor in the thrower.

During the throwing motion, appropriate GH-ABD 
ROM is necessary for scapular positioning.18 Baseball 
players with limited GH-ABD ROM at stride foot con-
tact (SFC) exhibit lower levels of valgus stress at the 
elbow.19 Likewise, a combination of shoulder abduc-
tion and trunk tilt is needed in order for a thrower to 
achieve a proper arm slot.20 Mathematical simulation 
models suggest that if this relationship deviates too 
much (greater than 10° of trunk tilt and 100° of shoul-
der abduction), valgus stresses across the elbow may 
increase.21 No previous studies have examined the 
relationship between glenohumeral abduction (GH-
ABD) and UCL injury. The purpose of this study  was to 
compare the passive GH-ABD ROM measures of base-
ball players with a diagnosed UCL tear (UCL group) to 
a group of age, activity, and position matched healthy 
controls (CONT group). The primary hypothesis was 
that baseball players with a UCL tear would have a 
greater loss of passive GH-ABD ROM on their throw-
ing shoulder when compared to healthy controls. A 
secondary hypothesis was that baseball players with 
a UCL tear would demonstrate similar GH-ABD ROM 
in their non-throwing arm and increased side-to-side 
glenohumeral abduction differences (GH-ABD Diff) 
compared to the healthy controls.

METHODS
This was a retrospective case-control study; the Insti-
tutional Review Board of Texas Health Resources 
approved the research procedures. A total of 134 
male competitive high school and collegiate baseball 
players volunteered to participate in this study from 
2015 to 2017 during a 26-month timeframe. Sixty-
seven baseball players with a UCL tear were com-
pared with 67 age, experience, and position-matched 
healthy baseball players (Table 1). 

Participants were identified during regularly sched-
uled visits to the participating physician and/or 
physical therapist. For both the UCL group and 
CONT group, participants were considered for study 
participation if they were a baseball player between 
the ages of 14 and 22 years. Inclusion criteria for 
the UCL tear group included the following: (1) the 
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allow the arm to externally or internally rotate dur-
ing this abduction movement. Measurements were 
taken by a second therapist with the axis at the cen-
ter of the humeral head, the stationary arm paral-
lel to the trunk through the ASIS, and the moving 
arm bisecting the humerus through the middle of the 
elbow (Figure 2). GH-ABD ROM Diff was calculated 
by subtracting GH-ABD ROM of the non-throwing 
arm from the GH-ABD ROM of the throwing arm. 

STATISTICAL METHODS
An a priori statistical power analysis was performed 
using GH-ABD Diff as the outcome, and determined 
that a total of 40 participants (20 in the control group 
and 20 in the UCL tear group) would be needed to 
detect statistically significant differences based on 

athlete’s ability to throw was affected by the injury, 
(2) the athlete was unable to continue participating 
in baseball at the level before UCL tear, (3) clinical 
examination results were positive for a UCL tear, 
(4) there was confirmation of a UCL diagnosis via 
MRI, and (5) the athlete was attempting to return to 
sport at a competitive level. Exclusion criteria were 
(1) a previous UCL reconstruction that failed, (2) a 
previous shoulder surgery for labral or rotator cuff 
involvement, and (3) if the patient did not plan to 
return to baseball after treatment. The same exclu-
sion criteria were applied to the control participants. 
Participants were enrolled and consented into the 
study by an investigator in the outpatient sports 
medicine facility once they were confirmed to meet 
the inclusion and exclusion criteria (Figure 1).

With UCL participants, ROM testing was performed 
at their initial visit to the outpatient sports medi-
cine facility. All control participants were measured 
before their season using the same methods as the 
UCL group. Measurements were taken by four physi-
cal therapists all of whom had undergone training 
and demonstrated good reliability (intraclass correla-
tion coefficient [ICC]2,k = 0.98; standard error of the 
mean [SEM] = 2.1). For GH-ABD, two clinicians par-
ticipated in the measurement process (one to mea-
sure while one stabilized the shoulder and moved 
the arm). The participant was positioned supine 
while the physical therapist stabilized the scapula in 
a retracted position. Once scapular stabilization was 
achieved the participant’s arm was placed in neutral 
rotation with the elbow in extension and the physical 
therapist abducted the participant’s arm to the avail-
able range. This was defined as the point before the 
participant’s scapula moved under the therapist’s sta-
bilizing hand. The physical therapist also maintained 
the participant’s arm in neutral rotation and did not 

Table 1. Patient Demographics.

Figure 1. Flow Diagram for Allocation of Healthy Controls 
vs. UCL-Injured.
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greater GH-ABD ROM on their throwing shoulder 
than the CONT group (p < 0.001). Similarly, the UCL 
group had increased GH-ABD ROM on their non-
throwing shoulder compared to the CONT group (p 
< 0.001). Additionally, the UCL group had a greater 
GH-ABD Diff than the CONT group (p = 0.001). 

DISCUSSION
The results of the current study indicate that those 
individuals that sustained a UCL tear had significantly 
greater GH-ABD ROM on their throwing shoulder (UCL 
group 132.5°±8.3°, CONT group 120.19°±11.2°) and 
their non-throwing shoulder (UCL group 141.2°±9.5°, 
CONT group 124.1°±11.4°) compared to healthy con-
trols. Previous data has shown that GH-ABD ROM at 
SFC is one of 4 variables that contribute to elbow val-
gus stress.19 Specifically, baseball pitchers with lower 
GH-ABD ROM values at SFC had lesser valgus stresses 
at the elbow. These findings suggest that higher num-
bers of GH-ABD ROM in the throwing arm may lead to 
greater valgus stresses at the elbow during the throw-
ing motion. Throwing mechanics were not assessed 
in the present study, and as such, a cause and effect 
relationship is not able to be established. Future stud-
ies of GH-ABD ROM in the throwing athlete should 
include a 3D biomechanical motion analysis of throw-
ing to determine what effects GH-ABD ROM has on 
the throwing motion. Nevertheless, the results point 
to the fact that GH-ABD ROM in baseball players with 
a UCL tear may need to be considered when assessing 
and treating these athletes. 

In addition, the results of the current study indicate 
that those baseball players that had sustained a UCL 

an 80% power calculation. Independent t-tests were 
used to assess for between-group differences in GH-
ABD ROM in the throwing and non-throwing arms 
and GH-ABD Diff.

RESULTS
Table 2 provides the shoulder ROM findings between 
the two groups. The UCL group had significantly 

Figure 2. FlowUse of goniometer to measure Glenohumeral 
Abduction with scapular stabilization.

Table 2. GH-ABD ROM measures between UCL and CONT group.
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studies will need to be performed in order to deter-
mine whether the findings of this study are seen in 
professional or little league athletes. The primary 
limitation to the current study is that it did not deter-
mine a cause and effect relationship but only that 
baseball players with a UCL tear were more likely to 
have deficits in GH-ABD Diff ROM. Now that an asso-
ciation has been established between GH-ABD Diff 
and UCL tears in baseball players future studies can 
be directed at potential methods to determine what 
role this ROM loss may play on altering throwing 
or pitching mechanics and how this alteration may 
place additional stress on the UCL.  

CONCLUSIONS
In contrast to the  original hypotheses, the results of 
the current study indicate that high school and col-
legiate baseball players that sustained an ulnar col-
lateral ligament injury demonstrated significantly 
greater glenohumeral abduction range of motion 
in both their throwing and non-throwing shoulders 
compared to healthy controls. However, the finding 
of greater side-to-side glenohumeral abduction range 
of motion (GH-ABD Diff) deficits in the ulnar collat-
eral ligament group when compared to the matched 
healthy controls confirms the secondary hypothesis. 
This information supports that GH-ABD ROM may 
need to be considered as part of the assessment of 
baseball athletes and provides the sports medicine 
professional a side to side ROM loss range that may 
be related to an increased risk of UCL injury. 
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