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Hypothesis: Our hypothesis was that seasonal adaptive changes in the ulnar collateral ligament (UCL),
ulnohumeral joint space (UHJS), and glenohumeral internal rotation deficit (GIRD) of the pitching ex-
tremity would subsequently resolve with off-season rest.
Methods: Eleven collegiate pitchers underwent preseason, postseason, and off-season evaluations
including physical examination; dynamic ultrasound imaging of the UCL and UHJS; and the short version
of the Disabilities of the Arm, Shoulder and Hand (QuickDASH) questionnaire. Ultrasound images were
evaluated by 2 fellowship-trained musculoskeletal radiologists.
Results: All 11 pitchers were included in the final analysis, with an average age of 20.1 years and with
14.1 years of playing experience. After a season of pitching, we found significant increases in GIRD (P ¼
.004) and UCL thickness (P ¼ .033) and nonsignificant increases in both unloaded (P ¼ .069) and loaded
(P ¼ .122) UHJS. Preseason GIRD correlated with this increase in loaded UHJS (r ¼ 0.80, P ¼ .003). The
increase in UCL thickness was significantly greater in pitchers with GIRD greater than 10� (P < .05). After
the off-season, UCL thickness returned to baseline and significant decreases were noted in both unloaded
(P ¼ .004) and loaded (P ¼ .041) UHJS, but a progression in GIRD was found (P ¼ .021). Pitchers with GIRD
of 10� or less showed greater improvement in UHJS after the off-season (P < .05).
Conclusions: The pitching season produced adaptive changes in the throwing elbow that subsequently
resolved after off-season rest. However, shoulder range-of-motion deficits were progressive and did not
resolve. Ultrasound adaptations of the pitching elbow were significantly related to GIRD.

Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Throughout the course of a season, pitchers place significant
loads and stress on their throwing arm, placing them at risk of
medial ulnar collateral ligament (UCL) injury.2,6 In an epidemiologic
study of 5295 collegiate baseball athletes, the incidence of UCL
surgery in 1 year was found to be 2.5 per 100 player-seasons, with
significantly higher risks in pitchers than in non-pitchers.17 Pitchers
are at increased risk of UCL reconstruction and missed time
from sport because of the volume of overhead activities that place
stress on the elbow.8 Injuries to the UCL are hypothesized to be
related to variable pitching mechanics and shoulder rotation
characteristics.1,6,11,15,26
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The overhead repetitive nature of pitching produces measurable
adaptations in UCL thickness in the dominant arm of pitchers.3,16

Atanda et al4 concluded that an increased UCL thickness may be
the first abnormality seen in professional baseball pitchers. The
majority of ultrasound studies evaluated elbow ultrasounds at a
single time point.3,4,16 Keller et al13 evaluated pitchers' elbows with
dynamic ultrasounds in the preseason and postseason and found
that after a single season of pitching, UCL thickness was signifi-
cantly increased. They also found an insignificant increase in the
ulnohumeral joint space (UHJS), representing a degenerative trend
of elbow laxity, which has recently been implicated as a risk factor
for future UCL injury.21 As UCL adaptations correlate with work-
load,3,16 ultrasounds provide a quantifiable measurement of UCL
pathology. Furthermore, shoulder range of motion (ROM) has been
an area of interest in pitching biomechanics and predisposition
to upper-extremity injuries.5,11,27 Several studies have evaluated
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decreases in dominant-arm glenohumeral internal rotation (IR)
(glenohumeral internal rotation deficit [GIRD]) relative to the
nondominant arm, and GIRD and external rotation gain have been
linked to upper-extremity subjective symptoms, pain, and an
increased risk of injury in overhead athletes.10,12,13,25 However,
despite the fact that a relationship between shoulder ROM and
subjective symptoms has been described, the effect on measurable
characteristics of the UCL has not yet been established.

Dynamic ultrasound imaging has been found to be sensitive and
specific for evaluating partial- and full-thickness UCL tears with the
added benefit of identifying joint space widening, elbow instability
and laxity, and UCL characteristics under various stresses.7,9 Studies
have taken advantage of this at single time points4; with serial
preseason assessments7; and more recently, before and after a
single season.13 The adaptations in the UCL observed in prior
studies were significant; however, it is unknown whether these
changes resolve with rest or continue to progress. Furthermore, the
relationship between these ultrasound adaptations and shoulder
ROM is not fully understood. This information can direct providers
and coaches in their efforts to reduce the risk of injury and chronic
overuse in pitchers. The purpose of this study was to measure
anatomic adaptations in the throwing arm after 1 season of
competitive college pitching and determine whether they resolve
after an off-season rest period by use of dynamic ultrasound im-
aging and physical examination. Our hypothesis was that seasonal
adaptive changes in the UCL, UHJS, and GIRD of the pitching ex-
tremity would subsequently resolve with off-season rest.

Methods

We performed a prospective observational study. Pitchers from
a single National Collegiate Athletic Association Division II college
baseball team were recruited for this study and underwent a
standardized informed consent process with documentation.
Pitchers were included if they were active collegiate pitchers who
were not currently symptomatic in their dominant throwing arm
and were capable of performing all baseball activity without re-
strictions. Pitchers who pitched in a live baseball game within 2
months prior to the study period, were experiencing shoulder or
elbowpain, were unavailable for imaging prior to the season, or had
previous known elbow injury requiring surgery or prolonged
absence from sport were not recruited for the study.

Physical examinations were performed by a single orthopedic
surgeon. Shoulder rotation was assessed by goniometry with the
patient supine and the arm abducted to 90� in the scapular plane
and was measured relative to the moving arm along the ulnar
border. Players also completed a questionnaire regarding throwing
history and arm injury, as well as the short version of the Disabil-
ities of the Arm, Shoulder and Hand questionnaire (QuickDASH).
For each pitcher in the study, a complete dynamic ultrasound
evaluation of the elbow (Logiq E9; GE Healthcare, Little Chalfont,
UK) was performed at the main institution of the primary investi-
gator. Ultrasound examinations were performed by a single,
musculoskeletal ultrasoundetrained sonographer. All structures
were imaged in accordance with American Institute of Ultrasound
in Medicine practice guidelines in the short- and long-axis planes
relative to the structure being imaged. Images of the anterior band
of the UCL were obtained with the player in a seated position,
shoulder maximally externally rotated, and arm at 30� of flexion as
measured by goniometry. To evaluate the elbow medial joint line
and UCL dynamically, the pitcher's elbow was placed in 30� of
flexion and a single orthopedic surgeon manually applied a valgus
load to the elbow until a functional endpoint (ie, resistance to joint
motion) was detected, consistently with previous studies.7,13,14,16

Ligament echogenicity and ulnar nerve dimensions were not
evaluated. The same sonographer and orthopedic surgeon exam-
ined and performed the ultrasounds and valgus load applications at
all testing time points in an effort to standardize the maneuver.

Physical examinations and dynamic ultrasounds were per-
formed in each pitcher at 3 time points: (1) before the start of their
college spring season, within a 2-week window prior to their first
live game (“preseason 1”); (2) after the season, within 6 days of
their final game (“postseason 1”); and (3) after a 2-month off-
season of relative arm rest (“preseason 2”). Players did not partic-
ipate in a study-mandated protocol during the off-season. They
were allowed to perform their own off-season activities while away
from college for summer vacation; these activities were not
restricted for inclusion in the study as long as no pitcher partici-
pated in live games during the off-season.

All ultrasound images were deidentified for time of examina-
tion, arm dominance, and player name and were evaluated in
random order by 2 blinded fellowship-trained musculoskeletal
radiologists. Each radiologist evaluated every examination indi-
vidually; the radiologists then corroborated their findings with one
another to determine final consensus measurements for each im-
age. This method was chosen instead of calculation of an average
value between 2 separate measurements, given the low number of
study subjects. For this reason, only 1 final measurement was
produced and, therefore, no inter-rater reliability measurements
were attained. Each image was evaluated for UCL thickness and
medial UHJS distance in stressed and non-stressed examinations.
UCL thickness was measured by the modified Jacobson-Ward
technique,23 whereas UHJS was measured without including
bone spurs and from the superior portion of the joint with the
cortices parallel. Continuous outcome measures consisted of UCL
thickness and area, unloaded UHJS, loaded UHJS, and shoulder ROM
measurements.

Data analysis

Ultrasound comparisons were performed using a paired t test
for continuous measures and Fisher exact test for categorical
measures. Preseason 1 represents baseline values, preseason 1 and
postseason 1 comparisons represent changes over a season of
pitching, and postseason 1 and preseason 2 comparisons represent
off-season changes. Differences in ultrasound findings at each time
point were correlated with player demographic data, questionnaire
responses, and physical examination findings. Ultrasound findings
were compared between pitchers with GIRD of 10� or less vs. GIRD
greater than 10�, as 10� represented themedian value of the cohort.
Correlations of the subject demographic characteristics and mea-
sures of pitching stress to the ultrasound findings were evaluated
using analysis of variance, Spearman correlation, and logistic
regression analysis.

Results

Demographic characteristics

Eleven collegiate pitchers met the inclusion criteria. The average
age was 20.1 ± 1.3 years, and the average body mass index was 24.8
± 2.9. The average length of experience was 14.1 ± 2.2 years
(Table I). Regarding their pre-collegiate careers, 8 of the 11 pitchers
(72.7%) reported playing year-round baseball and 81.8% of pitchers
reported a history of arm pain while throwing. No pitcher partici-
pated in games or non-collegiate leagues during the collegiate off-
season. At the time of the interview, 90.9% of pitchers followed a
structured stretching program in college (Table I). No demographic
variables were found to correlate to baseline ultrasound imaging
findings.



Table I
Subject demographic characteristics and pitching workload survey (N ¼ 11)

Data

Age, mean ± SD (range), yr 20.1 ± 1.3 (18-22)
Height, mean ± SD (range), cm 73.6 ± 2.1 (70-76)
Weight, mean ± SD (range), kg 191.5 ± 28 (150-230)
BMI, mean ± SD (range) 24.8 ± 2.9 (20-28)
No. of years played, mean ± SD (range) 14.1 ± 2.2 (10-17)
Handedness, n (%)
Left 3 (27.3)
Right 8 (72.7)

Workload survey, n (%)
Year-round high school baseball, no/yes 3 (27.3)/8 (72.7)
Other high school sports, no/yes 9 (81.8)/2 (18.2)
History of arm pain while throwing, no/yes 2 (18.2)/9 (81.8)
History of missed games due to arm pain, no/yes 6 (54.6)/5 (45.5)
History of seeking medical advice for arm pain,
no/yes

7 (63.6)/4 (36.4)

Currently involved in stretching program, no/yes 1 (9.1)/10 (90.9)
Throw bullpen sessions during off-season, no/yes 2 (18.2)/9 (81.8)
Frequency of throwing during off-season
1-3 times per week 4 (36.4)
4-6 times per week 7 (63.6)

SD, standard deviation; BMI, body mass index.
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Shoulder ROM

At the initial preseason 1 evaluation, dominant- and
nondominant-arm IR values were similar (P > .05) and GIRD
measured 5.64� on average (standard deviation [SD], 11.71�). At
subsequent evaluations, dominant-arm IR was significantly less
than nondominant-arm IR (postseason 1, P¼ .049; preseason 2, P ¼
.035). Throughout the study period, GIRD significantly increased
(postseason 1, 17.82� [SD, 18.84�] with P¼ .004; preseason 2, 28.64�

[SD, 14.75�] with P ¼ .021) and dominant-arm IR progressively
decreased during the season (55.6� in preseason 1 vs. 43.4� in
postseason 1, P ¼ .004) and off-season (32.6� in preseason 2, P ¼
.021). Throughout the off-season, dominant-arm external rotation
increased significantly (116.0� in postseason 1 vs. 123.2� in pre-
season 2, P ¼ .02) (Table II).

Dynamic ultrasound imaging

At all time points, only 2 pitchers demonstrated findings of loose
bodies or bone spurs on ultrasound imaging, which were un-
changed at each subsequent examination.
Table II
Dominant shoulder range-of-motion characteristics

Outcome
measure

Preseason 1 Postseason 1 Preseason 2

IR, �

D 55.6 ± 9.8 43.4 ± 14.1k 32.6 ± 10.3k

ND 61.2 ± 8.5 54.6 ± 13.1k 42.4 ± 8.7k

Mean D
(95% CI)

5.6 (�2.2 to 13.5) 11.2 (0.1 to 22.3)k 9.8 (0.8 to 18.8)k

ER, �

D 122.0 ± 14.8k 116.0 ± 11.0 123.2 ± 10.5k

ND 115.6 ± 11.2k 108.9 ± 14.9 106.7 ± 14.6k

Mean D
(95% CI)

�6.4 (�10.8 to �1.9)x �7.1 (�15.8 to 1.6) �16.5 (�26.5 to �6

GIRD, � 5.6 ± 11.7 17.8 ± 18.8 28.6 ± 14.8

IR, internal rotation; D, dominant; ND, nondominant; D, difference; CI, confidence interv
Data are presented as mean ± standard deviation unless otherwise indicated. P values c

* Preseason 1 to postseason 1.
y Postseason 1 to preseason 2.
z Preseason 1 to preseason 2.
x Statistically significant.
k Measurement is significantly (P < .05) different from nondominant measurement.
UCL thickness

At each time point, we found significantly greater UCL thick-
ness of the dominant arm compared with the nondominant arm (P
< .05, Table III). After a season of competitive pitching, a significant
increase in UCL thickness was noted (1.62 mm in preseason 1 vs.
1.80 mm in postseason 1, P ¼ .033). Following off-season rest,
UCL thickness returned to baseline, showing no significant dif-
ference compared with preseason values (1.62 mm in preseason 1
vs. 1.69 mm in preseason 2, P ¼ .4; Table III). After a season of
pitching, UCL thickness increased significantly more in pitchers
with GIRD greater than 10� than in those with GIRD of 10� or less
(mean difference, 0.22 mm [95% confidence interval (CI), 0.00-0.44
mm]; Table IV).

Ulnohumeral joint dimensions

Season: preseason 1 to postseason 1
Dynamic ultrasound evaluation of the dominant elbow showed

insignificant increases in elbow laxity over the course of the season.
UHJS widening insignificantly increased in both unloaded (2.59
mm in preseason 1 vs. 2.94 mm in postseason 1) and loaded (3.91
mm in preseason 1 vs. 4.24mm in postseason 1) conditions (P > .05,
Table III). Elbow laxity after a season of pitching significantly
correlated with initial preseason 1 GIRD measurements (r ¼ 0.80
[Spearman correlation], P ¼ .003; Table V).

Off-season: postseason 1 to preseason 2
Dynamic ultrasound evaluation of the dominant elbow after an

off-season of rest demonstrated statistically significant decreases in
UHJS in both unloaded (2.94 mm in postseason 1 vs. 2.63 mm in
preseason 2, P¼ .004) and loaded (4.24mm in postseason 1 vs. 3.76
mm in preseason 2, P ¼ .041) conditions (Table III). Following the
off-season, unloaded and loaded UHJS did not differ significantly (P
> .05) relative to baseline measurements (Table III). After an off-
season of rest, unloaded (mean difference, �0.27 mm [95%
CI, �0.49 to �0.04 mm]) and loaded (mean difference, �0.73 mm
[95% CI, �1.28 to �0.17 mm]) UHJS decreased significantly more in
pitchers with GIRD of 10� or less compared with those with GIRD
greater than 10� (Table IV). Likewise, IR deficits measured at the
postseason 1 time point were significantly associated with subse-
quent resolution of loaded UHJS during the off-season (r ¼ 0.61,
P ¼ .047; Table V).
Season changes* Off-season changesy Relative to baselinez

P ¼ .004x P ¼ .021x P < .001x

12.2 (�19.4 to �5.01)x,k �10.8
(�19.6 to �2.0)x,k

�23.0
(�31.4 to �14.6)x,k

P ¼ .210 P ¼ .020x P ¼ .730

.4)x,k �6.0 (�16.0 to 4.0) 7.2 (1.4 to 12.9)x,k 1.2 (�6.1 to 8.5)

P ¼ .004x; 12.2
(5.0 to 19.4)x,k

P ¼ .021x; 10.8
(2.0 to 19.6)x,k

P < .001x; 23.0
(14.6 to 31.4)x,k

al; ER, external rotation; GIRD, glenohumeral internal rotation deficit.
ompare the dominant shoulder at 2 time points.



Table III
Physical dimensions of dominant UCL and ulnohumeral joint

Outcome measure Preseason 1 Postseason 1 Preseason 2 Season changes* Off-season changesy Relative to baselinez

UCL thickness, mm P ¼ .033x P ¼ .170 P ¼ .400
D 1.62 ± 0.38k 1.80 ± 0.39k 1.69 ± 0.34k

ND 1.36 ± 0.26k 1.41 ± 0.34k 1.33 ± 0.26k

Mean D (95% CI) �0.26
(�0.53 to �0.01)x,k

�0.39
(�0.67 to �0.10)x,k

�0.36
(�0.66 to �0.06)x,k

0.18 (0.02 to 0.35)x,k �0.11 (�0.28 to 0.06) 0.07 (�0.10 to 0.24)

Unloaded UHJS, mm 2.59 ± 0.59 2.94 ± 0.54 2.63 ± 0.46 P ¼ .070 P ¼ .004x P ¼ .790
Mean D (95% CI) d d d 0.35 (�0.03 to 0.72) �0.30 (�0.48 to �0.13)x,k 0.04 (�0.29 to 0.38)

Loaded UHJS, mm 3.91 ± 0.91 4.24 ± 1.07 3.76 ± 0.86 P ¼ .120 P ¼ .040x P ¼ .420
Mean D (95% CI) d d d 0.33 (�0.11 to 0.77) �0.48 (�0.93 to �0.02)x,k �0.15 (�0.53 to 0.24)

UCL, ulnar collateral ligament; D, dominant. ND, nondominant; D, difference; CI, confidence interval; UHJS, ulnohumeral joint space.
Data presented as mean ± standard deviation unless otherwise indicated. P values compare the dominant elbow at 2 time points.

* Preseason 1 to postseason 1.
y Postseason 1 to preseason 2.
z Preseason 1 to preseason 2.
x Statistically significant.
k Significantly different (P < .05) from nondominant elbow.
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QuickDASH scores

QuickDASH scores collected at each time point did not change
significantly throughout the study period. No demographic char-
acteristics were found to correlate with QuickDASH scores. Quick-
DASH scores were not found to correlate with elbow or shoulder
adaptations.

Discussion

Our study found that with a 2-month period of relative arm rest
in the off-season, adaptive anatomic changes in the elbows of
competitive college baseball pitchers demonstrated the potential to
return to baseline. However, deficits in shoulder ROM that accu-
mulated after a competitive season were found to progress and did
not resolve after off-season rest, contrary to our hypothesis.
Furthermore, deficits in shoulder ROM demonstrated significant
associations with adaptations in UCL thickness and elbow laxity.
This information signifies the importance of off-season rest and
identifies an area for further improvement to reduce the risk of
injury. The finding that GIRD was associated with UCL and UHJS
adaptations and continued to progress throughout the study period
advocates focused rehabilitation in baseball pitchers, as rest from
live games in the off-season is not sufficient.

The collegiate pitchers in our study demonstrated increased
UCL thickness in the dominant arm relative to the nondominant
arm at all 3 time points evaluated, consistently with previous
studies.3,4,7,16,24 In addition, UCL thickness significantly increased
Table IV
Physical dimensions of elbow in pitchers with GIRD of 10� or less vs. GIRD greater than

Outcome measure Season changes*

D UCL thickness, mm
GIRD � 10� (n ¼ 5) 0.15 (�0.17 to 0.47)
GIRD > 10� (n ¼ 6) 0.22 (0.00 to 0.44)x

D Unloaded UHJS, mm
GIRD � 10� (n ¼ 5) 0.38 (�0.17 to 0.92)
GIRD > 10� (n ¼ 6) 0.31 (�0.52 to 1.14)

D Loaded UHJS, mm
GIRD � 10� (n ¼ 5) 0.63 (0.22 to 1.05)x

GIRD > 10� (n ¼ 6) �0.03 (�0.96 to 0.90)

GIRD, glenohumeral internal rotation deficit; UCL, ulnar collateral ligament; UHJS, ulnoh
Data presented as mean difference (95% confidence interval).

* Preseason 1 to postseason 1.
y Postseason 1 to preseason 2.
z Preseason 1 to preseason 2.
x Statistically significant.
throughout the season in our study. In pitchers with GIRD greater
than 10�, the increase in UCL thickness was significantly greater. An
interesting finding of our study was that after an off-season of rest,
UCL thickness returned to baseline in all pitchers. One prior
investigation (Keller et al13) similarly found UCL thickness to in-
crease after a season of pitching (1.85 mm in preseason vs. 2.20 mm
in postseason, P < .05) but did not obtain measurements in the
following preseason to evaluate trends in the resolution of these
changes. Serial preseason dynamic ultrasound measurements were
performed in professional baseball pitchers in a study by Ciccotti
et al7; they found no significant differences in UCL thickness of the
dominant elbow when initial preseason measurements were
compared with preseason measurements in subsequent seasons,
similarly to our results. However, without postseason measure-
ments, their study was not designed to determine whether reso-
lution of UCL adaptations occurs with rest.

Our study found increases in both the unloaded and loaded
UHJS in the dominant elbow of a competitive baseball pitcher
throughout the course of a competitive pitching seasondalbeit
statistically insignificant. However, a statistically significant asso-
ciationwas found between initial preseason 1 GIRDmeasurements,
with higher preseason GIRD correlating with increases seen in
loaded UHJS after the season. Furthermore, both unloaded UHJS
and loaded UHJS significantly decreased after an off-season of rest,
with pitchers having GIRD of 10� or less showing a significantly
greater improvement over the off-season. Previous studies have
evaluated UHJS with and without stress at single time points and
found no differences related to age or years of experience but did
10�

Off-season changesy Relative to baselinez

0.11 (0.43 to 0.21) 0.04 (�0.29 to 0.38)
�0.12 (�0.37 to 0.13) 0.10 (�0.14 to 0.34)

�0.27 (�0.49 to �0.04)x 0.11 (�0.34 to 0.55)
�0.35 (�0.77 to 0.07) �0.04 (�0.81 to 0.73)

�0.73 (�1.28 to �0.17)x �0.09 (�0.71 to 0.53)
�0.18 (�1.13 to 0.77) �0.21 (�0.97 to 0.55)

umeral joint space; D, change.



Table V
Correlations (r values) among demographic factors and clinical assessment with ultrasound changes in pitching elbow during season and off-season

Factor Correlation (r)

D preseason 1 to postseason 1 D postseason 1 to preseason 2

UCL thickness Unloaded UHJS Loaded UHJS UCL thickness Unloaded UHJS Loaded UHJS

Seasons 0.48 �0.23 �0.18 0.03 0.21 �0.14
Height �0.11 �0.29 �0.41 0.15 0.10 0.08
Weight 0.06 �0.13 �0.30 0.14 0.32 0.23
Initial GIRD �0.20 0.41 0.80* �0.04 0.08 �0.57
Preseason IR �0.03 �0.14 �0.41
Postseason IR 0.06 �0.21 0.61*

Season
D IR 0.05 �0.32 0.17
D ER �0.36 0.35 0.48
D GIRD �0.05 0.32 �0.17

Off-season
D IR 0.52 �0.33 0.08
D ER 0.33 �0.22 0.12
D GIRD �0.52 0.33 �0.08

D, change; UCL, ulnar collateral ligament; UHJS, ulnohumeral joint space; GIRD, glenohumeral internal rotation deficit; IR, internal rotation; ER, external rotation.
* Significant r value.
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also find a significant increase in dominant elbow widening
compared with the nondominant elbow.4 Similarly to our study,
Keller et al13 found insignificant increases in UHJS with and
without stress between preseason and postseason measurements.
Ciccotti et al7 found a statistically significant increase in UHJS be-
tween preseason 1 and preseason 2 measurements in professional
pitchers with subsequent ultrasound evaluations. Studies have
previously established an association between increased UHJS
widening and pain or medial elbow symptoms.18,24 Recently,
Shanley et al21 linked the risk of injury to the UCL with unloaded
UHJS widening, as well as demonstrating that increased elbow
laxity under valgus load portends a 6-fold greater likelihood of
requiring UCL reconstruction. Our study demonstrates that elbow
laxity, as measured by UHJS on ultrasound, improves during an off-
season of restdand even more so in pitchers with GIRD of 10� or
lessdand, therefore, may be a modifiable risk factor for UCL tears.
Although more prospective studies are required to delineate this
relationship, decreased GIRD may be a protective factor in linking
elbow laxity to UCL injuries.

Our study, consistently with previous literature, demonstrated
that shoulder ROM is affected by a competitive season of baseball
pitching.20,22 This finding is significant as shoulder IR deficits have
been correlated with injury. Shanley et al20 found the dominant
shoulder of injured overhead athletes to have significant decreases
in IR, with an IR deficit greater than 25% portending a 4-fold greater
risk of upper-extremity injury. In a separate study, Shanley et al22

evaluated the dominant shoulders of professional pitchers during
2 subsequent spring trainings, finding that preseason measure-
ments of external rotation increased whereas IR decreased. Our
study found that IR significantly decreased in the dominant arm
throughout the season and continued to progressively decrease
despite an off-season of rest, paralleled by progressively increasing
GIRD. Likewise, external rotation increased during the off-season.
One possible explanation may be the variance in collegiate
pitchers ranging from their freshman to junior years because pre-
sumably the freshman pitchers may have more relative arm rest
prior to preseason 1 measurements compared with the more
experienced upperclassmen. A greater sample size would be
required to stratify per age group to determine the influence of
collegiate experience.

There exists a delicate balance between shoulder ROM and
elbow function, highlighting that shoulder ROM may be a modifi-
able risk factor for elbow laxity and UCL injury.10,20 Althoughwe are
unable to comment on the risk of injury in our cohort, our findings
are significant as GIRD20 and increased side-to-side differences19

have been shown to be predictive of shoulder or elbow injuries in
baseball pitchers. Although elbow measurements on ultrasound
resolved with off-season rest in our study, rest alone was not
enough to reverse the progressive GIRD. This finding advocates
aggressive rest and rehabilitation programs in the off-season to
potentially influence shoulder and elbow injuries in a clinically
significant manner.

Limitations

There are several limitations to our study. The study was con-
ducted at a single collegiate institution with volunteer recruits,
limiting our sample size. In addition, collegiate athletes are not
present on campus during the summer, and thus, individual off-
season rehabilitation protocols could not be standardized and
monitored prior to study initiation, nor was off-season rehabilita-
tion controlled for during the off-season portion of the study
period. We attempted to account for these variables using ques-
tionnaires and ensuring evaluation at similar time points for each
athlete. Another limitation inherent to questionnaires is recall bias
and variability in subjective self-assessment. In this study, valgus
stress during UHJS evaluation was applied manually rather than
using a standardized device. However, this was performed by a
single orthopedic surgeon in every pitcher and is consistent with
previous studies.7,13,14,16 Finally, the radiologists determined
consensusmeasurements for each ultrasound image, and therefore,
inter-rater reliability was unable to be calculated. However, this
was believed to produce the most accurate single measurement as
opposed to calculation of an average measurement, given the low
number of study subjects. Furthermore, this study cannot deter-
mine the clinical ramifications of changes in UCL thickness by
fractions of a millimeter because it is not powered to prospectively
assess for future injury or development of symptoms; however, this
magnitude of change is consistent with prior studies.3,7,13,24

Conclusion

Our study found that stress on the throwing arm during a
competitive pitching season produces adaptive anatomic changes.
Although changes in UCL thickness and UHJS were found to resolve
after off-season rest, shoulder ROM deficits were found to be
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progressive and did not resolve.We found a correlative relationship
between increased GIRD and subsequent development of increased
UCL thickness and elbow laxity after a season of pitching, as well as
a protective effect of decreased GIRD and recovery of elbow laxity
during the off-season. Adequate rest and off-season rehabilitation
should be emphasized to optimize resolution of adaptive changes
in the anatomy of the pitching arm.
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