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Abstract

The pathomechanics of the throw-
ing shoulder have yet to be fully
elucidated. The focus of this
study reported here was to fur-
ther characterize the morphol-
ogy of the glenoid in a popula-
tion of elite throwing athletes.

We obtained magnetic reso-
nance imaging scans of 38 pro-
fessional baseball players (domi-
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nant shoulders) and of 35 age-
matched nonthrowing control
patients (17 dominant and 18
nondominant shoulders). Seven
measurements were made by 3
blinded reviewers on 3 axial imag-
es per patient: version of superior
glenoid, middle glenoid, inferior

glenoid, superior capsulolabral
junction, middle capsulolabral
junction, inferior capsulolabral

junction, and depth of .concav-
ity of glenoid in a_middle slice.

- - A 4

he kinematic$ of the shoul-
der joint infthrowers rep-
resents a unique balance
of mobility and stability.
Qver several years, baseball play-
ers,place extreme, repetitive forces
acrossithe glenohumeral joint while
throwing. Their successful perfor-
mance is related in part to the
adaptive changes made in response
to repetitive overhead activities.

“There are both osseous and soft-tissue
adaptations to throwing, and these adap-
tations change the overall shape of the
glenoid in elite throwers.”

Mean age of the 38 players (24
pitchers, 14 fielders) was 26.8 years,
and mean age of the 35 control
patients was 27.6 years. Intraclass
correlation coefficients ranged from
.55 to .84 for the version measure-
ments. There were no statistically
significant differences between the
pitchers and the fielders on any of
the 7 measurements, but such dif-
ferences were found between the
throwers and the dominant-shoulder
control patients on all 7 measure-
ments. There were only 2 differences
(version of superior glenoid, depth
of concavity of glenoid in a middle
slice) between dominant- and non-
dominant-shoulder control patients.

There was significantly more ret-
roversion in the osseous and soft
tissues of the elite throwing athletes
than in the nonthrowing control
patients. This increased retrover-
sion may play a role in development
of internal impingement in the over-
head athlete.

340 The American Journal of Orthopedics®

Baseball pitchers have been found
to have a maximum internal rota-
tion velocity of upwards of 7000°
per second, which is the fastest
motion of all overhead athletes.!?
Furthermore, velocity can be opti-
mized by expanding the arc of
rotation—that is, increasing the
external rotation in the late cock-
ing phase of throwing.’

To this end, several adapta-
tions occur in throwing ath-
letes. These adaptations include
increased glenohumeral external
rotation, increased humeral head
and glenoid retroversion, and
anterior capsular laxity.*!0 As
a result, several compensatory
and potentially pathologic ana-
tomical changes may occur with-
in the osseous and nonosseous
structures of the shoulder joint.
Each of these variants has been



implicated in the pathogenesis of
internal impingement.

Internal impingement is defined
as clinical symptoms arising from
abnormal contact of the rota-
tor cuff and the posterosuperior
labrum. Several causes have been
theorized, including excessive ante-
rior laxity and posterior capsular
tightness.>!! In either case, the con-
stellation of pathology encountered
is extensive and includes articular-
sided rotator cuff tears, superior
anterior and posterior labral tears,
long head of biceps tendinosis, gle-
nohumeral internal rotation deficit,
and glenohumeral instability.>311-18
What remains unclear is the effect
of the normal adaptations on the
natural history of the throwing
shoulder in terms of developing or
preventing internal impingement.

For the osseous adaptations, par-
ticular emphasis has been placed
on the proximal humerus, as sev-
eral studies have demonstrated
changes within its bony archi-
tecture.”!° These studies have
demonstrated that throwers have
more retroversion in the proximal
humerus, and this correlated with
increased external rotation of the
shoulder. As the adolescent con-
tinues to pitch, the humerus con-
tinues to change—the likely result
of repetition and increased muscle
mass, which leads to stronget forces
occurring across the glenohumeral
joint. Furthermore, 80% of the lon-
gitudinal growth of the humerus
has been attributed to the proximal
physis. Combined with the accelera-
tion of grewthhduring this period,
the thrower’s shoulder has both
the biologic environment and the
mechanical “stimulus to adapt to
this motion.

However, there has been little
correlation with these morphologic
variations and the natural histo-
ry of the thrower’s shoulder. The
relationship between humeral ret-
roversion and injury has not been
established. Furthermore, the osse-
ous and capsulolabral adaptations
of the glenoid have been less well
defined. One might suspect that

there should be a commensurate
adaptation across the glenoid, as
the majority of these forces are
placed across the glenohumeral
joint. Investigators have found an
increase in osseous glenoid retro-
version of the dominant shoulder
in throwers.* The role of the labrum
within this group, however, has yet
to be defined. Moreover, the effec-
tive glenoid version could play an
important role in the pathomechan-
ics of throwers. Recently, Tetreault
and colleagues!’ reported a statisti-
cally significant correlation between
glenoid version and the anteropos-
terior location of rotator cuff tears
in a group of nonthrowers. What is
still unknown is whether this ver-
sion is protective or predisposes to
injury in the throwing population.
We contend that osseous and
capsulolabral adaptations_alter the
effective glenoid version and ulti-
mately change the shape of \the
glenoid in professional baseball
players and may play a role in
the development of ‘the pathology
commonly”encountered within the
spectrum of internal impingement.
Sincesthe creation of a radiographic
protocol for assessing the osseous
and capsulolabral glenoid version,
by Kim and colleagues,’ we have
been able to evaluate how these
measurements differ between popu-
lations, including overhead athletes.
The purpose of this study was
to determine if the effective gle-
noid version as measured by capsu-
lolabral and osseous angles differs
between professional baseball play-
ers and the general population. In
testing this hypothesis, we sought to
contribute to the understanding of
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the role of glenoid osseous adapta-
tion and the development of patho-
logic internal impingement within
professional baseball players.

MATERIALS AND MEETHODS

Patient Selection

This protocol was approved bysour
institutional review board. We retro-
spectively reviewed the charts of 38
consecutive male professional base-
ball players from a Major League
Baseball team who had undergone
magnetic resonance dmaging (MRI)
of their throwing shoulders at our
institution bgtween January 2002
and January 2007. In all cases, the
MRI was performed for evaluation
of shottlder pain. We also obtained
an age- and sex-matched cohort of
nonthrowing control patients who
had undergone MRI at our institu-
tion for the evaluation of shoulder
pain. These individuals were nei-
ther professional nor recreational
throwers and had shoulder pain
for a variety of reasons, including
rotator cuff tendinitis and shoul-
der bursitis. Thirty-five consecutive
control patients with MRI find-
ings negative for partial- or full-
thickness rotator cuff tear, labral
tear, chondral lesion, osteoarthritis,
Hill-Sachs lesion, or Bankart lesion
were included in this study. Patients
with these pathologies were included
in the throwers group.

Magnetic Resonance Imaging
All the professional baseball play-
ers and control patients underwent
MRI at our institution. All scans
were performed without contrast on
a 1.5-Telsa scanner (Signa Horizon

N
Table I. Comparison of Version Measurements (in Degrees)
Between Professional Baseball Pitchers and Fielders

Pitchers (n = 24)

Fielders (n = 14)

Plane M SD M SD P

Superior glenoid 10.2 4.3 9.7 5.7 .76
Superior capsulolabral 10.7 4.3 9.1 6.6 44
Middle glenoid 9.0 4.8 7.0 5.9 18
Middle capsulolabral 10.5 5.3 9.2 6.1 .79
Middle depth 9.4 2.3 9.2 21 .98
Inferior glenoid 7.1 3.8 4.4 6.1 .09
Inferior capsulolabral 9.1 6.0 8.7 5.5 .56
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90.0° (90.0°)

Figure 1. Axial view of middle cut of gle-
noid. Line parallel to and line perpendic-
ular to axis of scapular plane are drawn.

8.6° (171.47)

90.0° (90.0%)

Figure 2. After line from most lateral
margins of osseous glenoid is drawn
anteriorly and posteriorly, angle is
measured referencing off perpendicu-
lar line drawn in Figure 1. This angle
gives retroversion of glenoid.

LX; General Electric Medical |

Systems, Milwaukee, Wisc) witha
dedicated shoulder coil (MedRad
multipurpose array, Indianola, Pa).
Pulse sequence parameters included.:

* Oblique coronal fast spin-echo
(FSE) fat-suppressed sequence:
repetition time (TR), 4000 ms; echo
time (TE), 80 ms;echo train length
(ETL), 8-10; matrix, 256X%224; slice
thickness (THK),\3 mm (no inter-
slice gap); field of view (FOV), 16
cmj; fat suppression.

» Oblique coronal proton density
FSE: TR, 4000 ms; TE, 34 ms; ETL,
8-14; matrix, 512x384; THK, 3 mm
(mo interslice gap); FOV, 16 cm.

* Oblique sagittal proton density
FSE: TR, 3500-4000 ms; TE, 34
ms; ETL, 8-12; matrix, 512x224;
THK, 4 mm (skip 0.5 mm); FOV,
16 cm.

* Axial proton density FSE: TR,
4000 ms; TE, 34 ms; ETL, 8-14;

matrix, 512%384; THK, 3.5 mm
(no interslice gap); FOV, 15-16 cm.

In all cases, the arm was held at the
side of the trunk with the shoulder in
neutral rotation. The oblique coro-
nal proton density FSE images were
used to localize the superior, middle,
and inferior aspects of the glenoid.
The oblique coronal images of the
25%, 50%, and 75% points along the
glenoid were then used to determine
the superior, middle, and inferior
images used on the axial proton den-
sity FSE series. The corresponding
axial images were then selected out
on the FSE sequences for each of the
3 reviewers to evaluate.

Measurements
Seven measurements were used to
evaluate osseous glenoid version,
capsulolabral glenoid version, and
glenoid depth. The method used
was similar to the method previ-
ously published.?? Initially, a line
was drawn through the midpoint
of the transverse glenoid diameter
at the level of the articular surface
and the/medial rim of the scapular
body. This established the axis of
the _seapula. A«perpendicular line
was drawn to this first line, which
also passed through the most lat-
eral ‘aspect of the posterior gle-
noid (Figure 1). This second line
served as our reference line for
the osseous version measurements.
The angle between the anterior
and posterior aspects of the gle-
noid and the reference line defined
the osseous version of the glenoid
(Figure 2). A similar process was
performed for the labrum at the
most lateral aspect of the capsu-
lolabral junction (Figure 3). For
the labral measurements, a perpen-
dicular line was drawn to the axis
of the scapula, which also passed
through the most lateral aspect
of the posterior glenoid labrum.
Glenoid depth was defined as the
distance from the midpoint of the
glenoid articular surface to a line
drawn through the tips of the
anterior and posterior aspects of
the labrum (Figure 4). For each
location on the glenoid (superior,
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middle, inferior), both osseous
glenoid version and capsulolabral
glenoid version were measured.
For the middle axial image (at the
50% mark on the glenoid), glenoid
depth was measured.

Positive angles represented ret-
roversion, and negative angles
represented anteversion/ Three
blinded observers (2 sorthopedic
surgeons, | radiologist) performed
each of the measurements. All
measurements’ were performed
on the Picture Archiving and
Communications_System (PACS)
monitor using standard angle-
and (length-calculating software.
We performed reliability analysis,
repeated-measures analysis of vari-

Figure 3. After line from most lateral
margins of capsulolabral junction is
drawn anteriorly and posteriorly, angle
is measured referencing off perpendicu-
lar line drawn in Figure 1. This angle
gives effective retroversion of labrum.

Figure 4. Measurement of glenoid depth.
Distance measured from most lateral
margins of osseous glenoid anteriorly and
posteriorly (32.8 mm) is halved to pick a
point in middle of glenoid (16.4 mm). Then,
line from most lateral margins of capsu-
lolabral junction is drawn anteriorly and
posteriorly (38.9 mm). Shortest distance
from middle portion of glenoid to this cap-
sulolabral line is recorded (7.8 mm).



ance, and post hoc analysis. P was
set at .05 for statistical significance.

REsuLTS

We reviewed the MRIs of the domi-
nant shoulders of 38 professional
baseball players (24 pitchers, 14
fielders; mean age, 26.8 years).
We also reviewed the MRIs of 35
nonthrowers (17 dominant and
18 nondominant shoulders; mean
age, 27.6 years). Of the 38 play-
ers, 25 had a clinical diagnosis of
internal impingement, and 1 had
a prior acromioplasty for subacro-
mial impingement. Players’ MRI
findings included ganglion cyst
(n = 20), superior labral anteri-
or to posterior (SLAP) tear (15),
partial supraspinatus tendon tear
(11), partial infraspinatus tear (9),
Bennett lesion (9), Hill-Sachs lesion
(6), acromioclavicular joint arthro-
sis (2), Bankart lesion (1), os acro-
miale (1), and inferior glenohu-
meral ligament complex tear (1).
For the control patients, there was
no evidence of these pathologies
on MRI. Ultimately, the majority
of the control patients received a
diagnosis of shoulder strain.

Regarding interobserver reliabil-
ity, correlation coefficients were .73
(superior glenoid), .84 (superior
capsulolabral junction), .62 (middle
glenoid), .75 (middle capsulolabral
junction), .30 (middle depth),..55
(inferior glenoid), and (68 (infe-
rior capsulolabral junction). With
the exception of glenoid depth, all
these measurements demonstrated
good interobserverireliability.

For all /7 measurements, there
was no statistically significant dif-

ference between the pitchers and
fielders in the players group (Table
I), so we combined those subgroups
into a “throwers” group for com-
parison with both the dominant-
and the nondominant-shoulder
control groups.

Table II summarizes the mea-
surements for each of the 3 groups
(throwers, dominant-shoulder con-
trol patients, nondominant-shoul-
der control patients). With respect
to glenoid version, there was a
statistically significant difference
between the throwers and the domi-
nant- and nondominant-shoulder
control patients for superior, mid-
dle, and inferior glenoid version.

With respect to the glenoid, mean
increase in retroversion between the
throwers and the dominant-shoul-
der control patients was 3.9°, 6.9°,
and 3.1° for the superior,. middle,
and inferior measurements, respec-
tively. Each increase was statisti-
cally significant{ With respect to the
capsulolabral junction, the mag-
nitude of the difference was 4.0°,
6.1°, and 5{0°. These increases were
also significant.

Ongaverageythe labrum added
1.8° of ‘retroversion on the middle
slice and 2.7° of retroversion on the
inferior slice for the throwers. The
depth of the glenoid was larger for
the throwers (8.8 mm) than for the
dominant-shoulder control patients
(7.5 mm) or the nondominant-
shoulder control patients (6.4 mm).

Differences between the throwers
and the nondominant-shoulder con-
trol patients were 7.1°, 6.2°, and 2.8°
for the glenoid and 6.2°, 5.8°, and
5.4° for the capsulolabral junction.
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These were all statistically significant.

Differences between the domi-
nant- and the nondominant-shoul-
der control patients were 3.2°,-0.7°,
and —0.3° for the glenoid and 2.2°,
—0.3°, and 0.4° for the capsulolabral
junction. The superior glenoid pro-
vided the only statistically signifi-
cant version difference—more ret-
roversion in the dominant-shoulder
control patients.

DiScUSSION
Our study results demonstrated
both osseous and soft-tissue adap-
tationsfin the throwing shoulder.
This finding i$ consistent with that
of studies that have used computed
tomography (CT) and radiographs
to ‘evaltiate glenoid version.* Our
mean retroversion was slightly less
than that reported by Crockett and
colleagues.* MRI and use of PACS
measurement tools allowed accu-
rate and reproducible measurement
of glenoid version. Unlike CT, they
also allowed for accurate repre-
sentation of soft-tissue structures,
which is important because char-
acterization of the effective glenoid
version includes the labrum, which
deepens the glenoid socket. The
labrum added 1° to 2° of retrover-
sion in professional baseball players
at the middle and inferior aspect
of the glenoid—demonstrating a
soft-tissue adaptation to repetitive
throwing, in addition to the osseous
adaptation. Furthermore, there was
a deepening of the osseous glenoid
in throwers versus control patients.
The discrepancy within a single indi-
vidual of glenoid and capsulolabral
retroversion combined with the

-
Table Il. Comparison of Version Measurements (in Degrees) Between Professional Baseball

Players and Dominant (DC) and Nondominant (NDC) Shoulders of Control Patients

Throwers (n = 38) Control Patients (n = 35) P
Plane DC (n=17) NDC (n = 18) Throwers vs Controls:
Mean SD Mean SD Mean SD DC Controls DC vs NDC
Superior glenoid 10.0 4.8 6.1 4.4 2.9 4.6 .002 .02
Superior capsulolabral 10.0 5.1 6.0 5.3 3.8 4.5 .004 18
Middle glenoid 8.3 5.2 1.4 5.7 2.1 5.2 <.001 .64
Middle capsulolabral 10.1 5.6 4.0 55 4.3 5.7 <.001 .86
Middle depth 9.3 2.2 7.9 1.7 6.9 1.4 <.001 .01
Inferior glenoid 6.3 4.6 3.2 4.4 3.5 4.7 .012 .82
Inferior capsulolabral 9.0 5.8 4.0 6.1 3.6 6.5 .002 .83
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deepening of the glenoid suggests
that these adaptations represent
changes in the 3-dimensional shape
of the socket rather than simple
2-dimensional changes in version.

As there was no difference
between pitchers and fielders in our
cohort, these changes may depend
on a threshold number of throws or
on years of throwing, rather than on
throwing at extremely high velocities
or intensity, as would be seen in the
pitching cohort. Furthermore, these
changes likely take place during the
developmental phases of growth in
the pubescent years.>® It is also plau-
sible that these throwers have self-
selected. Their glenohumeral joints
have adapted to allow them to throw
at high levels by permitting increased
external rotation in abduction by
humeral and glenoid retroversion.
In essence, this increased retrover-
sion may be biomechanically neces-
sary for throwing a baseball at high
velocity. What remains unclear is the
effect that increased retroversion has
on the natural history of the throw-
ing shoulder and the development
of pathology.

Internal  impingement,  well
described in the orthopedic litera-
ture, refers to the pathologic contact
between the margin of the glenoid
and the articular surface of the rota=
tor cuff and classically presents in
overhead athletes. Increased’ soft-
tissue and osseous retroversion may
play a role in development of internal
impingement in the overhead athlete.
All the baseball players in our study
underwent MRI'andshad pain in the
dominant shoulder from repetitive
activity, and many had been clinical-
ly diagnosed, with internal impinge-
ment. MRI ‘revealed a variety of
pathologies, including SLAP tears,
articular-sided rotator cuff tears,
and Bennett lesions. In a study of
handball players, Pieper?! found less
humeral retroversion (mean, 5.4°) in
those with chronic arm pain than
in those without pain and suggested
that humeral retroversion may in fact
be protective in the overhead athlete.

The changes on the glenoid are
less likely to be protective. Although

one might propose that a simple
change in retroversion may pre-
vent internal impingement, we con-
clude from our study results that
the changes are more morphologi-
cally complex and include deepen-
ing of the glenoid, which ultimately
changes the glenoid shape. As the
glenoid remodels and the posterior
capsule becomes shorter, the poste-
rior glenoid becomes more promi-
nent. This is further emphasized by
the presence of a Bennett lesion, a
posterior extra-articular ossification
associated with a scarred capsule. As
this portion of the glenoid becomes
more prominent, it increases the
likelihood of undersurface contact
of the rotator cuff with the posterior
glenoid margin—which may lead
to fraying of the rotator cuff and
articular-sided rotator cuff tears.

CONCLUSIONS

There are both osseous and soft-
tissue adaptations,to throwing, and
these adaptations change the over-
all shape of the glenoid in elite
throwers), Changing the mechanics
of motion defined by osseous and
soft-tissue restrdints may prolong
a thrower’s career before overuse
mjury oceurs. Furthermore, this
increased retroversion may be bio-
mechanically necessary for throw-
ing a baseball at high velocity.

Although it is still unclear wheth-
€r it is protective or deleterious,
effective glenoid retroversion may
one day become a target of therapy.
More studies are needed to evaluate
the effect of both humeral and gle-
noid retroversion on the incidence
of pathology and on the biome-
chanics of the thrower’s shoulder.
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