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ABSTRACT

The throwing shoulder in pitchers frequently exhibits a
garadox of glenchumeral joint motion, in which exces-
sive external rotation is present at the expense of
decreased internal rotation. The object of this study
was to determine the role of humeral head ratroversion
in relation to increased glenohumeral external rotation.
G.len,ohumera! joint range of motion and laxity along
with humeral head and glenoid version of the dominant
versus non_dominant shoulders were studied in 25 pro-
fessional pitchers and 25 nonthrowing subjects. Each
subject underwent a computed tomography scan to
determine bilateral humeral head and glenoid version.
The throwing group demonstrated a significant in-
crease in the dominant shoulder versus the nondomi-
nant sho_ulder in humeral head retroversion, glenoid
retroversion, external rotation at 90°, and external
rotation in the scapular plane. Internal rotation was
dec;eased n the dominant shoulder. Total range of
motion, anterior glenchumeral laxity, and posterior gle-
nohumeral laxity were found to be equal bilaterally.
The nonthrowing group demonstrated no significant
difference in humeral head retroversion, glenoid retro-
version, external rotation at 90° or extemal rotation in
the sc_;apular plane between shoulders, and no differ-
ence in '|nternal rotation at 90°, total motion, or laxity. A
comparison of the dominant shoulders of the two
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- groups indicated that both external rotation at 90° and

humeral head retroversion were significantly greater in
the throwing group.

In the throwing athlete, a delicate balance of mobility and
dynamic stability is required for the shoulder. Dynarsic
stabilization of the glenohumeral joint is accomplished
through ceordinated muscular activities coupled with lig-
ament. and capsolar restraints. Competitive overhead
throwing athletes perform at the extremes of glenohu-
meral motion and place tremendous repetitive stresses on
their shoulders. These stresses generate humeral angular
velocities of up to 7550 deg/sec and rotational torques of
up to 67 N-m.'* The importance of this delicate balance is
apparent when considering that the shoulder joint must’
withstand these forces over the course of a season or a
career. When this balance is disrupted, shoulder instabil-
ity and secondary impingement may result.

Wost of the interest in shoulder instability and secondary
impingement has focused on the static stabilizers of the
shoulder, specifically the soft {issues. Many researchers
have investigated the role of excessive motion, capsular
laxity, and limited shoulder flexibility as possible etiologic
factors in instability and impingement, b 8:14.15.22,23,30 iy
idence exists that the dominant shoulder in throwing ath-
letes exhibits a unique and paradoxical glenohumeral range
of motion. Specifieally, there is greater external rotation
and a loss of internal rotation when the dominant shoulder
is compared with the nondominant shoulder.®'* 15,2228
The implication of this altered arc of motion is that a
physiclogic adaptation of the dominant shoulder through
repetitive mierotrauma leads to selective stretching of the
anterior capsule and tightening of the posterior capsule,
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creating & propensity for instability and secondary
impingement.® 4. 15.22.28

It is well known that stress reaction and adaptational
processes can be found not only in soft tissues bt also in
psseous structures, Previous studies have revealed that
adaptive changes in the osseocus anatomy of the humerus
occur in throwing athletes.?® In addition, many studies
have docamented the importance of the skeletal anatomy
of the glenchumeral joint to shoulder stability.® 13 At this
time, controversy exists as to the contribution of soft tis-
sue and osseous anatomy in the development of shoulder
instability and secondary impingement.

The purpose of this study was to determine the stabality,
range of motion, and the version of the glenohumersl joint

in a population of asymptomatic elite throwing athletes

versus a nonthrowing control-matched population. Addi-
tionally, we compared the dominant with the nondomi-
pant shoulder in each subject. Our goal was to determine
whether a significant osseous difference existed between
groups and between bilateral shoulders and whether this
difference might be a factor contributing to the motion
paradox seen in elite throwing athletes.

MATERIALS AND METHODS

The subject groups in this study consisted of 25 male
professional baseball pitchers, all of whom started pitch-
ing before the age of 10 years, and 25 male control-
matched subjects, none of whom were involved in any
overhead throwing sports. All subjects in both groups
were between the ages of 18 and 35 years and were seen at
a professional baseball spring iraining camp and at the
Alabama Sports Medicine and Orthopaedic Clinic, respec-
tively. Exclusion criteria for the throwing group included
a history of shoulder surgery, humerat fracture, shoulder
tumor, or pitching-related shoulder pain that had re-
quired medical attention. Exclusion criteria for the control
group included a history of shoulder surgery, humeral
fracture, shoulder tumor, or any participation in an orga-
nized sport involving overhead shoulder miotion. These
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sports included bt were not limited to baseball, tennis,
volleyball| swimnling, javelin, European haidball, or par-
ticipation |in the [throwing pesition” of other sports (for
example, (quarterback in foothall).

All subjects wefe required to provide informed consent
before participation, in accordance with the policy of
HealthSouth Medical Center’s Institutional Review
Board, which reviewed and approved this study before it
began. The risk{of participation in the study was ex-
plained to each shibject before he signed the consent form.
This study was designed in compliance with the ethical
guidelines outlingd by the Declaration of Helsinki.

All subjects underwent a physical examination and had
their history taken by the orthopaedic staff. Glenohumeral
range of motion, lazity, and humeral head and glenoid ret-
roversion of the gominant versus nondominant shoulders
were assessed in Both the throwing and nonthrowing groups.
One examiner assessed and documented glenohumeral
range of motion |using standard. goniometric techniques.® .
Specifie variables|tested inciuded 1) external rotation at 90°
of thoracohumera abduction and in the plane of the scapula
at 45° of thoracohumeral abduction, 2) internal rotation at
90° of thoracohunperal abduction, and 3) total motion arc at
90° of thoracohumeral abduction (Fig. 1). Total motion arc
was defined as dgxternal rotation minus internal rotation
at 90° of thoracehurmeral abduction. The starting point for
the measuremenfts of both external and internal rotation
was with the subject supine; arm abducted to 80°, elbow
flexed to 90°, and the arm and hand pointed vertically
toward the front{ of the body (the ceiling in this case).

Two experienced examiners assessed anterior and pos-
terior laxity (Fig. 2) and checked for a sulcus sign. Ante-
rior and posterigr glenchumeral laxity was assessed ac-
cording, to the system proposed by Hawkins and Boker*:
grade I, translatjon of the huineral head contained within
the glenoid; grade II, translation of the humeral head onto
the glenoid rim with immediate relocation on removal of
the anterior or posterior stress; and grade ITI, translation
of the humeral Head over the glenoid rim without reloca-
tion with removhl of stress. The suleus sign was graded
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Figure 2. The method for measuring anterior and posterior
faxity.

from 0 to 2; with 0 equaling no sulcus sign, 1 equaling less
than 5 mm of inferior translation, and 2 equaling 5 mm or
more of inferior translation. *

After giving informed consent, each subject underwent
a COT scan (GE Hilite Advantage, G. E. Medical Systems,

Milwaukee, Wisconsin). Computed tomographic testing .

was performed at St. Anthony Hospital in St. Petersburg,
Florida, for the professional pitchers and at HealthSouth
Medical Center in Birmingham, Alabama, for the control
population under the direction of a board-certified radiol-
ogist. Computed tomographic testing was performed ac-
cording to the protocol deseribed by Hill et al.*® During CT
testing, subjeets were placed in a supine position. with
their arms locked at the sides to prevent any rotation of
the humerus during the procedure. Some patients had
shoulders too broad te allow for scanning both shoulders
simultanecusly and, therefore, scans in these patients
were performed one shoulder at a time, with the contralat-
eral shoulder being held in an abducted position over the
head. i

Three to six axial cuts were imaged through the hu-
meral head and approximately three axial cuts were im-
aged through the capitellum and trochlea to obtain our
measurement axis. Humeral torsion was measared by
noting the difference between a line parallel to the distal
articular surface and a line bisecting a spherical section of
the head. The measurement of the humeral head bisector
was determined according to the protocol described by Hill
et al.’® Using the smallest concentric circle that con-
formed to the humeral head radius, we marked two points
at 90° to the anterior articular margin point on the film.
The line between these points served as our humeral head
axis (Fig. 3).

Glenoid version was determined as described by Hill et
al.’® As they describe it, the subspinous medial border of
the scapula, extending from the intersection of the spine
with the body to well distal of the glenoid, is consistently
linear. In cross section, the line formed by this point and
the ‘midpoint of the transverse glenoid diameter at the
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Figure 3. Diagram demonstrating measurement of humeral
head rétroversion. (Reprinted with permission from Hill JA,
Tkach I, Hendrix RW: A study of glenohumeral origntation in
patient$ with anterior recurrent shoulder dislocations using
rized axia! tomography. Orthop Rev 18: 84-81,

the gldnoid artieular surface (Fig. 4).

A pdired #-test was used to compare the differences in
range of motion, stability, and humeral head and glenoid
retroversion for the dominant versus nondominant shoul-
each subject. An independent i-test was used to
compare range of motion and retroversion for the control
groupiversus the elite throwing group. The Fisher's exact
used to compare discrete stability measures be-

trol and throwing groups. That level of statistical
ance was set at P < 0.01. All analyses were con-
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Figure 4. Diagram demonsirating measurement of glenoid
tiit. {(Feprinted with pemission from Hill JA, Tkach L, Hendrix
AW: I study of glenohumeral orientation in patients with
anterlor recurrent shoulder dislocations using computerized
axia} Yomography. Orthop Rev 18: B4-91, 1989.)
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TABLE 1 TABLE 3 )
Comparisen of Dominant and Nondominant Shoulders in the Comparison of Shoulders between. Throwing and
Throwing Group Nonthrowing Groeups
. Dominant Nondominant . . Throwing throwi o
Variable (Mean/SD)  (Mean/SD)  Sinificance Variable o ;‘;ﬁp Toring  Significance
Humeral head 40(9.9) 23{104) P < 0.001 -
retroversion (deg) Humer_al head r_etro version .
Glenoid retroversion 14 (5.9} 11 (5.4) P <001 Dominant {deg) 40 18 P< 0.:]{]1
{deg) Nm{dommant (c_leg;) 23 19 ns'
External rotation at 90° 128(9.2) 119 (7.2) P < 0.001 Glenmt_i retroversio '
of abduction (degy i Dommal_lt (deg) 14 13 ns
External rotation in the 102(9.9) 95 (8.5) P < 0.001 Nondominant (deg) 11 12 ns
scapular plane (deg) External rotation af] 90° of
1 rotati £ 90°  B2{7.4) 71(9.3) P <0001 abduction
Inz?'r;lt?dggﬁino(?leag) Dominant (deg) 128 118 P < 0.001
Total motion (deg) 189(12.6) 188(12.7) ns” Nondommar:t (d:e ) 119 112 P <001
" Anterior laxity? 1.36 1.24 ns External rotation in| the ,
Posterior laxity® 1.92 1.80 ns scapular plane
Sulcus sign® 1.08 0.96 ns Dominant (deg) 102 92 P < 001
— - Mondominant (deg)} 95 a8 P <001
@ Not statistically significant o Internsl rotation at 90° of
b Numerie classification (m_ean) achieved by assigning a nume- abduction
ber (1 to 3) to the corresponding manual translation _grades {1 to Dominant (deg) 62 &5 ns
I1I) for anterior and posterior humera; head trans!ahfm. Nondominant (def) 71 89 ns
¢ Numeric classification (mean) achieved by assigning a num- Total motion .
ber (1 to 3) to the corresponding grades {0 to 2) for suleus sign Dominant (deg) 189 179 P < 0.03
testing. . Nondominant (deg) 189 181 P <004
Anterior laxity®
. . - Dominant 1.36 1.28 ns
du_ctefl asing SPSS 8.0 for Windows (SPSS, Inc., Chicago, Nondominant 194 190 e
INinois). Posterior laxity® ‘
Dominant 1.92 1.84 ns
Nondominant 1.80 1.76 ns
RESULTS Sulcus sign® .
. g . . Dominant 1.08 112 s
The results indicated the following for the throwing group Nondominant 0.96 108 e

(Table 1): 1) humeral head retroversion was significantly
increased in the dominant shoulder compared with the
nondominant shoulder, 2) glenoid retroversion was signif-
icantly increased in the dominant shoulder compared with
the nondominant shoulder, 3) external rotation at 90° was
significantly greater in the dominant shoulder compared

. TABLE 2
Comparison of Dominant and Nondominant Shoulders in the
Nonthrowing Group
. Dominant Noondeminant .. .
Variable (Mean/SD)  (Mean/SDy ~ Significance
Humeral head 18(12.9) 19{13.5) ns®
retroversion (deg)
Glenoid retroversion 13 (3.8} 12 (4.2} ns
(deg)
External rotation at 90° 113 (14.6) 112{13.9) s
of abduction (deg)
External rotation in the 92 (13.9) 38(13.3) P < 0.0%
scapular plane (deg)
Internal rotation at 90°  65{8.9) 69 (7.1} P <001
of abduction {deg)
Total motion (deg) 179{(17.7) 181(15.3} ns
Anterior laxity® 128 1.20 ns
Posterior laxity® 1.84 1.76 ns
Sulcus sign® 1.12 1.08 ns

% Not statistically significant.

b Numerie clagsification (mean) achieved by assigning a2 num-
ber (1 to 3} to the corresponding manual translation grades {I to
TH) for anterior and posterior humeral head translation.

¢ Mumeric classification (mean) achieved by assigning a num-
ber (1 to 3) to the corresponding grades (0 to 2) for sulcus sign
{esting,

“ Not statistically|significant.
ifipation (mean) achieved by assigning a num-
esponding manual translation grades (I to
Iil} for anférior and]posterior humeral head transliation,

¢ Numeric classififation {mean) achieved by assigning a num-
ber (1 to 3) to the esponding grades (0 to 2) for sulcus sign
testing.

with the nondominant shoulder, 4) external rotation in
the scapular pland was significantly increased in the dom-
inant shoulder coripared with the nondominant shoulder,
and 5) internal rqtation was significantly greater in the
nondeminant shqulder compared with the dominant

shoulder. Howev
meral laxity, incl
and the sulcus si
tween shoulders.
Significant findj

, total range of motion and glenchu-
hding anterior laxity, posterior laxity,
b were not significantly different be-

ngs in the nonthrowing group were as

follows (Table 2):
the nondominant

) inereased internal rotation at 90° for
houlder compared with the dominant

shoulder, and 2) icreased external rotation in the scapu-
lar plane for the ominant shoulder compared with the

nondominant sho
ences in humeral |
total motion, extei

lder. There were no significant differ-
head retroversion, glenoid retroversion,
rnal rotation at 90° or in the scapular

plane between shpulders, and internal rotation at 90°,

anterior laxity, pd
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shoulders.
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pared the significant findings were as follows (Table 3): 1)
hurperal head retroversion in the dominant shoulder was
significantly greater in the throwing group than in the
nonthrowing group, 2) dominant shoulder external rota-
tion at 90° was significantly greater in the throwing group
than in the nenthrowing group, 8) nondominant shoulder
external rotation at 90° was significantly greater in the
throwing group than in the nonthrowing group, 4) domi-
nant and nondominant shoulder external rotation in the
scapular plane was significantly greater in the throwing
group than in the nonthrowing group, and 5) total motion
was greater in the dominant and nondeminant shoulders
for the throwing group than in the nonthrowing group.

The important nonsignificant finding was that humeral
head retroversion was not statistically significantly differ-
ent between the nondominant shoulders of the throwing
group and the nondominant shoulders of the nonthrowing
group. Other nonsignificant findings included no differ-
ence between the dominant and nondeminant shoulders
in glenoid retroversion, anterior laxity, posterior laxity,
suleus sign, and internal retation at 90°.

DISCUSSION >

The shoulder joint is a complex biomechanical unit with
glenohumeral stability that is dependent on both soft tis-
sue and osseous components. Numercus authors have
studied the role of humeral head retroversion with respect
te anterior dislocation and subluxation, posterior disloca-
tion and subluxation, shoulder range of motion, osteoar-
thritis, replacement arthroplasty, and other pathologic
conditions. ™ 1# 21242129 1y the throwing athlete, the
shoulder performs at the extremes of glenohumeral mo-
tion. The goals of this study were to provide objective data
for range of motion, laxity, and humeral head and glencid
retroversion between the dominant and nondominant
shoulders of a population of elite throwing athletes and a
control-matched athletic population nat involved in over-
head throwing sports. Our study differs from previous
studjes in which attempts were made to quantify humeral
torsion, in that we used CT scans instead of roentgeno-
grams.* 5 19:20.25.26 Mothods of study in which roentgen-
ograms are used introduce a small amount of error, which
is difficult to quantify.!® We believe that the use of CT
scans produces a more reliable and accurate measurement
of humeral head retroversion.

Our findings demonstrate that the increased external
rotation and decreased internal rotation in the throwing
shoulders of elite pitchers may not be primarily due to
increased anterior capsular laxity and posterior capsular
tightness, as has previously been postulated.’® Instead,
our data strongly suggest an important osseous contribu-
tion, specifically involving the humerus and glenoid.

Professional pitchers must be able to throw at tremen-
dous velocities and avoid injury to remain effective. Our
data show that in the throwing shoulder of pitchers there
Is an increase in humeral head retroversion that allows for
greater external rotation and less internal rotation as
compared with the nonthrowing shoulder. This anatomic
finding has been described recently in the litera-
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ture.> 2532 The tota] motion was the same in both gleno-
humeral joints, which implies that the arc of motion, while
the same value for each shoulder, was further externally
rotated or “spun back” on the dominant side.

One of the authors (KEW) has termed this consistent
range of motion between the shoulders of elite throwing
athletes the “total motion concept.”®® Namely, external
rotation and internal rotation at 90° of abduction are
added together to establish tota] motion. Clinically, we
have seen the overwhelming majority of pitchers exhibit
equal (within 5°) total motion when their shoulders are
compared bilaterally.

Additionally, we found that glenohumeral laxity was
not appreciably different side to side. This implies that the
static capsular restraints of the dominant and nondomi-
nant shoulders are essentially equal. We recognize that
although we found no gross difference in laxity, this does
not necessarily mean that absolutely no difference exists.
There was not enough statistical power in this study to
address very small differences in side-to-side laxity. Addi-
tionally, one of the limitations of our study was the known

Jnterobserver and intracbserver variability with clinical

examination grading in translation festing, However, our
finding of equal laxity in both shoulders has also heen
demonstrated by Ellenbecker et al.® Furthermore, Bigli-
ani et al.® reported that 61% of the professional pitchers in
their study (44 of 72) exhibited a suicus sign. Of those
pitchers who exhibited a sulcus sign, 9% (39 of 44) had
bilateral suleus signs. These studies are in agreement
with our findings that indicate laxity was equal bilaterally
in most subjects.

Because there is no difference in humeral head retro-
version in the nondominant shoulders of throwing and
nonthrowing athletes, it is plausible that the increase in
humeral head retroversion in the dominant shoulder is a
developmental process. Humeral head retroversion has
been shown to be subject to change during growth until
maturity is reached.*® Wolff®® postulated that bone
growth is wholly influenced by external stress. This type
of unilateral growth and adaptation to external stress has
been shown widely in the literature.’®*%2% Hyumeral tor-
sion has also been shown to be affected by muscular forces
alone.®'® Kanematsu et al. (unpublished data, 1996)
showed that muscle forces induced by excessive throwing
at a young age are more powerful than previously appre-
ciated. They reported displacements of the humeral epiph- -
ysis in Little League baseball pitchers that Ied to humeral
neck deformity and longitudinal growth disturbance. They
surmised that.the bone formation was caused hy repetitive
mechanical stress to the proximal humeral epiphysis dur-
ing growth. ' .

In a recent study by Pieper,®® a difference of 9.4° was
observed in glenohumeral retroversion between the domi-
nant and nondominant shoulders of 51 professional Euro-
pean handball players . Those players without chronic shoul-
der pain’ (N = 38) had a 14.4° difference in humeral
retroversion. Those players with chronic arm pain (¥ = 14}
had an average 5.4° decrease in humeral retroversion com-
pared with that measured in the dominant shoulder of
asymptomatic players. The authers conclusion was that

.
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those players who failed to “adapt” appropriately had a
greater chance of chronic shoulder problems. Our study
shows a 17.0° difference, on average, between the dominant
and nondominant shoulders of asymptomatic elite pitchers.
This would correspond to the 14.4° difference between the
dominant and nondominant shoulders in asymptomatic Eu-
ropean handball players previously described by Pieper.

We have postulated that baseball players, specifically
pitchers, must adapt with an increase in humeral head
retroversion in their dominant shoulder to reach an elite
level and to have a decreased chance of injury. It is im-
portant to note that there may be a window of opportunity
for this adaptation to occur before growth stops. Pitchers
who are pitching before the end of skeletal growth and
physeal closure may have the best chance to make this
adaptation and continue on to become an elite baseball
pitcher.

This developmental adaptation, humeral head retrover-
sion, effectively “pre-positions” the dominant hand in a
more externally rotated position than occurs in the con-
tralateral, nondominant arm. Stated otherwise, the in-
crease in glenohumeral retroversion allows for more ex-
ternal rotation before the shoulder is consirained by the
anterior eapsule and glenchumeral ligaments.® This may
allow a competitive edge in pitching, because for the same
amount of external rotation (which may relate positively
to pitch velocity) the arm with more humeral head retro-
version places less stress on the anterior capsulolabral
structures. It may therefore be thought of as a protective
adaptation that not only enhances performance bhut also
decreases the chance of injury. A study specifically corre-
lating humeral head retroversion to the incidence of injury
and to pitch velocity is underway. This should give us
more accurate information regarding the importance of
pitching in the “window of adaptation.”

It is important to note that we are certainly not espous-
ing wnrestricted pitehing at a young age. But we do advo-
cate a well-monitored, age-appropriate pitching program.
Our data imply that for the best chance of becoming an
elite pitcher, a player might find it beneficial to pitch early
in life and often, within the accepted parameters of safoty.
The concept of “saving my child’s arm” during Little
League with the intent to “pitch” the child when his arm
becomes stronger, in high school or even later, may lead to
unexpected results.

Ancther significant implication of this study involves
the clinical relevance of stretching the posterior capsule to
increase glenochumeral internal retation. On the basis of
this study, we believe that the loss of this internal rotation
is dve to an adaptive ossecus change. Furthermore,
stretching of the soft tissue is appropriate to maintain or
inerease internal rotation to help counter the tremendous
eccentric forces generated during the deceleration and
follow-through phases of throwing.®* However, the clini-
cian should approach joint mobilization techniques for the
posterior capsule with caution. Our findings indicate that
the posterior capsule in elite pitchers does not exhibit
tightness; thus treatment techniques to increase flexibil-
ity of the pesterior capsule may not be appropriate. How-
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ever, stretches that {arget the posterior contractile tissue
are appropriate and |should be performed.®™3?

We found an increase in humeral and glenoid retrover-
sion in the dominant shoulders of throwing athletes com-
pared with the nonqominant shoulder, as well as an in-
crease in external rotation at 90° and 45° of abduction and
a decrease in interngal rotation at 90°. Total motion and
laxity were not sighificantly different from side to side.
This study perhaps generates more questions than it an-
swers about the complex biomechanical interplay involved
in the elite throwindg shoulder. Questions that remain
include but are not limited to the following: 1) Does this
increased external rbtation provide a protective effect for
the shoulder by alloying more external rotation with less

_ stress on the anterior tissues at the glenohumeral joint, as

implied in previous studies?®® 2} Does this increased ex-
ternal rotation havd any relationship to increased pitch
velocity and, if so, what is the effect? 3) Is this increased
humeral head retroversion an adaptational or preexistent,
inherent feature of the anatomy? 4) If this retroversion
represents an adaptytion to throwing at a young age, what
influences affect this adaptation, and what is the time
course over which this adaptation oceurs? Current studies
at the American Spirts Medicine Institute, Birmingham,
Alabama, are underfay to address each of these questions
with the hope that we will continuae to expand cur under-
standing of the throwing shoulder.
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