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Internal Impingement in the Shoulder of the
Overhand Athlete: Pathophysiology, Diagnosis,
and Treatment
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ABSTRACT

The etiology of rotator cuff disease is multifactori-
al in nature. The process by which the articular sur-
face of the rotator cuff can become diseased sec-
ondary to direct abutment against the glenoid rim
and labrum has been termed internal impingement.
Damage to the undersurface of the rotator cuff can
occur from contact at the extremes of shoulder
motion and can increase secondary to adaptive
changes in bone and soft tissue. Diagnosis is
achieved in most instances by a thorough physical
examination. Adjunctive tests, particularly magnetic
resonance imaging, can increase the accuracy of the
diagnosis. If this disease is recognized early, nonop-
erative intervention may be successful. When nonop-
erative treatment fails, the use of arthroscopy for the
treatment of torn rotator cuff and labral tissue and
capsular laxity may be indicated to resolve symptoms
and restore the premorbid level of function.

The etiology of rotator cuff (RTC) disease has

been debated for decades. Each of the numerous

theories that postulate the causes of pain, inflam-
mation, and tears to the RTC has contributed
information on the pathogenesis of this disease.
The shoulder in the throwing or overhand athlete
has become an area of particular focus. Recent
dedication to unraveling the pathomechanics and
pathophysiology of the disease processes that
plague the overhand athlete has brought about a
greater undersnanding of shoulder function that
can be usefullv extrapolated in the treatment of
all individuals.

The articular surface of the RTC and greater
tuberosity has been shown to come in contact with
the posterior and superior glenoid rim and labrum
at the extremes of shoulder abduction and external
rotion.'* Walch and colleagues® have provided
clinical evidence that this contact, particularly in
the overhand-athlete population. can result in dam-
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age to the artcular surface of the RTC and glenoid
labrum. The internal impingement occurring on
the articular surface of the RTC has provided a ten-
able explanation for the posterior shoulder pain
commonly experienced by the overhand athlete.

HISTORICAL PERSPECTIVE

Bennett, in 1941, first recognized the devclop-
ment of chronic posterior shoulder pain as career
threatening in the thrower. His inital description
of the development of bony deposit and calcifica-
tion of the posteroinferior glenoid rim and capsule
led to the designation of this lesion as a Bennett's
lesion (Figure 1). However, he credited the devel-
opment of pain and the pain associated with this
lesion to be secondary to repetitive traction on the
posterior capsule and triceps tendon and to irrita-
ton of the axillary nerve from the bony deposit57

In 1977, Lombardo and colleagues* provided a
description of successful open treatment of posteri-
or shoulder lesions in 4 throwing athletes who com-
plained of pain in the posterior aspect of the shoul-
der in the late cocking phase of throwing. Posterior
capsule ossification and fibrous tissue formation
were noted in each case. All were successfully treat-
ed with open debridement of the bone and soft tis-
sue and posterior capsule repair. In the absence of
arthroscopy, concomitant changes on the humeral
head and RTC were not recognized. However, the

Figure 1. Bennett's lesion. Exostosis (arrow) formed on the
posteroinferior glenoid rim. :
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INTERNAL IMPINGEMENT IN THE SHOULDER

authors did hypothesize that the impingement of

the humeral head upon the posterior capsule and
rim of the glenoid during cocking could account
for the development of the signs and symptoms
encountered in the athletes.*

Andrews and colleagues,® in 1985, reported on a
series of athletes with confirmed tears to the artcular
surface of the RTC. All underwent arthroscopic
debridement of their lesions. In addition to tears of
the RTC, all individuals had tearing of some portion
of the glenoid labrum (either anterosuperior or pos-
-terosuperior). The suggested cause in these individu-
als was attridonal, secondary to the repetitive tension
overload of the RTC. The early establishment of
arthroscopy as a viable therapeutic and diagnostic
modality in the shoulder can be credited to the suc-
cessful outcomes of the individuals in this serjes.8

In 1989 Jobe and colleagues? presented a classifi-
cation system relating instability in the throwing
shoulder to the development of RTC disease. The
relocation test was suggested as a sensitive means of
eliciting occult anterior instability that leads to rota-
tor cuff disease.® According to Jobe,!? shoulder
pain during the apprehension maneuver that
resolves with a posteriorly directed force on the
humeral head is a positive test (Figure 2); anterior
shoulder pain occurs secondary to subacromial
impingement and posterior pain secondary to
internal impingement, !! Posterior pain that
resolved from the posteriorly directed force was
thought to result from decompression of the poste-
rior “kissing lesion, "!!

However, it was Walch and colleagues® who first
presented, in 1992, clinical evidence 1o support the
development of intra-articular sided tears to the
RTC as a direct consequence of internal impinge-

ment. The clinical link between posterior shoulder
pain, partial RTC tears, and internal impingement
was established by his series of 17 individuals with
undersurface tearing of the rotator cuff treated
with arthroscopic debridement,

Figure 2, The reiccation test of Jobe. (A) The shoulder in
abduction and” maximum external rotatjion. (B) Posteriorly
directed force on the humeral head eliminates Symptoms of
pa;r; 1adxd apprehension. Reprinted with permission from Jobe
etal.

PATHOPHYSIOLOGY

The glenohumeral joint allows for motion in ajl
Planes; however, its geometry limits motions thag
occur in simple arcs. Full elevation cannot take
place with only coronal plane abduction with the
arm maintained in an internally rotated position,
Auempts at elevation with the arm internally rotat-
ed leads to abutment of the greater tuberosity
against the superior glenoid.! External rotation
during abduction moves the greater tuberosity pos-
teriorly, eliminating initial contact of the greater
tuberosity against the superior glenoid rim and
allowing for full abduction.!

Correlation between internal impingement and
the development of RTC pathology was first recog-
nized in throwers. The observation that repair of
anterior instability in the thrower reduced RTC
Symptoms, coupled with new anatomic, magnetic
resonance imaging (MRI) and arthroscopic data,
reenforced the correlation between instability and
RTC disease, 212-14 .

Jobe!® was responsible for a cadaveric study that
Provided evidence of distortion of the posterior
superior labrum and the inner fibers of the RTC in
a glenohumeral joint fixed in 60coof abduction and
maximum external rotation. This study was primar-
ily responsible for proving the contact of these
structures in nonthrowing individuals without evi-
dence of instability.

In an MRI study that evaluated the impingement
sign with the arm in full elevation and interna]
rotwtion, one individual was observed in the 90
abducted, externally rotated Position. All images
demonstrated deformation of the soft-tissue struc-
tures against the glenoid rim. In addition, all sub-
Jects experienced increasing discomfort after hold-
ing these positions for prolonged periods in the
MRI ganry 215

Four structures remain at risk with the arm in
the abducted, externally rotated position through
direct contact with each other: the greater tuberos;-

" Y, supraspinatus tendor, superior labrum, and

superior glenoid bone. The inferior glenohumeral
ligament (IGHL)is at risk through tension overload
(Figure 3).16

In the late cocking phase of throwing, the gleno-
humeral joint is in about 60° of abduction, maxi-
mum external rotation, and slight horizontal exter:-
sion. Passive restraint against this position of extreme
rotation is provided by the anterior portion of the
IGHL. Active restraint is Provided by a competent
subscapularis. Fatigue of the subscapularis and/or
failure of the anterior IGHL can result in painful
posterior glenohumeral impingement even prior to
the detection of significant instability (Figure 4).3
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Figure 3. (A) Cadaveric cross section and schematic with the arm in full elevation with contact of the rotator cuff and greater tuberosity
against the labrum and glenoid rim. (B) Diagrammatic representation: 1 = greater tuberosity; 2 = rotator cuff tendon; 3 = superior
labrum; 4 = infericr glenchumeral ligament: and 5 = superior glenoid bone. Reprinted with permission from Jope, 14

Although almost any individual may develop
internal impingement given development of suff-
cient laxity of the anterior capsule, weakness of the
RTC muscularure, repettive use of the shoulder in
extremes of rotation, and certain anatomical fac-
tors also may put some individuals at risk. Walch
and Colleagues'®1"18 suggested that decreased
retroversion in the proximal humerus might be a
risk factor for the refractory nature of symptoms in
some of those treated arthroscopically. Additional
factors that may contribute to the development of
impingement include excessive glenoid anteversion
and strength deficits in the periscapular muscula-
ture. Both excessive protraction and decreased ele-
vation of the scapula in the cocking phase and

Figure 4. Internal impingement in the late cocking phase of
throwing with entrapment of the articular surface of the rotator
cuff. Reprinted with permission from Walch et al,5

increased glenoid retroversion may lead to increas-
es in the compression between the posterior gle-
noid and humeral structures.

In the acute setting the same structures are also
at risk. Codman'? suggested a mechanism of injury
of the greater tuberosity that results in an isolated
displaced fracture from shearing of the tuberosity
over the superior glenoid rim. Jobe!* has also pre-
sented an expanded spectrum of the disease
process bv reporting cases of acute RTC tears, supe-
rior labral tears, tuberosity fractures, and anterior
Bankart lesions from injury with the shoulder in
the elevated position.

EVALUATION

History

A wpical pattern of. symptoms may be elicited.
from the individual experiencing onset of SYmpto-
matc internal impingement. Jobe's classification of
glenoid impingement in the thrower describes
three stages of disease progression.?

Stage [ disease is present in individuals who pre-
sent at the earliest onset of symptoms. These ath-
letes will complain of stiffness and a prolonged dif-
ficult period of warm-up. They often complain of
discomfort in the late cocking and early accelera-
tion phases of their motion but are unable to local-
ize their pain. Pain is not present with activities of
dail}-' li\ing (ADL). Stage II and [II disease are both
characterized by the clear localization of pain in
the posterior aspect of the shoulder in the late
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