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Ihe shoulder, by combining the actions across the glenohumeral
scapulothoracic, acromioclavicular, and sternoclavicular joints,
provides an extraordinarily wide range of functional versatility
to the upper extremity. Such versatility is apparent when

considering the large amplitude of movement required to reach with
the hand far overhead or behind the back. Seldom mentioned is the
amazing potential of the shoulder, contingent on proper training, to
combine this amplitude of movement with sufficient strength, speed,

and coordination to precisely throw a
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kin per hour (85 miles
per hour) to a defined target, or to pro-
pel Olympic swimmers through the pool
at incredible speeds. Equally impressive
is the ability of the shoulder not only to
move the arm in space and against resis-
tance but to move the body when the arm
is held firmly fixed to an external object,
as seen in many of the routines performed
in gymnastics (eg, pommel horse, still
rings, floor exercise). While few aspire to
such prowess, we all require various com-
binations of shoulder mobility, strength,
and dexterity to attend to our daily work
and leisure activities.

As physical therapists, we marvel at
the complexity, strength, and agility of
movements performed by the healthy

shoulder. At the same time, however, we
are called upon to treat a large number
of patients with shoulder pain and dys-
function. These patients are remarkably
diverse, including older individuals re-
quiring shoulder function to attend to
casual daily activities, recreational or
elite athletes participating in a variety of
sports, and persons across the full range
of occupations demanding repetitive or
occasional use of their upper extremities.
As reflected by the encrmous volume of
published literature devoted to the topic,
the evaluation and treatment of shoulder
pain or dysfunction represents a source of
both excitement and challenge. Our ex-
citement is fueled by the new knowledge
acquired over the past few years that has
led to better clinical outcomes. But, given

the anatomic and biomechanical com-
plexity of the shoulder region, we contin-
ue to be challenged to further refine our
diagnostic and intervention techniques.

In this special issue of the Jowrnal,
we have assembled some of the leading
clinical and research authorities on the
rehabilitation of the shoulder to share
their expertise, insights, and clinical
pearls. Specific topics include the full
range of shoulder mobility dysfunctions
from frozen shoulder to congenital inst
bility. There are also papers on a trio of
subacromial pathologies often diflicult
to differentiate, which often coexist with
abnormal shoulder mobility: Iong head of
the biceps, rotator cull, and SLAP lesions.
An additional 2 manuscripts provide an
update on our current understanding of
strengthening exercises for the shoulder
musculature and of the scapulothoracic
joint as it relates to shoulder function
and pathologies. Information shared in
this special issue should be relevant to the
full spectrum of patients with shoulder
pathologies, and we express our sincere
appreciation to all the contributors.

We hope you enjoy this special issue
on the shoulder. 4:
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_ " vague, nonspecific term
=2 which actually represents a
wide spectrum of clinical
~—# pathologies, ranging from
gross instability to subtle subluxaton.
Patients exhibiting shoulder instabil-
ity are commonly encountered by
| therapists, athletic trainers, and physi-
Il cians in both the general orthopaedic
i and sports medicine population. Of
ten, an appropriate clinical diagnosis
i is difficult due to the excessive
! armount of capsular laxity normally
|| seen and appreciated during clinical
| examination of the glenohumeral
Il joint. Clinicians may become per-
|| plexed when attempting to deter-

‘ i mine the amount of normal accept-
Il able laxity vs. pathological ligamen-
] tous laxity. The purpose of this paper
| is to discuss current concepts related
) to the anatomic stabilizing structures
* of the glenohumeral joint.

1 The glenohumeral joint is inher-
| ently unstable and exhibits the great-
'+ est amount of motion found in any
il joint in the human body (116). Addi-
Il tionally, the glenohumeral joint is

Il the most commonly dislocated major
| joint in the human body (20,47).

i Thus, the shoulder joint sacrifices

Il stability for mobility. Although the

| glenohumeral joint exhibits signifi-
cant physiologic motion, only a few
millimeters of humeral head displace-
ment occur during these movements
in the normal individual (1,35,36,40,
75,76,103). Conversely, on clinical
examination, Matsen et al (55) have

ey

| Current Concepts: The Stabilizing Structures of
| the Glenohumerali joint

Significant contemporary advances have-permitted & more comprehensive understanding..
and development of some interesting concepts about the glenohumeral joint. The purpose of this
review paper was to discuss current concepts related to the anatomic stabilizing structures of the
shoulder joint complex and their clinical relevance to shoulder instability. The clinical syndrome of
shoulder instability represents a wide spectrum of symptoms and signs which may produce various
levels of dysfunction, from subtle subluxations to gross joint instability. The glenohumeral joint
attains functional stability through a delicate and intricate interaction between the passive and
active stabilizing structures. The passive constraints include the bony geometry, glenoid labrum,
and the glenohumeral joint capsuloligamentous structures. Conversely, the active constraints, also
referred to as the active mechanisms, include the shoulder complex musculature, the proprio-
ceptive system, and the musculoligamentous relationship. The interaction of the active and passive
mechanisms which provide passive and active glenohumeral joint stability will be thoroughly

discussed in this paper.

Key Words: glenohumeral joint, anatomy, instability
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demonstrated excessive passive dis-
placement (10 mm inferiorly and 8
mm anteriorly) in normal asymptom-
atic shoulders. Therefore, stabiliza-
tion of the humeral head within the .
glenoid is accomplished through the
combined efforts of the ligamentous
structures and the surrounding shoul-
der musculature.

Matsen et al have defined insta-
bility as a clinical condition in which
unwanted translation of the humeral
head on the glenoid compromises
the comfort and function of the
shoulder (55). Conversely, laxity re-
fers to the ability of the humeral
head to be passively translated on the

glenoid fossa (55). The amount of
translation that is “normal” for any
given individual varies (85,37). Rela-
tive laxity may exist without the ac-
companying symptoms of instability.
Harryman et al, in an in vivo assess-
ment of glenohumeral translation,
noted wide variations in anterior,
posterior, and inferior translation
among normal individuals (35).
These findings were reconfirmed re-
cently by Wuelker et al (117), who
also reported wide variations in trans-
lations in cadaveric shoulders.
Despite the individual differences
noted in passive translation, the
pathomechanical condition that uni-
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INVITED CLINICAL COMMENTARY

NON-OPERATIVE REHABILITATION FOR
TRAUMATIC AND ATRAUMATIC
GLENOHUMERAL INSTABILITY

Kevin E. Wilk, PT, DPT®
Leonard C. Macrina, MSPT?
Michael M. Reineld, PT, DPT, ATC?

ABSTRACT

Glenohumeral joint instability is a common
pathology encountered in the orthopaedic and
sports medicine setting. A wide range of sympto-
matic shoulder instabilities exist ranging from
subtle subluxations due to contributing congenital
factors to dislocations as a

result of a traumatic
of the unstable shoulder

TABLE, Seven key factors o consider in the rehabilitation

INTRODUCTION
Shoulder instability is a common pathology often
seen in the orthopaedic and sports medicine set-
ting, The glenohumeral joint allows tremendous
amounts of joint mobility to function, thus, making
the joint inherently unstable and the most fre-
! quently dislocated joint in
the body.! Due to the joint’s
POOT 0SSE0US CONgruency

episode. Non-operative
rehabilitation is utilized in
patients diagnosed with
shoulder instability to
regain their previous func-
tional activities through
specific strengthening exer-
cises, dynamic stabilization

1. Onset of the pathology

7. Premorbid activity level

2. Degree of instability — subluxation vs. dislocation
3. Frequency of dislocation ~ chronic vs. acute

4, Direction of instability — anterior, posterior, multidirectional
5. Concomitant pathologies

6. End range neuromuscular conirol

and capsular laxity, it great-
" ly relies on the dynamic
stabilizers and neuromuscu-
lar system to provide
functional  stability.2
Therefore, differentiation
between normal translation
and pathological instability

drills, neuromuscular train-
ing, proprioception drills,
" scapular muscle strengthening program and a
gradual return to their desired activities. The spe-
cific rehabilitation program should be varied based
on the type and degree of shoulder instability pres-
ent and desired level of function. The purpose of
this paper is to outline the specific principles asso-
ciated with non-operative rehabilitation for each of
the various types of shoulder instability and to dis-
cuss the specific rehabilitation program for each

pathology type.

Keywords: Dynamic stabilization, neuromuscular
control, shoulder joint

& Champion Sports Medicine
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is often difficult to deter-

mine. A wide range of
shoulder instabilities exist from subtle subluxations
to gross instability. - Often the success of the reha-
bilitation program is based on the recognition and
treatment program designed to treat the specific
type of instability present. .

Non-operative rehabilitation is often implemented
in patients diagnosed with a variety of shoulder
instabilities. These instability patterns can range
from congenital multidirectional instabilities to
traumatic unidirectional dislocations. We have
classified glenohumeral joint instabilities into two
broad categories: traumatic and atraumatic. Based
on the classification system of glenohumeral
instability, as well as several other factors, a nor-
operative rehabilitation program may be
developed. The purpose of this paper is to discuss
and overview these factors along with the nor-
operative rehabilitation programs for the various
types of shoulder instability in order to return the
patient to their previous level of function.




The Physical Examination of the Glenohumeral
joint: Empnasis on the Stabilizing Structures

Kevin E. Wilk, PT'
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of patients whose com-
plaints suggest subtle to
moderate shoulder insta-
e, bility can be extremely
d]f_ﬁcult Often, the clinical diagnosis
of instability is difficult because of
the normal amount of capsular laxity
appreciated during clinical examina-
tion. Clinicians may be challenged
when attempting to determine the
amount of normal acceptable liga-
mentous laxity compared with patho-
logic excessive laxity. Additionally,
there are few published papers in

{ which specific physical examination

tests used to determine glenohumeral
instability are thoroughly described.
The purpose of this paper is to dis-
cuss and illustrate the subjective his-
tory and physical examination of the
glenohumeral joint. An additional
purpose is to present specific stability
assessment tests to evaluate the gleno-
humeral joint and identify the spe-
cific anatomic structures injured.
The stability assessment maneu-
vers discussed in this paper have
been developed and based on recent
research in the area of arthrokine-
matic motions (5,13,16,34) and se-
lected ligamentous cutting studies
which determined the primary and
secondary restraints to directional
translations of the glenohumeral
joint (5,6,9,11,24,25,27,28,89,40). Be-
fore discussing the physical examina-
tion and assessment of static stability,
we will discuss the importance and

380

g he physical examination

Thorough descriptions of specific physical examination tests used to determine gleno-
humeral instability are lacking in the scientific literature. The purpose of this paper was to discuss
the importance of the subjective history and illustrate the physical examination of the gleno-
humeral joint. Additionally, the authors will illustrate specific stability assessment tests for the
glenohumeral joint based on current basic science and clinical research. The physical examination
of a patient whose history suggests subtle glenohumeral joint instability may be extremely difficult
for the clinician due to the normal amount of capsular laxity commonly present in most
individuals. An essential component of the physical examination is a thorough and meticulous
subjective history which includes the mechanisms of injury and/or dysfunction, chief complaint
level of disability, and aggravating movements. The physical examination must include an
assessment of motion, static stability testing, muscle testing, and a neurologic assessment. A
comprehensive understanding of various stability testing maneuvers is important for the clinician to
appreciate. The evaluation techniques discussed in this paper should assist the clinician in
determining the passive stability of the glenohumeral joint.

Key Words: glenohumeral joint, instability, assessment
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clinical relevance of a thorough sub-
jective history.

SUBJECTIVE HISTORY

Before any clinical physical exam-

ination can be performed, a thor-
ough and meticulous subjective his-
tory must be obtained. Several key
facts play a major role in establishing
a diagnosis of shoulder instability.
One of the first questions asked is
the patient’s age and activity level.
Age is important because it suggests
the type of pathology present. In

most cases, shoulder instability pa-
tients will be younger than 30 years
of age (15). Conversely, patients in
or above their fourth or fifth decade
of life most often exhibit rotator cuff
pathology (15). The patient should
be questioned in regard to how this
condition has affected their daily ac-
tivities and sports. In addition, the
patient’s general health, occupation,
hand dominance, sports, and leisure
activities should all be documented.
Next, establish the patient’s chief
complaint (Why is he/she here to-
day?). Additionally, when and how
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Rehabilitation Following Thermal-Assisted
Capsular Shrinkage of the Glenohumeral

Joint: Current Concepts

Kevin E. Wilk, PT123
Michael M. Reinold, PT'?
Jeffrey R. Dugas, MD*
James R. Andrews, MD*®

Glenohumeral joint instability is a common pathology observed in the orthopedic and sports
medicine settings. Overhead athletes often exhibit a certain degree of acquired laxity that can lead
to various pathologies. Unfavorable results often observed with traditional open procedures 1o
correct instability in the overhead athlete have led to the development of arthroscopic
thermal-assisted capsular shrinkage (TACS). TACS is not commonly used as an isolated procedure
in overhead athletes; various procedures are often performed concomitantly. The overall outcome
greatly depends on a postoperative rehabilitation program that must be assessed and adjusted
frequently based on several factors. Knowledge of the basic science of TACS as well as emphasis
on dynamic stabilization, proprioception, and neuromuscular control are vital to the rehabilitation
program for overhead athletes. The purpose of this paper is to discuss the basic science and
clinical application of thermal-assisted capsular shrinkage of the glenohumeral joint as well as the
postoperative rehabilitation for the overhead athlete and the patient with congenital laxity and
related multidirectional instability. J Orthop Sports Phys Ther. 2002;32:268-292.

Key Words: dynamic stabilization, glenohumeral instability, neuromuscular
control, overhead athlete, SLAP lesions

nstability of the glenohumeral joint is a common pathology ob-
served by clinicians in the orthopaedic and sports medicine set-
tings. Shoulder instability encompasses a wide spectrum of condi-
tions ranging from subtle subluxations to gross instability. Some
=== individuals appear to have congenitally increased elasticity of the
glenohumeral joint capsule, often presenting with instability in more
than one direction (ie, multidirectional instability). In contrast, over-
head athletes tend to exhibit acquired laxity of the shoulder joint cap-
sule due to the repetitive stresses and excessive motions necessary to
perform their overhead sport, which may be superimposed upon a
small degree of congenital laxity. In particular, high-level overhead
throwers often present with tremendous amounts of shoulder motion,
in particular external rotation.>”%%%8% Crockett et al'® observed that
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* Orthopaedic surgeon, Alabama Sparts Medicine and Orthopedic Center, Birmingham, AL.

? Medical director, Tampa Bay Devil Rays Baseball Organization, Tampa Bay, FL.
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overhead athletes exhibit in-
creased humeral retroversion of
the dominant shoulder as com-
pared to the nondominant shoul-
der. Therefore, acquired laxity in
the overhead athlete may be the
-result of the combination of soft
tissue changes (capsular) and os-
seous adaptation.'’ This acquired
laxity can often lead to a variety ¢
symptoms, such as internal im-
pingement, labral lesions, rotator
cuff lesions, and instabil-

iy, 8243458

Traditional open procedures to

correct acquired laxity in the ove:
head athlete often result in urfa-
vorable failure rates due to
overconstraint (tightrness) of the
glenohumeral joint cap-

sule 326:31.42 Also, the consequent
postoperative loss of motion may
not allow the athlete’s shoulder to
generate the rotational torque re-
quired to throw at a high level.
Recent technological advances
have led to the development of a
procedure to arthroscopically ap-
ply thermal energy to the joint
capsule, selectively shrinking the
capsular tissue. Thus, the
glenohumeral joint capsule may
be shrunk in one isolated region,
such as the anterior band of the
anterior-inferior glenohumeral
Joint capsule, or shrinking the en-
tire capsule can be done, Despite
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Current Concepts in the Scientific

and Clinical Rationale

Behind

Exercises for Glenohumeral and
Scapulothoracic Musculature

1e biomechanical analysis of rehabilitation exercises has
gained recent attention. As our knowledge of specific muscle
biomechanics and function has increased, we have seen
a gradual progression towards more scientifically based
rehabilitation exercises. Several investigators have sought to describe
common rehabilitation exercises using kinematics, kinetics, and
electromyographic (EMG) data in an attempt to better understand the
implications of each exercise on the soft tissues of the glenohumeral
and scapulothoracic joints.

the biomechanical factors of rehabilita-
tion have led to the enhancement of

to emphasize the necessity of evidence-
based practice, few studies have been

rehabilitation programs that seek conducted to determine the efficacy

of specific shoulder rehabilitation
exercises. Thus, knowledge of
anatomy, biomechanies, and fune-

tion of specific musculature is eriti-

o facilitate recovery, while plac-
ing minimal strain on specific
healing structures.

Though the flelds of orthope-
dics and sports medicine have evolved

cal in an attempt to develop the most

programs The purpose of thls paper is to prowde i
+the clinician with a thorough overview of the avail-
able literature relevant to develop sale effective,
and appropnate exercise programs for injury. -
rehabilitation and preventlon ol lhe glenohumeral :
and scapulothoracxc joints.

S The hlomechamcal analysis of re-
habllltahon EXercises has led to'more scientifically
based rehabilitation programs Several investiga-
tors have sought to quantify the biomechanics and :
electromyographic data of common rehabilitation -
exercises inan attempt to fully understand their o
chmcal mdlcahons and Usefilness. Furthermore,
the effect’ of pathology n;normal shoulder hio=+:
mechanics has beel ‘documented: ltis lmportanl :

‘1o consuder the anatomlcal blomechanlcal and it £ el
chnlcal lmphcahons when desngnmg exermse :

ectromyography; mfrasplnalus .
/serratus antenor suprasp:nal‘us frapezms

Advances in the understanding of

advantageous rehabilitation programs.
The purpose of this paper is to provide
an overview of the biomechanical and
clinical implications associated with the
rehabilitation of the glenohumeral and
scapulothoracic joints. We will review
the function and biomechanics of each
muscle, with specific emphasis on many
commonly performed rehabilitation ex-
ercises. The goal of this is to provide the
clinician with a thorough overview of the
available information to develop safe,
potentially effective, and appropriate ex-
ercise programs for injury rehabilitation

ROTATOR CUFF MUSCLES

HE ROTATOR CUFF HAS BEEN SHOWN
to be a substantial dynamic stabiliz-
er of the glenohumeral joint in mul-
tiple shoulder positions.** Appropriate
rehabilitation progression and strength-

ening of the rotator cull muscles are
important to provide appropriate force
to help elevate and move the arm, com-
press and center the humeral head within
the glenoid fossa during shoulder move-
ments (providing dynamic stability), and
provide a counterforce to humeral head
superior translation resulting from del-

!Coordinator of Rehabilitation Research and Education, Department of Orthopedic Surgery, Division of Sports Medicine, Massachusetts General Hospital, Boston, MA; Rehabilitation
Coordinator/Assistant Athletic Trainer, Boston Red Sox Baseball Club, Boston, MA. 2Professor, Department of Physical Therapy, California State University, Sacramento, Sacramento,
CA. 3Clinical Director, Champion Sports Medicine, Director of Rehabilitative Research, American Sports Medicine Institute, Birmingham, AL. Address correspondence to Dr Michael
M. Reinold, Rehabilitation Coordinator/Assistant Athletic Trainer, Boston Red Sox Baseball Club, Fenway Park, 4 Yawkey Way, Boston, MA 02215, Email: myeinold@redsox.com
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Rehabilitation After Rotator Cuff Surgery

KeviN E. Wik, P.T.
HEALTHSOUTH Rehabilitation Corporation
Birmingham, Alabama, U.S.A.

HEeBER C. CROCKETT, M.D.
Trails West Orthopaedic & Sports Medicine Center

Kearney, Nebraska, U.S.A.

JAMES R. ANDREWS, M.D.
Department of Orthopaedic Surgery
University of Alabama ar Birmingham
Birmingham, Alabama, U.5.A.

The surgical repair of a torn rotator cuff is performed
to decrease pain, increase function, and improve
range of motion (27). Postoperative rehabilitation afier
rotator cuff repair appears to play a sicnificant role in the
ultimate outcome. Postsurgical care should strike a bal-
ance among restrictions to allow for tissue healing, ac-
tivities to restore motion, and gradual restoration of mus-
cular strength and function. Often residual postoperative
pain and stffness remain despite an adequare surgical
repair (17). Frequently, shoulder surgeons are concerned
about initiating voluntary shoulder muscle contractions
for fear of deleterious effects at the repair site. Because
of these concerns, a common postoperative rehabilitation
regimen has been advocated ‘that allows only passive
range of motion for the first 6 1o § weeks, then gradually
allows active motions, with full active motion at 12
weeks after surgery (30). In our opinion, a conservative,
patient-directed rehabilitation approach often leads to
joint stiffness, muscular weakness, and prolonged reha-
bilitation. Gore et al (17) noted that residual postopera-
tve pain and stiffness may exist despite an adequite
repair. Warner and Greis (48) reported that a loss of
passive motion is not uncommon after rotator cuff repair.

The surgical treatment of rotator cuff tears has
evolved in the past decade. With the advent of the ar-
throscopically assisted “mini-open” approach to treat
small- to large-sized rotator cuff tears, the shoulder sur-
geon is able to treat most rotator cuff tears with an ar-
throscopic assessment of the glenohumeral joint, fol-
lowed by an arthroscopic subacromial decompression

Address correspondence and reprint requests to Kevin Wilk, PT,
HealthSouth Sports Medicine and Rehabilimtion Center, 1201 11th
Avenue, Suite 100, Birmingham, AL 35205.

and a rotator cuff repair through a limited deltoid-
splitting approach (1,6,25,26,42,50). This type of surgi-
cal intervention has allowed a slightly more aggressive
rehabilitation approach. Furthermore, some shoulder ar-
throscopists have performed arthroscopic rotator cuff re-
pairs for small- to medium-sized tears (16.43,45). Other
shoulder surgeons, however, prefer the traditional open
rotator repair with acromioplasty described by Neer (30).
Rehabilitation after rotator cuff repair must be based on
several factors, one of which is the surgical approach.
Thus, all three surgical techniques dictate a dramatically
different postsurgery program.

The postsurgery rehabilitation program should vary
based on the surgical intervention. The primary goal of
the surgery and rehabilitation program is to restore the
patient’s shoulder function and to decrease pain. In this

L

paper, we will discuss the postoperative rehabilitation

FACTORS AFFECTING THE
REHABILITATION PROGRAM

Eight factors that significantly affect the postoperative
rehabilitation program are listed in Table 1. The first
factor concerns the type of surgical approach. In particu-
lar, patients who have deltoid muscle detachment or re-
lease from the acromion or clavicle or both, as in a tra-
ditional open rotator cuff repair, may not be able to
perform any active muscular contractions involving the
deltoid for 6 to 8 weeks. This is done to prevent the
avulsion of the deltoid muscle. Conversely, if a mini-
open procedure is performed, in which the deltoid
muscle is split vertically with the orientation of the del-
toid muscle fibers, we will allow mild deltoid muscular

128 Technigues in Shoulder and Elbow Surgery
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Open, Mini-open, and All-Arthroscopic
Rotator Cuft Repair Surgery: Indications
and Implications for Rehabilitation

otator cuff tears can lead to a variety of clinical manifestations, activity level, chronicity of tear, and
including debilitating shoulder dysfunction and impairment. ~ tear size. With rapidly advancing
ey - e o _ . , rgical t iques ¢ es of

I'he goal of rotator cuff repair is to eliminate pain and - surgical techniques and modes
. A . fixation, optimal rehabilitation

improve function with increased shoulder strength i o -
] T or following rotator cuff surgical
md range of motion (ROM). Optimal repair of the rotator cuff repair has become increasingly
includes achievement of high fixation strength, minimal gap & ~ important and challenging for the
formation and maintenance of mechanical stability under cyclic orthopedic surgeon and physical
loading, and proper healing of tendon to bone. In addition to adequate therapist. This article will address the
current trends in rotator cufl repair and
surgical repair, outcomes are dependent  rotator cuff repair is dependent on discuss the important postoperative
on appropriate rehabilitation. Successful ~ several variables, including surgical implications of open, mini-open, and
postoperative management following intervention method, patient age, all-arthroscopic cuff repair techniques.

OPEN ROTATOR CUFF REPAIR

HE FIRST ROTATOR CUFF REPAIR
B2 Was P:uOTﬁ’xt’fd 0y Dr Codman in
E 1911, utilizing an open technique.”
Further modifications were later pro-
posed by Neer in 1972 and included a
description of 5 fundamentals of open
rotator cuff repair technigues: (1) me-
ticulous repair of the deltoid origin, (2)
subacromial decompression, (3) surgi-
cal releases as necessary to obtain freely

lgoai of rotaior curf repalr is [0 ehm[nate pain and - -

‘:mpr"“e function with increased shw!der strengt h
and range of. motlon The clinical outcomes of -

the surglcal methods of rotator. cuff repalr (open
mini-open, and all- ar’[hroscoplc cuff repair) vary,
as each method prov;des an. array of advantages
and disadvantages. Altheugh the. open surglcal
techmque has long been consndered the gold
~standard of rotator cuﬁ repair, surgeons ares
,becommg more adept at decreasmg patlen’(

cafe mohon 1o allow optlmal tendon heahhg, yet o
‘mamtenance of joint moblllty with’ mlnlmal stress g
As the field of orthopedxcs and parhcularly,crotator

morbldlty through decreased surglcal trauma i < ‘cuff repair continues to develop with new technolo--

from an all-arthroscopic approach. In additiontoa ~~ &es. the patient, Phyfi“?'d'’fhfﬂfaP'St ﬁ“d:dOCtOF ‘ > Gotal
surgery specific rotator cuf rehabnlltat!on program,  need to work together to ensure optxm outcomes mobile muscle-tendon units, (4) secure
: and pa’nent satlsfachon i - transosseus fixation of the tendon to the

tuberosity, and (5) closely supervised re-
habilitation with early passive motion.”
Outcome studies of individuals who were
treated with an open rotator cuff repair
have revealed good to excellent results
in both functional improvement (75%-

shoulder supraspinatus
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Current Concepts in the Recognition and
Treatment of Superior Labral (SLAP) Lesions

Kevin E. Wilk, DPT

Michael M. Reinold, DPT, ATC, CSCS*
Jeffrey R. Dugas, MD?

Christopher A. Arrigo, PT, MS*
Michael W. Moser, MD?

James R. Andrews, MD®

Pathology of the superior aspect of the glenoid labrum (SLAP lesion) poses a significant challenge
to the rehabilitation specialist due to the complex nature and wide variety of etiological factors
assaciated with these lesions. A thorough clinical evaluation and proper identification of the extent
of labral injury is important to determine the most appropriate nonoperative and/or surgical
management. Postoperative rehabilitation is based on the specific surgical procedure as well as the
extent, location, and mechanism of labral pathology and associated lesions. Emphasis is placed on
protecting the healing iabrum, while gradually restoring range of mation, strength, and dynamic
stahility of the glenohumeral joint. The purpose of this paper is to provide an overview of the
anatomy and pathomechanics of SLAP lesions and review specific clinical examination techniques
used to identify these lesions, including 3 newly described tests. Furthermore, a review of the
current surgical management and postoperative rehabilitation guidelines is provided. | Orthap
Sports Phys Ther 2005,35:273-291.

Key Words: dynamic stability, glenohumeral, rehabilitation, shoulder

he mherendy complicated nature of injuries involving the

rior aspect of the glenoxd labrum can present a
al clinical ch
stricted function requires mtegrzmng the appropriate d1ag~
nosis, surgical management, and rehabilitation in a
coordmated effort. The advent of new arthroscopic techniques has
helped to provide a better understanding of normal labral anatomy,
capsulolabral anomalies, and the pathomechanics of conditions involv-
ing this structure. Likewise these techniques have also drastically
improved the surgical treatment options available to successfully address
these pathologies. Andrews et al® originally described the detachment of

lenge. Succes

return to
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the superior labrum in a subser of
throwing athletes in 1985. Later
Snyder et al*® introduced the term
SLAP lesion, indicating an injury
located within the superior labrum
extending anterior to posterior.
They originally classified these le-
sions into 4 distinct categories
based on the type of lesion
present, emphasizing that this le-
sion may disrupt the origin of the
long head of the biceps brachii*®
(Figure 1). Subsequent authors
have added additional classifica-
tion categories and specific sub-
types, further expanding on the 4

Grighmhy described caiego-
. s
ries.*®% Based on these subtle

differences in labral pathology an

-appropriate treatment plan may be

developed to adequately address
the specific pathology present.

In recent years it has become
clear that symptomatic superior
labral lesions and detachments
can be treated effectively with
either arthroscopic debridement
or repair, depending on the spe-
cific type of  pathology
present.!#3%#55165 e pelieve that
it is critical to carefully follow a
postoperative rehabilitation pro-
gram that has been based on an
accurate diagnosis that specifies
extent of superior labral pathology
to ensure a successful outcome.
The purpose of this paper is to
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Electromyographic Analysis of the Rotator
Cuff and Deltoid Musculature During
Common Shoulder External Rotation

Exercises

Michael M. Reinold, DPT, ATC'
Kevin E. Wik, PT?

Glenn S. Fleisig, PhD*

Nigel Zheng, PhD*

Steven W. Barrentine, MS>
Terri Chmielewski, PT, PhD®
Rayden C. Cody, MD’

Gene G. Jameson, MA®

James R. Andrews, MD®

Study Design: Prospective single-group repeated-measures design.

Objectives: To quantify electromyographic (EMG) muscle activity of the infraspinatus, teres minor,
supraspinatus, posterior deltoid, and middle deltoid during exercises commonly used to strengthen
the shoulder external rotators.

Background: Exercises to strengthen the external rotators are commonly prescribed in rehabilita-
tion, bt the ampunt of EMG activity of the infraspinatus, teres minor, supraspinatus, and deltoid
during these exercises has not been thoroughly siudied to determine which exercises would be
most effective to achieve strength gains.

Methods and Measures: EMG measured using inramuscuiar electrodes were analyzed in 10
healthy subjects during 7 shoulder exercises: prone horizontal abduction at 100° of abduction and
full external rotation (ER), prone ER at 90° of abduction, sianding ER at 90° of ahduction, standing
ER in the scapular plane (45" abduction, 30° horizontal adduction), standing ER at 0° of
abduction, standing ER at 0" of abduction with a towet roll, and sidelying ER at 0° of abduction.
The peak percentage of maximal voluntary isometric contraction (MVIC) for each muscle

¥ Coordinator of Rehabilitative Research and Clinical Education, Healthsouth Rehabilitation, American
Sports Medicine Institute, Birmingham, AL
2 National Direclor of Research and Fducation, Healthsouth Rehabilitation, American Sports Medicine
Institute, Birmingharm, AL
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8 Medical Director, American Sports Medicine Institute, Alabama Sports Medicine and Orthopedic Center,
Birmingham, AL
This study was approved by the American Spons Medicine Institute Institutional Review Board,
Birmingham, AL.
Address comespondence to Michael M. Reinold, Coordinator of Rehabilitative Research and Clinical
Education, Healthsouth Sports Medicine and Rehabilitation Center, American Sports Medicine Institute,
1201 Tith Avenue South, Suite 100, Birmingham, AL 35205. E-mail: michael.reinold@healthsouth.com
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was compared among exercises using a 1-way
repeated-measures  analysis  of variance
(P<.05).

Results: EMG activity varied significantly
among the 7 exercises. Sidelying ER produced
the greatest- amount of EMG activity for the
infraspinatus  (62% MVIC) and teres minor
(67% MVIC). The greatest amount of activity of
the supraspinatus {82% MVIC), middle deloid
{B7% MVIC), and posterior deltoid {88% MVIC)
was observed during prone harizontal abduc-
tion at 100° with full ER,

Conclusions: Results from this study provide
initial information to develop rehabilitation
programs. It also provides information helpful
for the design and conduct of future studies.
1 Orthop Sports Phys Ther 2004;34:385-394.

Key Words: dynamic stabilization,
infraspinatus, supraspinatus, teres mi-
nor

{he glenohumeral joint
exhibits the greatest
- amount of motion of
any articulation in the
human body, conse-

‘quently little inherent stability is

provided by its osseous configura-
tion.*? Functional stability of the
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Elrectromyographic Analysis of the Supraspinatus
and Deltoid Muscles During 3 Commcn

Rehabilitation Exercises
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Context: Investigators have observed electromyographic
(EMG) activity of the supraspinatus muscle and reported con-
flicting results.

Objective: To quantify EMG activity of the supraspinatus,
middle deltoid, and posterior deltoid muscles during exercises
commonly used in rehabilitation.

Design: One-factor, repeated-measures design.

Setting: Controlled laboratory.

Patients or Other Participants: Twenty-two asymptomatic
subjects (15 men, 7 women) with no history of shoulder injury
participated. ‘

Main Outcomes Measure(s): The dominant shoulder was
tested. Fine-wire EMG electrodes were inserted into the supra-
spinatus, middle deltoid, and posterior deltoid muscles. The
EMG data were collected at 960 Hz for analysis during maximal
voluntary isometric contraction (MVIC) and 5 repetitions of 3
exercises: standing elevation in the scapular plane (“full can™),
sianding elevation in the scapuiar piane with gienohumeral in-
ternal rotation (“empty can’), and prone horizontal abduction at
100” with glenohumeral external rotation (“prone full can™). We
calculated 1-way repeated-measures analysis of variance (P <
.05) and post hoc 2-tailed, paired t tests 1o dstect significant
differences in muscle activity among exercises.

.

Results: No statistical difference existed among the exercis-
es for the supraspinatus. The middle deltoid showed signifi-
cantly greater activity during the empty-can exercise (77 * 44%
MVIC) and prone full-can exercise (63 = 31% MVIC) than dur-
ing the full-can exercise (52 + 27% MVIC) (P = .001 and .017,
respectively). The posterior deltoid showed Qigniﬁcamly greater
activity during the prone full-can exercise (87 + 53% MVIC)
than during the full-can (P = .001) and the empty-can (P =
.005) exsrcises and cigniﬁcamiy reater activity during the emp-
ty-can exercise (54 * 24% MVIC) than during the full-can ex-
ercise (38 + 32% MVIC) ( .012).

Conclusions: While all 3 exercises produced similar
amounts of supraspinatus activity, the full-can exercise pro-
duced significantly less activity of the delioid muscles and may
be the optimal position to recruit the supraspinatus muscle for
rehabilitation and testing. The empty-can exercise may be a

geod exercise o recruit the middle deltoid muscle, and the

prone full-can exercise may be a good exercise to recruit the
posterior deltoid muscle.

Key Words: shoulder, dynamic stabilization, empty-can ex-
ercises, full-can exercises, prone full-can exercises, rotator cuff,
scaption

motion of any joint in the human body.! The rotator
cuff provides dynamic stability by compressing the hu-
meral head within the concave glenoid fossa during upper ex-
tremity motion, which is critical to normal functional activi-
ties.? This synergistic compressive force 1s necessary to effi-
ciently counteract the superiorly oriented force produced by

F l Yhe glenohumeral joint exhibits the greatest amount of

the larger muscle groups of the shoulder, such as the deltoid,
and maintain the centralized position of the humeral head
within the glenoid fossa during upper extremity movements.>-7
Pathologic lesions of the rotator cuff, particularly of the su-
praspinatus muscle, often develop because of an overuse or
traumatic injury. Any pathologic condition of the rotator cuff
may affect the ability of the rotator cuff to provide this com-
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Current Concepts in the Rehabilitation of
the Overhead Throwing Athlete

Kevin E. Wilk,*t PT, Keith Meister,: MD, and James R. Andrews,§|| MD
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ABSTRACT

The overhead throwing motion is an extremely skillful
and intricate movement that is very stressful on the
shoulder joint complex. The overhead throwing athlete
places extraordinary demands on this complex. Exces-
sively high stresses are applied to the shoulder joint
because of the tremendous forces generated by the
thrower. The thrower's shoulder must be lax enough to
allow excessive external rotation, but stable enough to
prevent symptomatic humeral head subluxations, thus
requiring a delicate balance between mobility and func-
tional stability. We refer to this as the “thrower’s para-
dox.” This balance is frequently compromised, which
ieads to injury. Numerous types of injuries may occur
to the surrounding tissues during overhead throwing.
Frequently, injuries can be successfully treated with a
well-structured and carefully implemented nonopera-
tive rehabilitation program. The key to successful non-
operative treatment is a thorough clinical examination
and accurate diagnosis. Athletes often exhibit numer-
ous adaptive changes that develop from the repetitive
microtraumatic stresses observed during overhead
throwing. Treatment should focus on the restoration of
these adaptations during the rehabilitation program. In
this article, the typical musculoskeletal profile of the
overhead thrower and various rehabilitation programs
for specific injuries are discussed. Rehabilitation fol-
lows a structured, multiphase approach with emphasis
on controlling inflammation, restoring muscle balance,
improving soft tissue flexibility, enhancing propriocep-

T Address correspondence and reprint requests to Kevin E. Wilk, PT,
HealthSouth Rehabilitation Corporation, 1201 11th Avenue South, Suite 100,
Birmingham, AL 35202.

No author or related institution has received financial benefit from research
in this study.
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tion and neuromuscular control, and efficiently return-
ing the athlete to competitive throwing.

The repetitive microtraumatic stresses placed on the ath-
lete’s shoulder joint complex during the throwing motion
challenge the physiologic limits of the surrounding tis-
sues. Frequently, alterations in throwing mechanics, mus-
cle fatigue, muscle weakness or imbalance, and excessive
capsular laxity may lead to tissue breakdown and injury.
These injuries frequently involve the glenohumeral cap-
sule, glenoid labrum, and the rotator cuff musculature.
It has been our experience that most injuries to the
thrower’s shoulder can be effectively treated with a proper
nonoperative rehabilitation program. Generally, the reha-
bilitation program consists of activity modification, flexi-
bility exercises, strengthening exercises, and a gradual
return to throwing activities. In part one of his “Current
Concepts” series, Meister ®* described a four-group classi-
fication system to categorize shoulder injuries in the over-
head throwing athlete. We will discuss the rehabilitation
program for each of the classifications. Bison and An-
drews'® have also offered a classification system for inju-
ries to the thrower’s shoulder. Each of these abnormalities
develops because of unique etiologic factors. On the basis
of these etiologic factors and the clinical examination, a
proper rehabilitation program can be developed for each
category. The key to effective treatment is a thorough
clinical examination and appropriate differential diagno-

sis. In this article, we will discuss a typical nonoperative

rehabilitation program for various shoulder injuries that
have been discussed in the previous two articles,

REHABILITATION OVERVIEW

Before the specifics of the rehabilitation program can be
discussed, a thorough understanding of the clinical exam-
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ABSTRACT

The throwing shoulder in pitchers frequently exhibits a
paradox of glenohumeral 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 retroversion
in relation to increased glenchumeral external rotation.
Glenohumeral joint range of motion and laxity along
with humeral head and glenoid version of the dominant
versus nondominant 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 shoulder in humeral head retroversion, glencid
retroversion, external rotation at 90°, and external
rotation in the scapular plane. Internal rotation was
decreased in the dominant shoulder. Total range of
motion, anterior glenohumeral 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 external rotation in

the scapular plane between shoulders, and no differ-.

ence in internal rotation at 90°, total motion, or laxity. A
comparison of the dominant shoulders of the two

*Presented at the 26th annual meeting of the AOSSM, Sun Valley, ldaho,
June 2000.
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2 Rolling Hills Road, Kearney, NE 68845.

No author or related institution has received any financial benefit from
research in this study. See "Acknowledgments” for funding information.
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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. Dynamic
stabilization of the glenchumeral joint is accomplished
through coordinated muscular activities coupled with lig-
ament and capsular restraints. Competitive overhead
throwing athletes perform at the extremes of glenchu-
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.

Most of the interest in shoulder instability and secondary
impingement has focused on the static stabilizers of the
shoulder, specifically the soft tissues. Many researchers
have investigated the role of excessive motion, capsular
laxity, and limited shoulder flexibility as possible etiologic
factors in instability and impingement.*-3:5-14.15.22,23,30 f,,_
idence exists that the dominant shoulder in throwing ath-
letes exhibits a unique and paradoxical glenchumeral range
of motion. Specifically, there is greater external rotation
and a loss of internal rotation when the dominant shoulder
is compared with the nondominant shoulder® 1% 15.22.28
The implication of this altered arc of motion is that a
physiologic adaptation of the dominant shoulder through
repetitive microtrauma leads to selective stretching of the
anterior capsule and tightening of the posterior capsule,
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Background: Altered moblility patterns in the throwing shoulders of professional baseball pitchers have been reported. Most
published reports examining glenohumeral laxity have not used an objective testing device.

Objective: Quantify and compare glenohumeral translation and rotational range of motion between the throwing and non-
throwing shoulders in professional baseball pitchers.

Study Design: Descriptive laboratory study.

Methods: Force-displacement and range of motion measures were performed bilaterally on 43 asymptomatic professional
baseball pitchers. Ultrasound imaging was used to measure glenohumeral translations under stressed and unstressed condi-
tions.

Resulis: No significant difference in translation was found between the throwing and nonthrowing shoulders. For both shoul-
ders, posterior translation (5.38 + 2.7 mm) was significantly greater (P < .001) than was anterior translation (2.81 = 1.6 mm).
External rotation in the throwing shoulder was significantly greater than that in the nonthrowing shoulder (P < .001), whereas
internal rotation in the throwing shoulder was significantly less than that in the nonthrowing shoulder (P < .001). The total arc of
rotation for the throwing shoulder was not significantly different than that for the nonthrowing shouider, and correlation coeffi-
cients were poor between rotational and translational range of mation in the throwing shoulder, ranging from r = 0.232 to 0.209

between variables.

Conclusion: No significant difference in glenohumeral translation exists between the throwing and nonthrowing shouiders in
asymptomatic professional baseball pitchers, posterior translation is significantly greater than anterior translation in the throw-
ing shoulders of professional baseball pitchers, and glenohumeral translation is not related to rotational range of motion in the
throwing shoulders of professional baseball pitchers.

Clinical Relevance: Altered mobility patterns in asymptomatic professional baseball pitchers may be due to factors other than

capsular adaptive changes.

Keywords: shoulder; force displacement; sonography; joint laxity; ligament

The throwing shoulder in the overhead-throwing athlete
has received considerable attention from individuals in
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the sports medicine and orthopaedic communities.
Numerous studies have examined and compared bilat-
erally humeral range of motion,*™%™?% uscular
strength,**%*% EMG activity,”® and biomechanics®? in
overhead-throwing athletes. Several authors have docu-
mented that the throwing shoulder exhibits significantly
more external rotation and significantly reduced internal
rotation when compared to the nonthrowing shoul-
der, MO0 Thace same studies also note that even
though the range of motion in the throwing shoulder is
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Postoperative Treatment Principles in the Throwing Athlete

Kevin E. Wilk, P.T.,*1 Michael M. Reinold, P.T.,% and James R. Andrews, M.D.7§

Summary: Rehabilitation plays a vital role in the ultimate functional outcome after
surgery in the overhead-throwing athlete. The ultimate goal of the postoperative
rehabilitation program is to return the athlete to unrestricted sport specific activities as
expeditiously and safely as possible while minimizing postsurgical complications.
Rehabilitation after surgical procedures to stabilize the throwing shoulder must allow
adequate healing time without allowing significant loss of motion to occur. Emphasis
is placed on immediate but restricted and controlled motion, as well as the develop-
ment of proprioception, neuromuscular control, and dynamic stabilization of the
glenohumeral and scapulothoracic joint. The rehabilitation program will vary based on
the unique characteristics and pathology of each patient, the specific surgical procedure
performed. and the healing rate of the soft tissues involved. All of these factors must
be considered when designing a postsurgical rehabilitation program for the overhead-
throwing athlete. This article discusses the postoperative rehabilitation principles for
the overhead athlete as well as specific programs used following thermal-assisted
capsular shrinkage, arthroscopic Bankart repairs, open anterior capsular shift proce-
dures, and glenoid labrum procedures. Key Words: Rehabilitation—Stabiliza-

tton—Thermal.

Rehabilitation plays a vital role in the ultimate func-
tional outcome after shoulder stabilization surgery in the
overhead-throwing athlete. The most significant chal-
lenge facing the clinician is the achievement of a delicate
balance between mobility and stability. The overhead-
throwing athlete must exhibit considerable glenohumeral
joint mobility and laxity to allow the extreme motions
necessary to throw effectively and without pain. The re-
habilitation specialist must restore enough motion to al-
low functional throwing drills but not excessive motion,
which may lead to a recurrence of instability.

The ultimate goal of the postoperative rehabilitation
program is to return the athlete to unrestricted sport-
specific activities. The process is gradual and requires
adjustments along the way. After shoulder stabilization
surgery, the emphasis is early guarded and restricted mo-
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tion, protected strengthening, and a functional rehabili-
tation program. There are several surgical procedures to
stabilize the thrower’s shoulder joint, and there are sig-
nificant differences among the rehabilitation programs
that follow each of these procedures. We discuss specific
rehabilitation programs for several of the most common
surgical procedures.

Rehabilitation following shoulder stabilization surgery
should proceed in a progressive and sequential fashion,
organized in multiple phases with each phase comprising
specific goals. The ultimate goal of the process is to
return the athlete to throwing activities as expeditiously
and safely as possible without complications. Probably
the most common complication following shoulder sta-
bilization surgery is loss of motion, particularly external
rotation (ER) after anterior stabilization.! This can result
in disastrous consequences for the overhead thrower.

The rehabilitation, programs we discuss are based on
several factors, including the type and classification of
the instability exhibited by the athlete (Table 1) and the
unique characteristics of the patient (Table 2). Thus,
classifying the patients into specific pathologic .and tis-
Sue categories may prevent some postoperative compli-
cations. Rehabilitation should be tailored to the indi-
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Study Design: Descriptive postoperative follow-up research.

Objectives: The purpose of this investigation was to describe the return-to-competition rate and
functional outcome of overhead athletes following arthroscopic thermal-assisted capsular shrink-
age (TACS).

Background: Traditional open procedures to correct instability in overhead athletes, such as
capsulolabral repairs and capsular shifts, have produced less-than-favorable results, which have
led to the development of TACS. Currently there are no long-term follow-up studies documenting
the efficacy of this procedure in groups greater than 31 subjects or for a time period greater than
27 months.

‘Methods and Measures: Two hundred thirty-one consecutive overhead athletes who due to symp-
toms of hyperlaxity had previously undergone a TACS procedure from 1997 to 1999 were selected
for inclusion in the study. During a 1-month period, 130 of these athletes (mean age = SD, 24 = 6
years; 113 male, 17 female) were contacted by phane for follow-up at a mean of 29.3 months
postoperatively (range, 15.4-46.6 months). Of the 130, 105 participated in baseball (80 pitchers),
14 in softball, 4 in football (quarterbacks), 4 in tennis, and 3 in swimming. Fifty-four (42%)
subjects were professional, 49 (38%) coilegiate, 16 (12%) high school, and 11 {8%) recreationa
athletes. One hundred twenty-three of the 130 (95%) underwent 1 or more concomitant
procedure(s) at the time of TACS. Most commonly performed were labral debridements (69%),
rotator cuff debridements {65%), and superior labral repairs {35%). Subjects who returned to
competition were retrospectively evaluated using a modified Athletic Shoulder Outcome Rating
Scale to subjectively assess pain, strength and endurance, stability, intensity, and performance.
Overall results were based on a 80-point scale with scores of 80 to 90 representing excellent, 50
to 79 good, 40 to 59 fair, and less than 40 poor results,

Results: One hundred thirteen out of 130 subjects (87%) returned to competition. Mean (SD)
time from surgery to return to competition was 8.4 + 4.6 months. Mean outcome score for all
subjects was 79/90; 75 (66%) subjects had excellent, 24 {21%) good, 11 (10%) fair, and 3 (3%)
poor result. The mean outcome score for males was 80/90 and for females was 70/90.
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rinkage of the
head Athletes:

D

o

Conclusions: The majority of overhead athletes
(87%} successfuily returned to competition fol-
fowing a TACS procedure with good-to-
excellent tong-term outcomes (88%). Based on
the results of this study, TACS of the
glenohumeral joint is a viable option for over-
head athletes with pathological instability. J
Orthop Sports Phys Ther 2003;33:455-467

Key Words: acquired laxity, baseball,
rehabilitation, shoulder, shoulder in-
stability

the overhead athlete

applies large forces
upon the shoulder
during the act of

throwing and various
other overhead sports. These high
forces occur at angular velocities
up to 7200°/s° In addition, the
overhead thrower exhibits exces-
sive shoulder range of motion and
soft tissue flexibility. In this popu-
lation, Wilk et al®’ reported the
average (xSD) shoulder external
rotation at 90° of shoulder abduc-
tion to be 129° = 9°. As a result of
the excessive joint forces, angular,
velocities, and range of motion,
shoulder injuries are common in
the overhead athlete.

One of the most common pa-
thologies treated by the sports
medicine team in the overhead
athlete is anterior microinstability.




Shoulder Injuries in the Overhead Athlete

he overhead throwing motion is a highly skilled movement
performed at extremely high velocity, which requires
flexibility, muscular strength, coordination, synchronicity,
and neuromuscular control. The throwing motion generates
extraordinary demands on the shoulder joint. 1t is because of these
high forces, which are repetitively applied, that the shoulder is the
most commonly injured joint in professional baseball pitchers.

body weight (BW) during the late cock-
ing phase, and there is a distraction force

equal to BW during the deceleration
phase.*® Consequently, throwing
requires a high level of muscle
activation, as indicated by the
electromyographic signal of the

During the throwing movement, tre-
mendous forces are placed on the shoul-
der joint at extremely high angular
velocities. The acceleration phase
of the pitch is the fastest move-
ment recorded and reaches a peak
angular velocity of 7250°/s.41* It
has been estimated that the an- shoulder musculature, which can
terior translation forces generated exceed 80% to 100% of the signal
when pitching are equal to one-half measured during a maximum voluntary

clinica examlnatxon and accurate dragnosrs
Rehaplluatlon foliows & structured, mumpnase o
approach ‘with emphasis on controlhng rnﬂamma—‘
:  tion, restoring muscles-balance, improving soft -
;trssueﬂexrbrhty enhancing proprioceptionand: -
“neurmuseular control, and efficiently returnrng ,
the athlete 10 competltlve throwing. Athletes often :
exhlbrt numerous adaptive changes that develop
from the repetrhve microtraumatic s’fresses oceur: =
‘ durmg overhead throwmg Treatment should '
include the restoratlon ot these adaptahons : ;

: The overhead throwrng motron Is
:extreme[y kiliful and intricate movement. When
‘pitching, the overhead throwmg athlete places

‘;‘extraordlnary demands.on the shoulder complex
‘subsequient to the tremendous forces that are gen-
‘erated. The throwers shoulder must beJax enough
*fo allow excessive external rotatron but stable o
'enough to prevent symptomatlc humeraihead 7
“subluxations; thus requiring a delicate: balance
“between moblllty and functional stabrlrty We reter
to this as the:“thrower's paradox This balance s
frequently comprom[sed and beheved toleadio
various types ofi 1n;urres to the surroundrng ’nssues
Frequently, injuries can be successfully treated.

wrth a well structured and caretully rmplemented

isometric contraction (MVIC).%* Lastly,
the thrower’s shoulder often exhibits
excessive motion and laxity. Wilk et al'®
stated that the thrower’s shoulder must
be “loose enough to throw but stable
enough to prevent symptoms.” Whether
the typical injury sustained to the throw-
er's shoulder is due to hyperlaxity or
capsular tightness is currently a contro-
versial topic of discussion. Shoulder pa-
thology can manifest as pain, diminished
performance (velocity and accuracy), ora
decrease in strength or range of motion.
The challenge for medical practitioners
is to determine the accurate differential
diagnosis, the cause of the injury, and the
most effective treatment plan based on
the identified pathology.

In this manuscript, we will discuss the
physical characteristic of the overhead
athlete, common p"rthologles seen, and

PHYSICAL CHARACTERISTICS

T IS IMPORTANT FOR THE CLINICIAN
to realize and appreciate the “typical”
physical characteristics of the over-
head thrower.

Most throwers exhibit an obvious motion
disparity, whereby shoulder external ro-
tation (ER) is excessive and internal rota-
tion (IR) is limited when measured at 90°

E-mail: kwilkpt@hotmail.com
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Biomechanics of the Overhead Throwing Motion

Kevin E. Wilk, P.T.,*1 Keith Meister, M.D.,T Glenn Fleisig, Ph.D.,:;E and

James R. Andrews, M.D.18

Summary: The throwing motion is a complex movement pattern that requires flex-
ibility, muscular strength, coordination, synchronicity of muscular firing, and neuro-
muscular efficiency. During the act of throwing, excessively high stresses are gener-
ated at the shoulder joint because of the unnatural movements frequently performed by
the throwing. The thrower’s shoulder must be flexible enough to allow the excessive
external rotation required to throw a baseball. The overhead throwing motion places
tremendous demands on the shoulder joint complex musculature to produce functional
stability. The surrounding musculature must be strong enough to assist in arm accel-
eration but must exhibit neuromuscular efficiency to produce dynamic functional
stability. During the act of pitching, the angular velocity at the shoulder joint exceeds
7,000° per second and has been referred to as the fastest human moyvement. Tremen-
dous forces are generated at the shoulder joint, at times up to one times body weight.
Because of these tremendous demands, at incredible angular velocities, various shoul-
der injuries may occur. An understanding of the biomechanics of throwing will assist
the clinician in the recognition of varjous injuries and their specific treatment ap-
proaches. In this paper, we discuss the biomechanics of the overhead throwing motion
for baseball as well as football. Key Words: Baseball—Biomechanics—Throwing—

Motion analysis.

The throwing motion is a complex movement patiern
that requires flexibility, muscular strength, coordination,
synchronicity of muscular firing, and neuromuscular ef-
ficiency. The overhead throwing athlete is a highly
skilled individual. During the act of throwing, exces-
sively high stresses are generated at the shoulder joint
because of the unnatural movements frequently per-
formed by the throwing. The thrower’s shoulder must be
flexible enough to allow the excessive external rotation
required to throw a baseball. However, the thrower’s
shoulder must be stable enough to prevent symptomatic
subluxations in the shoulder joint. Therefore, there ap-

From *HEALTHSOUTH Sports Medicine and Rehabilitation Cen-
ter, Birmingham, Alabama, and Physical Therapy Programs, Marquette
University, Milwaukee, Wisconsin; TDepartment of Orthopedics, Uni-
versity of Florida, Gainesville, Florida; $American Sports Medicine
Institute, Birmingham, Alabama; and §Alabama Sports Medicine and
Orthopedic Center, Birmingham, Alabama.

K.E. Wilk is Rehabilitation Consultant for the Tampa Bay Devil
Rays, Tampa Bay, Florida.

Send correspondence to Kevin E. Wilk, P.T., Birmingham Sports
Medicine, 1201 11th Avenue South, #200, Birmingham, AL 35205.
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pears to exist a paradox when describing the thrower’s
shoulder. The thrower’s shoulder must be loose enough
to throw, but stable enough to prevent humeral head
subluxation. Hence the thrower’s shoulder is in delicate
balance between mobility and stability.

The overhead throwing motion places tremendous de-
mands on the shoulder joint complex musculature to pro-
duce functional stability. The surrounding musculature
must be strong enough to assist in arm acceleration but
must exhibit neuromuscular efficiency to produce dy-
namic functional stability. During the act of pitching, the
angular velocity at the shoulder joint exceeds 7,000° per
second and has been referred to as the fastest human
movement.! Furthermore, tremendous forces are gener-
ated at the shoulder joint, at times up to one times body
weight. Because of these tremendous demands, at incred-
ible angular velocities, various shoulder injuries may oc-
cur. An understanding of the biomechanics of throwing
will assist the clinician in the recognition of various in-
juries and their specific treatment approaches. In this
paper, we discuss the biomechanics of the overhead
throwing motion for baseball as well as football.
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’Changes in Shoulder and Elbow Passive

Range of Motion After Pitching in
Professional Baseball Players

Michael M. Reinold,*™ PT, DPT, ATC, CSCS, Kevin E. Wilk,%' PT, DPT,

Leonard C. Macrina, MSPT, CSCS, Chris Sheheane,? ATC, Shouchen Dun,"' MS,

Glenn S. Fleisig," PhD, Ken Crenshaw," ATC, CSCS, and James R. Andrews," MD

From the 'Boston Red Sox Baseball Club, Boston, Massachusetts, *Massachusetts General
Hospital, Department of Orthopedics, Sports Medicine Division, Boston, Massachusetts,
SChampion Sports Medicine, Birmingham, Alabama, "American Sports Medicine Institute,
Birmingham, Alabama, Varizona Diamondbacks Baseball Club, Phoenix, Arizona,

and *Alabama Sports Medicine and Orthopedic Center, Birmingham, Alabama

Background: The overhead throwing athlete has unique range of motion characteristics of the shoulder and elbow. Numerous
theories exist to explain these characteristics; however, the precise cause is not known. Although it is accepted that range of
motion is altered, the acute effect of baseball pitching on shoulder and elbow range of motion has not been established.

Hypothesis: There will be a reduction in passive range of motion immediately after baseball pitching.
Study Design: Controlled laboratory study.

Methods: Sixty-seven asymptomatic male professional baseball pitchers participated in the study. Passive range of motion
measurements were recorded using a customized bubble goniometer for shoulder external rotation, shoulder internal rotation,
total-shoulder rotational motion, elbow flexion, and elbow extension on the dominant and nondominant arms. Testing was per-
formed on the first day of spring training. Measurements were taken before, immediately after, and 24 hours after pitching.

Results: A significant decrease in shoulder internal rotation {-9.5°), total motion (-10.7°), and elbow extension (~3.2%) occurred
immediately after baseball pitching in the dominant shoulder (P < .001). These changes continued to exist 24 hours after pitch-
ing. No differences were noted on the nondominant side.

Conclusion: Passive range of motion is significantly decreased Immediately after baseball pitching. This decrease in range of
motion continues to be present 24 hours after throwing. High levels of eccentric muscle activity have previously been observed
in the shoulder external rotators and elbow flexors during pitching. These eccentric muscle coniractions may contribute to acute
musculotendinous adaptations and altered range of motion. The results of this study may suggest a newly defined mechanism
to range of motion adaptations in the overhead throwing athlste resulting from acute musculoskeletal adaptations, in addition to
potential osseous and capsular adaptations. :

Keywords: overhead throwing athlete; glenohumeral joint; capsule; internal impingement

The unique range of motion (ROM) characteristics of the at 90° of abduction in the throwing shoulder, 16816182581
shoulder in overhead throwing athletes have been well Wright et al®® have documented a decrease in elbow exten-
defined "»#41618231 hoce studies have shown increased sion and flexion ROM in throwing athletes.

external rotation (ER) and decreased internal rotation (IR) Wilk et a1?! reported the shoulder passive ROM character-

istics in 372 professional baseball players. The authors
reported a mean of 129° + 10° of ER and 61° + 9° of IR in the

*Address correspondences to Michael M. Reinold, PT, DPT, ATC, CSCS,

Coordinator of Rehabilitation Research & Education, MGH Sports throwing shoulder at 90° of abduction. The authors noted
Medicine Center, Fenway Park, 4 Yawkey Way, Boston, MA 02215 (e-mail; that ER was 7° greater and IR was 7° less in the dominant
mreinold@redsox.com). arm when compared with the nondominant arm. The concept

No potential conflict of interest declared. of “total motion” was introduced in this article. Total motion
The American Journal of Sports Medicine, Vol, X, No. X is the total value of ER plus TR ROM (at 90° of abduction).
DO 10.1177/0363546507308935 : The authors noted that there was not a significant difference
© 2007 American Qrthopaedic Society for Sports Medicine in total motion bilaterally, despite alterations in ER and IR.
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The strength characteristics of internal and
external rotator muscies in professional

baseball pitchers

KEVIN E. WILK,*T$ PT, JAMES R. ANDREWS,t MD,
CHRISTOPHER A. ARRIGO,” MS, PT, ATC,

MICHAEL A. KEIRNS, MA, PT, ATC, AND

DONNA J. ERBER,” MA -

From "HEALTHSOUTH Sports Medicine & Rehabilitation and the tAmerican Sports Medicine

ABSTRACT

The purpose of this study was to establish a data base
regarding the isokinetic muscular performance charac-
taristics of the externalfinternal rotator musclés of
professional  baseball pfichers. One  hundred  fifty
healthy professional baseball pitchers were evaluated
by use of a Biodex isokinetic dynamomeater. The sub-
jects tested had a mean age-of 23.4 years and a mean
body weight of 199 pounds. Isokinetic tests were per-
formed concentrically.at 180 and 300 deg/sec for both
the throwing and nonthrowing shoulders. Testing pro-
cedures regarding-positioning and stabilization foliowed
established guidelines. The testing protocol and actual
test ;epetxtona were - standardized for each-subject.
Statistical analysis-was performed using the Pearson
Product Moment Correlation and paired t-tests. Deter-
mination of the correlation coefficient was made at the
P < 0.05 level of significance.

Test results for bilateral comparison of mean peak
torque for the throwing and nonthrowing shoulders
indicated no statistically significant difference between
the internal rotators at both test speeds, or for the
external rotators.-at 300 deg/sec. There was a signifi-
cant statistical difference at the 180 deg/sec test speed
for the external rotators.” The externalfinternal rotator
strength ratio indicated a 65% ratio at 180.deg/sec and
a 61% ratio at 300 deg/sec. Data were also colléctad
for mean peak. torque/body weight ratnos of the throw-
ing shoulder to establish a data base in professional
throwers.

I Address correspondence and rennimt requests o) Kevin £, Wik, FT,
Chnical Director, HEALTHSOUTH Sports Medicine & Rehabilitation, 1201 Eley-
enth Avenus Scuth, Suite 160, Bemingham, AL 35203,

61

Institute, Birmingham, Alabama

This study OffEiS clinical relevance in establishing a
muscle performance profile for the professional
thrower., This data base can therefore be used as
criteria that should be met before an injured pitcher can
be returned to throwing at the professzona baseball
level,

The dynamic stabilizers of the shoulder complex play an
important role in glenohumeral stabifization during the
throwing motion.™" These st ahﬂ 15 include the rotator
culf museulature (whpm\pmamp infraspinatus, teres
and suhscapularis), *}. ; and the long
biceps brachii muscles.

Staticaily, the glmuh\.m.eml joint is inherently unstable
because of the nermal confignration and composition of the
geometry and Hgamentous restraints of the joint. "' The
geometry of the joint, which is composed of the large humeral
head in the relatively smaller glennid atfords the
shoulder tremendous mobility at the expense of osseous
stabitity. Additionally, the ligamentous restraints (the gle-
nohumeral joint Lapsmﬁ and the hands of the anterior gle-
nohameral ligament} normally provide a moderate degree of
statie stabilivy, However, i the thrower, these restraints are
compromised because of the tremendous forees placed across
the jeint and the excessive motions required during throw-
ing. Thus, in the throwing athlete, static glenohumeral sta-
bilization i$ inadequate and the thrower must rely on the
neuromuscular components of the shoulder to provide dy-
namic stability during throwing.

Biomechanically, the distraction forces at the glenchu-
meral joiot during the acceleration o ball release phaze of
throwing are § ro 1.5 times that of body weight funpublished
data, 1990}, while the angular xelocmes produced by profes-
sional haseball pitchers range from 8500 to 7200 deg/sec.”
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The Abductor and Adductor Strength
Characieristics of Professional Baseball

Pitchers

Kevin £. Wilk,"t PT, James R. Andrews,} MD, and Christopher A. Arrigo

" MS, PT, ATC

From "HEALTHSOUTH Sports Medicine & Rehabilitation Center and tAlabama Sports
Medicine & Orihopaedic Center, Birmingham, Alabama

ABSTRACT

The purpose of this investigation was to establish a data
base regarding the isokingtic muscular performance
characteristics of the abductor and adductor muscles of
professional baseball pitchers. Eighty-three healthy
professional baseball pitchers (mean age, 22.6 years
mean weight, 189 pounds) were svaluated by use of a
Biodex isokinetic dynamometer. Isokinetic tesis were
perdormed concentrically at 180 and 300 deg/sec for
bath the throwing and nonthrowing shoulders. The test-
ing protocol and test repetitions were standardized for
each subjgct. Statistical analysis was performed using
a-paired ttest. Datermination of the correlation coeffi-
cientwas made atthe P < 0.05 levelof significance. Test
results for bilateral comparisons of mean peak torque
for the throwing and nonthrowmq shoulders demon-
strated a sigaificant-difference. in adductor values be-
tween the dominant and nondominant shoulders at both
tast speeds. There were no significant differences be-
tween extremities for the. shoulder abductor muscles.
The abductor-to-adductor muscle ratios beiwean the
throwing and nonthrowing shoulders were also statis-
tically significant at both test speeds. Throwing arm val-
ueswere 82.5% at 180 deg/sec.and 93.8% at- 300 deg/
seccompared with only 66.0%and 76.3%, respectrve! Y.
for the nonthrowing shoulders.

seball throw is an explosive, high-velocity
athletic movement that requires museular strength and
power, cosrdination, and synchronieity of muscular contrac
pon, During the four phases of throwing (windup, ¢oeking,

The overhead b
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sived financial hanefit from this study.
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acceleration, and follow-through) the shoulder complex
moves thuu'rh consistent planes of motion \uth 5p
muzcwlar groups 1o~pon~xblv {m these mo

The shoulder abdictor and adductor muscles play o sig
nificant role in the over hmd throwing motion. The shoul-
scuctors ave econsidered the delivid and supraspina-
tus mouscles, where the adduciors are the I
dovsi, pectoralis major; teres major, coracobrac m.ili. and
long head of the triceps brachii musecles. The abductor
muscles have been i(mud to be responsible for hurneral ol
evation dmmtz the early cocking phase of throwing.
: T act to forcefully create -
."ll Lumtwn .11(1 .ld(iucﬂon dmmfr the elerazion
)uldez' udducm'

T

when

sring ChL humual he ad wit in rhe: 23 cnmd I
tho'y conibract as the joint sarfaces contact.®
Several investigatars } have L‘.\dln”](“(] w;kmvlrc IrECT-

! pitchers, Tiw
¢ 1Ln"<- Lf‘p()l“bul no sign crence betwesn
the throwing shoulders’ abdustor muse and thoze of the
nonthrowing shoulder, whereas the thmmng shouldery’
adductor muscle:s were 504 frungor whi L(J[HPJU‘LI with
xd the rela-
strength and throwing ﬂawd in 11 pro-
puchm .md H,])Glttd a pm ave statis-

Lhum mg b]’JPPd _Pe SIHATIA eL dl., in & ,,mul(u mfseaj,cl
design of eight professional bhaseball piichers, found ne di-
rect velationship beétween adductor inuscle - isskinetic
torgque and ‘lem my speed,

The purpos study vds to study and quantify the
isokinectic nu:x;su.z}ar parformance tes At of the shoul-
der adductor and abductyr muscle g groups in aninjured pro-
Fessional baselall pitchers. The ,r_fu.x]~ af this sbudy were 1o
1} coropare the dominant throwing arm to the nondomi-
nant arm and establish a bilaters] comparison ratio for the
abductor and adductor muscles, 2) examine abdactor-to-




