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 Introduction

The disabled overhead athlete remains one of the 
most challenging patient populations for the cli-
nician surgeon to treat. There are many reasons 
for this. To begin with, presenting symptoms are 
often varied and may include shoulder pain, 
mechanical symptoms, a sense of looseness, or 
loss of speed or control. The patient’s history is 
often one of insidious onset, with complaints that 
are only reproduced while in the act of throwing, 
and, as such, very difficult to reproduce in an 
orthopedist’s office setting. In addition, the phys-
ical examination can be confusing and challeng-
ing. Contributing factors to the clinical 
presentation are not localized to the shoulder but 
may be identified in many areas of the kinetic 
chain. In addition, very few shoulder examina-
tion tests are sensitive and specific enough to 
result in high levels of diagnostic accuracy. While 
in many patients the clinician can compare the 
injured to the normal side, the throwing athlete 
has a number of normal variable adaptations that 
include increased external rotation, decreased 
internal rotation, altered scapular position, adap-

tive laxity, and periscapular muscle atrophy. 
Unfortunately, imaging is often misleading as 
well. “Pathologic” findings such as superior 
labral abnormalities and rotator cuff tendinosis or 
partial tears are often present in the normal 
thrower, making it challenging to differentiate 
between normal adaptation and abnormal patho-
logic changes. Finally operative decision making 
remains more art than science. Overtreatment 
may address the pathology but leave an athlete 
unable to throw. Any surgical intervention with 
subsequent rehabilitation will take a toll on the 
kinetic chain, and significant periods away from 
training the kinetic chain can, in itself, endanger 
the thrower. Thus, the clinician must be prepared 
to invest the time and comprehensive team 
approach to accurately diagnose these athletes 
and to understand the individual delicate nature 
that results in returning them to throw. Once an 
accurate diagnosis is obtained, it must be applied 
to the individual athlete to achieve an optimal 
result.

 Value on the Front End

Much effort is currently being made to identify, 
quantitate, and improve the value associated with 
the outcomes of treatment of medical conditions. 
Outcomes are typically defined as how the patient 
did after an intervention and may be termed 
“value on the back end” of the treatment process. 
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There has not been the same amount of effort 
related to improving the process for making the 
diagnosis, the “value on the front end” on which 
the treatment is based.

Most physicians treating symptomatic throw-
ing athletes feel that patients come to their office 
to get treated for a specific anatomic injury such 
as a rotator cuff tear, a labral injury, or instability 
that can be described with an ICD-10 code. The 
traditional diagnostic process is designed to dis-
cover the anatomic injury. When the anatomic 
diagnosis is established, the content and timing 
of the treatment can be formulated. This rela-
tively straightforward approach has not been 
shown to consistently result in comprehensive 
and accurate diagnoses and effective treatment. 
Examples can be given for labral injury [1, 2], 
impingement [3, 4], rotator cuff disease [5, 6], 
acromioclavicular joint injury [7], clavicle frac-
tures [8], and instability [9]. This has led to 
efforts to develop a more effective diagnostic 
process.

The Institute of Medicine (IOM) has recog-
nized the central importance of the diagnosis in 
health care. In September 2015, the IOM pro-
duced the latest report in its highly regarded 
Quality Chasm Series, titled Improving Diagnosis 
in Health Care [10]. The report documented trou-
bling deficiencies in the effectiveness of develop-
ing the diagnosis in all health-care disciplines. 
Some of the summary findings included the 
following:

• “Delivery of health care has proceeded for 
decades with a blind spot – the failure to effec-
tively determine the diagnosis.”

• The diagnostic process can be improved, but it 
will require a re-envisioning of the entire 
process.

Central to this re-envisioning is a broader defi-
nition of the diagnosis and an understanding of 
the multiple patient factors that may be included 
in the diagnosis. A more comprehensive defini-
tion of diagnosis is “that body of information, 
collected through the process of evaluating the 
patient’s health problem, that determines the con-
tent and timing of the treatment of the health 

problem” [10]. The patient’s health problem fre-
quently consists of more than a discrete anatomic 
injury. Many clinical problems in overhead ath-
letes result from a process of injury and may 
involve multiple local and distant deficits. The 
diagnosis also encompasses the patient’s experi-
ence with the problem, his or her limitations with 
the problem, and the expectations of recovery 
from the problem.

A survey of patients presenting with shoulder 
pain revealed that 83% related their concern to a 
problem of lack of function, not a specific injury 
[11]. Their expectations were that they wished to 
have this dysfunction returned to function. 
Function is the outcome that is assessed by most 
outcome measures. Therefore, function and dys-
function should be the predominant factors in the 
diagnosis.

Physical function is the ability to complete a 
specific task. For most overhead athletes, func-
tion involves accurately, forcefully, and repeti-
tively placing the arm and hand (and frequently 
an object in the hand) in a position to optimally 
throw, hit, support, push, or pull. Physical func-
tion has been characterized as anatomy, acted 
upon by physiology, to produce mechanics. 
Dysfunction, or the alteration of function, 
involves pathoanatomy but also frequently 
involves pathophysiology and pathomechanics. 
These deficits must be evaluated in the diagnostic 
process.

It has also been demonstrated that patient- 
specific factors may play a substantial role in the 
success of treatment and determination of out-
comes. They are individualized, are “brought” to 
the injury by the patient, and should be included 
in the evaluation. Multiple factors including 
depression, catastrophization, and job status/sat-
isfaction have been shown to affect treatment and 
outcomes [6, 12–18]. Questionnaires have been 
developed to assess these factors [19–22].

Based on these current thoughts, a model can 
be developed that guides the diagnostic process 
and subsequent treatment (Fig. 4.1). The patient’s 
presenting problem consists of clinical symptoms 
(pain, instability, click/pop, trouble sleeping, 
decreased motion) and patient dysfunction 
(inability to throw/serve, inability to push/pull, 
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decreased ball velocity/location). The diagnostic 
process should include the history and the local 
and distant clinical exam to include anatomical 
injury (rotator cuff, labral, ligamentous), physio-
logical deficits (muscle flexibility, strength, bal-
ance), and biomechanical alterations (joint range 
of motion, changes in throwing/serving motion). 
Imaging should be used when indicated and is 
designed to be confirmative, only infrequently 
totally diagnostic. Patient-specific factors can be 
assessed at initial evaluation and help to highlight 
these issues which may need to be developed.

Several points can be made regarding the 
applicability of the model to orthopedics and 
shoulder surgery. First, it is sequential, starting 
with the patient experiencing some type of altera-
tion of his or her normal functional status. 
Second, it emphasizes the key role for compre-
hensive information gathering from multiple 
sources to develop the diagnosis to be more than 
an International Classification of Diseases, Tenth 
Revision code. Third, it emphasizes the involve-
ment of the patient in determining treatment after 
the diagnosis is made. Fourth, the treatment 
includes content and timing of the interventions. 
Finally, the treatment results in outcomes, which 
the IOM report describes as patient outcomes 
(observed or measured by clinicians, reported by 
patients) and system outcomes (quality, cost, 
safety, efficiency, public confidence in the sys-
tem). In this model, there is a linear, almost 

cause-and-effect relation between the diagnosis 
and the outcome. The implications from this 
model are, even though much effort and many 
resources are being expended to determine the 
outcomes of treatment, the “value on the back 
end,” as much effort should be placed into 
improving the diagnostic process, to develop the 
“value on the front end” that can guide more 
effective treatments.

This model can also demonstrate how diag-
nostic errors can occur. Diagnostic errors may be 
defined as “the failure to develop the information 
required to establish an accurate and timely 
explanation of the patient’s health problem, and 
failure to meaningfully communicate the infor-
mation to the patient” [10]. The information must 
be accurate (not differing from the actual patient 
problem, imprecise, or incomplete) and timely 
(not delaying the correct treatment). It also must 
be communicated to the patient in understand-
able terms so that the patient can participate in 
the determination of the treatment plan.

There are demonstrated deficiencies in the 
diagnostic process and the resulting diagnoses in 
shoulder surgery. In general, they often result in 
imprecise and incomplete information. They 
often fail to identify the actual anatomic lesion 
and the associated physiological and biomechan-
ical alterations, fail to include patient-reported 
factors and expectations, do not adequately define 
what functional loss exists, and are inconsistent 

Presenting
problem 

• Clinical symptoms
• Patient dysfunction

Diagnostic
process
• History

• Physical examination
• Imaging

• Patient factors

Working
diagnosis

Communication
of diagnosis

Treatment
• Content
• Timing

Outcomes
• Patient
• System

Fig. 4.1 Diagnostic process model

4 Why Is the Athlete in Your Office? Making the Right Diagnosis in the Disabled Throwing Shoulder



52

in guiding treatment, and they only infrequently 
are associated with predictability of outcomes. 
There is also anecdotal but widely believed evi-
dence of overuse of imaging in the diagnostic 
process and overdiagnosis of many shoulder 
problems [23]. Most frequently for overhead ath-
letes, the error will result in an imprecise or 
incomplete diagnosis (Table 4.1). This can alter 
or delay the treatment.

In summary, the overhead athlete is in your 
office because he or she is concerned about an 
alteration of function, a dysfunction, and they 
wish to have the function restored. The dysfunc-
tion has components of pathoanatomy, patho-
physiology, and pathomechanics and can be 
affected by individualized patient-specific factors. 

The complete and accurate diagnosis includes 
pertinent information from all of these areas and 
will be communicated to the athlete to create a 
treatment protocol.

Information can be organized as the 5 As [24]:

• Accuracy: All anatomic, physiological, and 
biomechanical alterations that accompany the 
health problem should be evaluated and 
categorized.

• Assessment: The process should include 
patient-specific factors and expectations and 
meaningful communication to ascertain 
patient acceptance and involvement.

• Agreement: The process should result in high 
interrater reliability for the process and the 
content of the evaluation.

• Applicability: The process should result in 
reliable guidance for the content and timing of 
all the aspects of the comprehensive treatment 
plan.

• Accountability: The information should be 
able to reasonably relate to predictions of 
outcome.

As doctors and clinicians continue to search 
for methods to improve the quality, safety, effi-
cacy, and value of treatment, devising better sur-
gical techniques or more precise measurements 
of outcomes will not necessarily be of maximal 
benefit unless equal attention is placed on 
improving the diagnosis on which the techniques 
and subsequent measurements depend.

 Understanding the Context 
of the Disabled Throwing Shoulder

One of the most challenging aspects to treating 
the disabled throwing shoulder (DTS) is that it is, 
in many respects, the final common pathway of 
an intricate series of events beginning in the core, 
moving through the kinetic chain, and resulting 
in the release of a ball moving at a tremendous 
speed. Dysfunction in any one of these events will 
affect all downstream chain events. If one is to 
understand the DTS, one must also understand 
each step that transfers input energy to the shoulder 

Table 4.1 Information that is important but often not 
included in diagnoses related to overhead athletes

Diagnosis Omitted information
Labral injury Glenohumeral internal 

rotation deficit (GIRD)
Scapular dyskinesis
Kinetic chain deficits

Impingement Rotator cuff disease
Labral injury
Instability
Biceps tendonitis
Adhesive capsulitis
Patient-specific factors

Rotator cuff injury Labral injury
Altered shoulder rotation
Scapular dyskinesis
Postural deficits
Patient-specific factors

Acromioclavicular (AC) 
joint injury

Anterior/posterior AC joint 
laxity
Rotary AC joint laxity
Scapular dyskinesis

Clavicle fracture Distal fragment anterior 
rotation
Scapular dyskinesis

Scapular dysfunction Weakness: Lower trapezius/
serratus anterior
Tightness: Pectoralis minor/
upper trapezius/latissimus 
dorsi
Core weakness and/or 
instability
Patient-specific factors

Medial elbow injury GIRD
Scapular dyskinesis
Kinetic chain deficits

Lateral elbow injury Posterior shoulder weakness
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during throwing and the shoulder’s role in trans-
ferring output energy to the final parts of the 
chain. Further, the clinician must understand 
whether the dysfunctional event is anatomic, 
physiologic, or biomechanic. If there is anatomic 
structural damage, it is unlikely that rehabilita-
tion will solve the issue, and if it is physiologic, 
rehabilitation may be the mainstay of treatment. 
Therapists, coaches, and surgeons have differing 
backgrounds and areas of expertise, and are not 
generally trained in the fine points of recognizing 
pathology across disciplines. Thus the clinician 
must learn to speak other disciplines’ languages 
and employ a team of experts from across spe-
cialties to address the complexities of the DTS. A 
basic understanding of the framework of the 
kinetic chain is a good place to begin.

 Role of the Kinetic Chain

The thrown ball is the result of a sequential and 
coordinated kinetic chain of force development 
requiring a specific set of body positions and 
motions [25, 26]. The kinetic chain has several 
functions [27]: (1) using integrated programs of 
muscle activation to temporarily link multiple 
body segments into one functional segment to 
decrease the degrees of freedom in the entire 
motion [28, 29]; (2) providing a stable proximal 
base for distal arm mobility; (3) maximizing 
force development in the large muscles of the 
core and transferring it to the hand [30, 31]; (4) 
producing interactive moments at distal joints 
that develop more force and energy than the joint 
itself could develop and decrease the magnitude 
of the applied loads at the distal joint [26, 32–35]; 
and (5) producing torques that decrease decelera-
tion forces [26, 36, 37].

While biomechanically technical, these func-
tions have real clinical implications. One mathe-
matical model showed that a 20% reduction in 
trunk kinetic energy resulted in 70% more mass in 
the distal segments to maintain the same energy at 
ball impact [25]. An additional study in tennis 
players showed that failure to adequately flex the 
knees in the cocking phase of serving resulted in a 
17% increase in shoulder load and a 23% increase 

in elbow valgus load when velocities were main-
tained [38]. Other examples correlate decreased 
hip range of motion associating with shoulder 
injury and poor throwing mechanics [39].

Thus if one is to understand the disabled 
throwing shoulder, one must understand the 
“abled” throwing shoulder, which in turn requires 
a thorough understanding of the shoulder’s 
proper place within the kinetic chain. While no 
comprehensive “ideal” evaluation system has 
been established, advances have been made in 
this area. Recently, Myers et al. [40] reported a 
validated method of observational analysis in 
tennis players. Players with improved flexibility 
and power demonstrated superior mechanics dur-
ing the tennis serve, and there was good consis-
tency among raters in their objective evaluation 
of the serve.

 History Considerations 
in the Disabled Throwing Shoulder

Ultimately, the answer to the question, “why is this 
athlete in your office,” is a simple one: he or she 
can’t throw. A proper understanding of why this is 
the case is the cornerstone of all treatment and 
begins with a thorough and individualized history. 
There is a communication gap that exists between 
patient and clinician and even between clinicians 
of different specialties. A patient may seek an 
understanding of why “it hurts when I throw.” The 
surgeon may speak of a partial thickness tear of the 
supraspinatus, the therapist may diagnose tight-
ness of the posterior capsule, and the pitching 
coach may address this as failure to correctly get to 
the top of the slot. All may have a portion of the 
truth, but the effective clinician must be able to 
understand all of these perspectives and their lan-
guages and ultimately communicate back to the 
patient the answer of why they are in your office.

 The Chief Complaint

The patient with a chief complaint of “I can’t 
throw” should first be asked, “why not?” The 
answer to this question is the first critical step in 
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formulating the ultimate diagnosis, as it can cre-
ate an early differential diagnosis to guide the 
rest of the history and physical examination. It is 
patient centered, meaning that the answer to this 
first question individualizes the remainder of the 
clinical encounter, workup, and ultimate treat-
ment plan. It is also efficient, as it focuses spe-
cifically on the patient’s complaint, and avoids 
the pitfalls of a generalized “one size fits all” 
approach. It, however, can be quite varied and 
complex. Answers such as pain, clicking, a loss 
of velocity, a loss of ball control, a sense of 
fatigue, numbness or deadness, or even the sense 
that they can’t “get into the right slot” are all 
common patient perspectives to explain their 
inability to effectively throw. The history can 
then be guided to specifically address the origi-
nal source, progression, and response to treat-
ments of this complaint. If pain is the athlete’s 
perception for why he or she can’t throw, the his-
tory should focus on finding the source of this 
pain. Table 4.2 provides guidance on historical 
questions when an athlete’s DTS is related to 
pain.

Clicking or popping is a common complaint by 
a disabled thrower. It is important to differentiate 
between clicking that is symptomatic and that 
which is just present, but not painful or mechanical. 
In the former, mechanical clicking generally repre-
sents a structural abnormality, and one’s suspicion 
should gravitate toward labral pathology, loose bod-
ies, or chondral defects. Painless and nonmechani-
cal clicking is common and is often due to 
subacromial crepitance. This is often temporary and 
can be treated with rehabilitation and reassurance.

Numbness or deadness often leads the clinician 
to consider neurologic or vascular sources. This is 
an important part of the workup of these patients, 
as thoracic outlet syndrome is a well- recognized 
source of disability in throwers [41–43]. This sus-
picion may take a clinician down a different algo-
rithm toward unique physical examination 
findings, imaging workup, and even specialist con-
sultation and thus is an excellent example of why 
the original question of the patients’ perspective 
on “why” they can’t throw is so critical. It is 
important to note, however, that a chief complaint 
of numbness or loss of control can be due to abnor-
malities within the kinetic chain and shoulder. 
Shoulder instability, labral tears, and muscle 
weakness are also common sources of this com-
plaint, and thus a complaint by the athlete of 
numbness or deadness is not an automatic referral 
to a thoracic outlet or spine specialist.

Finally, athletes who can’t throw due to loss of 
velocity or control can be some of the most dif-
ficult to sort out. This sensation can be due to 
defects in the kinetic chain, structural abnormali-
ties, or biomechanical alterations in form. This 
set of complaints often requires the sports medi-
cine physician to rule out structural or anatomic 
abnormalities, a therapist to rule out kinetic chain 
weaknesses, and the pitching coach to rule out 
biomechanical maladaptations.

 Clinical Course and Progression 
of Care

Once the chief complaint is understood, and the 
clinician has an initial differential in mind, the 
clinical course of the complaint from its incep-

Table 4.2 Pain-related DTS: questions and 
considerations

History question Clinician consideration
Did the pain start 
with one single 
event or insidious?

Single: suggests anatomic 
structural damage
Insidious: suggests overuse

Where exactly is 
the pain when you 
get it?

Top of shoulder: 
acromioclavicular joint
Greater tuberosity: rotator cuff
In the back: internal 
impingement, labral pathology, 
posterior shoulder tightness
In the front: biceps pathology, 
scapular dyskinesis

When do you get it? Acceleration: internal 
impingement, cuff
Follow-through: biceps, 
posterior shoulder tightness

Onset: Is it 
immediate or only 
with prolonged use?

Immediate: structural 
abnormality
Prolonged use: overuse, 
physiologic overload, chain 
issues

What helps it? Stretching: posterior shoulder 
tightness
Strengthening/thorough warmup: 
dyskinesis, muscle imbalance
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tion to the present is obtained. Responses to treat-
ment, such as periods of rest, anti-inflammatories, 
or steroid injections, even if temporary, are 
important for diagnostic as well as therapeutic 
considerations. Time courses are also critical. 
With the pressure to perform, even at the youth 
and high school levels, there is often an urgency 
to treat the disabled throwing shoulder. Thus 
patients and their parents often will present for a 
surgical evaluation after “failing physical ther-
apy” over the course of a few weeks. It is incum-
bent upon the clinician to trace the history of 
present illness thoroughly to ensure that conser-
vative treatments that have been prescribed have 
been appropriately applied.

 Current Status and “Degree 
of Disability”

It is important to understand the current status 
of the patient. An in-season condition that is 
being played through will likely be managed 
differently than an off-season injury that results 
in complete disability. This requires an under-
standing of the patient’s competitive goals and 
where they are in their season or career. It is also 
important to understand their access to 
resources, such as physical therapy, coaching, 
and medical care.

The final aspect to the current status of the 
problem is the degree of disability incurred by the 
athlete from their condition. This can vary from 
minimal annoyance with high-level sports to 
complete disability with activities of daily living. 
Understanding where the patient is on this spec-
trum greatly aids in guiding how aggressive the 
diagnostic workup is and how invasive the treat-
ment plan should be. It is important to note that 
an accurate assessment of the degree of disability 
may require communication with the athletic 
trainer or physical therapist, because some ath-
letes may attempt to “play through” injuries that 
render them ineffective and put themselves in 
danger of further injury. These are sometimes 
difficult decisions for an athlete to make, and 
often a trainer’s input is valuable in defining the 
degree of disability.

 Past Medical History and Review 
of Systems

Although athletes are among the healthiest 
patients in our population, questions about past 
medical history should not be neglected. These 
include questions about medications, allergies, 
and congenital or other medical problems. 
Finding out that a swimmer with shoulder pain 
has Ehlers-Danlos syndrome might not only 
point to multidirectional instability (MDI) as a 
diagnosis but will undoubtedly influence the 
treatment of such a shoulder. Although often neg-
ative, a review of systems and queries regarding 
past medical history can avoid missing key 
aspects affecting the diagnosis and eventual treat-
ment of the overhead athlete.

At the completion of a well-structured history, 
the clinician should have a fairly strong initial 
clinical suspicion of “why the patient is in your 
office.” With this in mind, the physical examina-
tion can be guided to strengthen or refute these 
suspicions on the way to an accurate clinical 
diagnosis.

 Physical Examination 
Considerations in the Disabled 
Throwing Shoulder

A comprehensive evaluation program is neces-
sary to evaluate the thrower, both in terms of 
injury potential and understanding the patterns of 
alteration in injury. Just as the throw itself begins 
with the lower extremities and the core, so too 
should the examination of the disabled throwing 
shoulder. This will be covered in more depth in 
Chap. 5, but a brief discussion can illustrate some 
common and key principles in the evaluation.

A proper functioning core is critical to suc-
cessful throwing. Deficiencies in the core often 
result in overloading of the shoulder and can lead 
to injury. This is especially true in adolescent and 
preadolescent athletes who often have underde-
veloped posterior chain musculature (gluteals, 
hamstrings, erector spinae). This aspect of the 
core can be evaluated with a single leg squat 
(Fig. 4.2) and has been shown to be deficient in a 
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high percentage of adolescent athletes [44]. Other 
defects of the proximal kinetic chain can have 
detrimental effects on the shoulder [45]. One 
study of NCAA athletes has demonstrated that 
poor performance on functional movement 
screening and Y-balance tests (assessments of 
core stability) correlated with shoulder injury and 
shoulder surgery [46]. Thus an evaluation of core 

strength and functional stability should be a part 
of the evaluation of every patient with a disabled 
throwing shoulder.

 Scapular Considerations

The upper extremity evaluation of the disabled 
throwing shoulder must begin with the scapula. 
The scapula forms the stable fulcrum from which 
the arm can achieve the key positions necessary 
to successfully throw a ball with velocity and 
control, and deficits or dyskinesis of the scapula 
may result in altered performance and increased 
injury risk. The normal mechanics of scapular 
motion in the throwing shoulder are scapular 
retraction, upward rotation, posterior tilt, and bal-
anced rotation [27]. The dysfunctional scapula 
often demonstrates deviations from this even in 
the resting position, but the changes can be sub-
tle. In an effort to aid the clinician in an accurate 
and comprehensive evaluation for scapular dys-
kinesis, a consensus meeting was established 
[47], and a standardized approach to clinical 
observation was developed [48, 49]. The testing 
protocol begins with an evaluation of inflexibili-
ties (pectoralis minor and humeral rotation defi-
cits), and the resting position of the scapula is 
noted [50, 51]. Tightness of the pectoralis minor 
can be estimated by asking the patient to stand 
with their back against the wall and measuring 
the distance from the wall to the coracoid on each 
side. A difference greater than 3 cm is considered 
positive for pec minor tightness [27]. The 
dynamic motion of the scapula is evaluated with 
the arms moved into forward flexion and descent. 
Medial scapular prominence is noted as dyskine-
sis. If positive and provocative, the examiner per-
forms corrective maneuvers to determine if these 
maneuvers alter the symptoms. One test is the 
scapular assistance test. This test is performed 
while the patient attempts to raise their arm over-
head. The examiner depresses the upper medial 
border of the scapula while he or she pushes the 
inferior border laterally to assist in upward rota-
tion and posterior tilt. This test can decrease exter-
nal impingement symptoms [52]. The scapular 
retraction test depresses the medial border of the 
scapula along its course and can increase rotator 

a

b

Fig. 4.2 Single leg squat. This image shows the impor-
tance of a stable squat, with no collapse or lean. (a) 
Performance in front of a mirror can provide biofeedback 
to the patient to improve performance. (b) As the athlete 
progresses, perturbations can be added to add an addi-
tional challenge to core stability during the 
maneuver
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cuff strength and decrease internal impingement 
symptoms in the setting of labral injury [53, 54].

The role of the scapula in the disabled throw-
ing shoulder was originally defined by Burkhart 
et  al. [55] and refined by Kibler [27], 10  years 
later. Originally referred to as a SICK (Scapular 
malposition, Inferior medial border prominence, 
Coracoid pain and malposition, and dysKinesis 
of scapular movement) scapula, much has been 
learned about adaptation and pathologic changes 
of scapular mechanics. The principles of tight-
ness of the pectoralis minor and weakness of the 
lower trapezius and serratus anterior have stood 
the test of time and remain cornerstones in the 
treatment of the scapular component of the dis-
abled throwing shoulder. Adaptations do exist, 
however, and scapular dyskinesis can be found in 
normal asymptomatic athletes [56, 57]. Thus the 
scapular examination must be taken in context of 
the total picture. Correction of symptoms with 
assistive maneuvers is suggestive of the clinical 
relevance of the dyskinesis to the clinical 
symptoms.

 GH Rotation Deficits

In 2003, Burkhart et al. introduced the concept of 
GIRD (glenohumeral internal rotation deficits) as 
a key component of the disabled throwing shoul-
der [58]. In that paper, the authors described 
“symptomatic GIRD” as a side-to-side difference 
>25° and proposed that the underlying posterior 
capsular tightness that caused it was the source of 
the disabled throwing shoulder. This work did 
call attention to the alterations, both adaptive and 
pathologic, that are seen in the disabled throwing 
shoulder, and much work has been done to refine 
these initial observations. Tokish et  al. reported 
that up to 40% of asymptomatic professional 
pitchers displayed GIRD by any of the common 
definitions and cautioned against using GIRD in 
a vacuum to diagnose pathology [59]. Several 
authors have shown that GIRD is, in part, due to 
adaptive humeral bony retroversion [60, 61], and 
Kibler has shown that GIRD increases both 
acutely and over several days after a throwing 
workout [62]. This “thixotropy” is postulated to 
result from acute or chronic sarcomere strain 

leading to stiffness, which can be addressed with 
stretching. Thus, GIRD should be approached 
with caution as it can be a normal adaptation but 
should also be understood as a potential source of 
disability in the throwing shoulder. A more recent 
description of pertinent motions in the throwing 
shoulder includes total rotational range of motion 
(TROM). This measurement takes into account 
adaptations in both external and internal rotation 
and may give early evidence of potentially dele-
terious alterations in rotation. Most studies show 
that TROM is symmetric in throwers and servers 
but should not exceed 186° as an absolute num-
ber. A 5° asymmetry in TROM has been shown to 
be predictive of increased injury risk [63]. In 
order to consistently measure these motions, a 
disciplined approach should be employed. The 
patient should be laid supine with the scapula 
supported. A goniometer should be used, and the 
arm should be rotated only until the scapula dem-
onstrates initial movement. Players demonstrate 
changes in their measured motions over the 
course of a game and season [64, 65], and the 
“curve of change” or the ability to return to base-
line may be the most important measurement. 
Changes that do not resolve with posterior cap-
sule and horizontal adduction stretching and are 
associated with pain should be carefully watched 
and treated.

 Shoulder-Specific Examination

Once the kinetic chain and appropriate ranges of 
motion have been considered, the shoulder itself 
should be examined. Particular attention should 
be placed on an attempt to reproduce the patient’s 
actual symptoms. As noted, at this point in the 
workup, the clinician should have a strong suspi-
cion of the differential diagnosis, and we use the 
physical examination to confirm or refute these 
suspicions. Thus we employ the physical exami-
nation of the disabled throwing shoulder by 
beginning with a suspected diagnosis first and 
then perform the associated provocative tests 
associated with this pathology, which is the oppo-
site of the method commonly taught in medical 
school and residency. In our experience, this 
approach is more efficient and more accurate. 
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A list of these diagnoses and their recommended 
confirmatory tests are included in Table  4.3, 
which begins with a potential diagnosis and then 
tests it with physical examination findings.

It should be noted that the purpose of these 
provocative maneuvers is to reproduce the 
patient’s symptoms as exactly as possible. 
When tests of a particular differential are posi-
tive and the others are negative, this is strong 
evidence that the diagnosis is correct. 
Unfortunately, this is often not the case, as 
there is commonly overlap and coexistent 
pathologies present in the shoulder. In addition, 
some throwers only display symptoms during 
throwing. In such cases, observing the athlete 
throwing or communication with the athlete’s 
coach or trainer may shed clarity on the exact 
positions of provocation.

 Imaging

While a detailed description of the specific imag-
ing findings in the throwing shoulder is beyond 
the scope of this chapter, there are a few impor-
tant concepts that will help the physician to use 
imaging to enhance their ability to determine 
why the athlete is in their office.

X-ray evaluation and advanced imaging are criti-
cal components of the disabled throwing shoulder. As 
in most cases, standard radiographic imaging begins 
with a shoulder X-ray series and in many cases is all 
that is necessary. It is important to remember that 
more than 99% of competitive throwers do not get 
paid to throw and are often young and playing multi-
ple sports. Standard X-ray evaluation may show the 
hallmarks of Little Leaguer’s Shoulder which includes 
proximal humeral physeal widening or metaphyseal 
bony changes. This finding is often confirmatory in an 
adolescent or preadolescent, and no further study may 
be required. Even when the X-rays are negative, the 
clinical examination is often sufficient for treatment, 
and should not prompt an automatic MRI.

Nevertheless, the MRI has become the corner-
stone in the evaluation of the throwing shoulder, and 
while it can be an incredibly helpful tool in confirm-
ing a diagnosis [66], there are some important 
points to discuss in this regard. The first is that the 
MRI should be used primarily as a confirmatory 
and supportive tool, not as the cornerstone of diag-
nosis. Miniaci et al. [67] demonstrated that 79% of 
asymptomatic professional baseball players dem-
onstrate abnormal signal in their cuff and labrum. 
This has been confirmed in little league players as 
well, where over half of asymptomatic players dem-
onstrate abnormalities on MRI [68]. Overreliance 
on an MRI can be detrimental to a correct diagnosis, 
resulting in the overtreatment of adaptive change 
interpreted to be pathologic. It is therefore critical 
that clinicians who care for the throwing athlete be 
proficient in reading the MRI themselves as it is 
best used in combination with knowledge obtained 
in the history and physical examination. Advanced 
imaging can be helpful in confirming the diagnosis 
and as a preoperative planning tool. The  conventional 
axial view allows good tangential visualization of 
the posterior inferior labrum, while the oblique 
axial view allows better tangential visualization of 
the posterior labrum.

 Providing Value on the Back End 
to the Disabled Throwing Shoulder

One area that has been deficient, especially in the 
treatment of the throwing shoulder, is measure-
ment of specific and accurate outcomes after treat-

Table 4.3 Provocative physical examination tests in the 
disabled throwing shoulder

Suspected 
diagnosis Physical examination “musts”
Internal 
impingement

Apprehension test for pain, relocation 
test

Symptomatic 
posterior 
tightness

GIRD, cross body adduction deficit 
with pain

Cuff pathology Impingement signs of Neer and 
Hawkins, Jobe’s test, resisted external 
rotation

Superior labral 
pathology

Active compression test, modified 
dynamic labral shear test, internal 
rotation resisted strength test

Instability Apprehension for reproduction of 
symptoms, posterior push-pull test 
for symptomatic posterior instability, 
symptomatic sulcus sign for 
multidirectional instability

Biceps 
tendonitis/
partial tearing

Active compression test, biceps 
groove tenderness, speed’s test
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ment. This may be described as a search for “value 
on the back end” or how well do the treatments 
return the athlete to their desired level of function? 
Tibone, for example, reported on the results of 
acromioplasty in an elite throwing population 
[69]. Despite excellent improvements in pain 
relief, only 4 of 18 pitchers returned to throw at 
their preinjury status. This early report called out 
the challenges of measuring outcomes in the 
throwing athlete. Traditional self-reported out-
come tools have consistently demonstrated a “ceil-
ing effect” in throwers, which limited the ability to 
document incremental improvements at the higher 
end of function [70]. In response, outcome scores 
specific to throwing populations have been devel-
oped. Alberta et  al. debuted the Kerlan-Jobe 
Orthopaedic Clinic overhead athlete’s score 
(KJOC) [71], in a population of throwing athletes. 
Domb et al. [72] applied it to throwers who under-
went ulnar collateral ligament (UCL) reconstruc-
tion. In that paper they found that the KJOC score 
was the most sensitive score for detecting subtle 
changes in performance in the throwing athlete. 
Neuman et al. reported similar findings in a popu-
lation of throwers who underwent shoulder sur-
gery and concluded that the KJOC score provided 
a more stringent assessment of overhead athletes’ 
function than the ASES score [73].

Sauers et  al. have developed the “Functional 
Arm Scale for Throwers” (FAST). Their approach 
was to employ a disablement model to more fully 
evaluate the health-care quality of life of the 
thrower. The FAST score evaluates the “whole- 
person” health-care disablement model which 
takes into account emotional and social factors in 
addition to limitations in throwing [74]. A subse-
quent article by the same authors demonstrated that 
the FAST score is a reliable, valid, and responsive 
scale for measuring patient-reported health-care 
outcomes in throwing athletes with injury [75] and 
has been found to be an effective measure of dis-
ability in a population of female softball pitchers.

Thus, just as the throwing shoulder is unique 
from a diagnostic perspective, the evaluation of 
outcomes in these patients requires specialized 
attention to their individual requirements. We 
would recommend the KJOC and FAST scores as 
routine tools in the evaluation of outcomes in this 
specialized population.

 Conclusions

The disabled throwing shoulder is a complex diag-
nostic dilemma. Keys to ultimate success include 
understanding the athlete’s chief complaint, for-
mulating an early differential diagnosis, and using 
the physical examination and imaging to confirm 
the correct source of the patient’s disability. The 
evaluation of treatment outcomes requires special 
attention to the specific specialized activities and 
scores required of this population. Thus the dis-
abled throwing shoulder requires meticulous 
attention from presentation, through diagnosis and 
treatment, with an in-depth evaluation of out-
comes. The patient is in our office for a reason. It 
is incumbent upon the clinician to determine that 
reason and to assist in returning them to throw.
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