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Preface

The shoulder represents one of the most complex and fascinating joints in the human
body, a remarkable structure that sacrifices inherent stability for extraordinary
mobility. This unique biomechanical arrangement, while enabling the remarkable
range of motion that defines human upper extremity function, also renders the
shoulder particularly vulnerable to a diverse spectrum of injuries and pathological
conditions.

Shoulder Injuries and Treatment emerges from the recognition that effective shoulder
care requires a comprehensive, evidence-based approach that extends far beyond
traditional boundaries. In an era where patients—from weekend warriors to elite ath-
letes—demand not merely pain relief but complete restoration of function and return
to active lifestyles, clinicians must be equipped with both foundational knowledge
and innovative treatment strategies.

This volume addresses the full continuum of shoulder pathology, from acute trau-
matic injuries such as anterior dislocations and glenoid fractures to complex chronic
conditions, including multidirectional instability and massive rotator cuff tears. What
distinguishes this text is its commitment to presenting both surgical and non-surgical
interventions within a framework that recognizes the profound interconnections
between structure, function, and the broader biopsychosocial context of healing.

The chapters within reflect a paradigm shift toward more holistic care. Rather than
viewing the shoulder in isolation, contributors explore the cervical spine’s often-
overlooked contribution to shoulder pain, emphasize the critical role of manual
therapy as a cornerstone of conservative treatment, and advocate for rehabilitation
approaches that address not only biomechanical deficits but also neuromuscular
control and psychological factors that influence recovery.

For the surgical patient, this book presents both established procedures and innova-
tive techniques. From the evolving landscape of total shoulder arthroplasty in active
athletes to cost-effective approaches, such as superior capsular reconstruction using
autologous biceps tendon, the surgical content reflects current best practices while
acknowledging the paramount importance of appropriate patient selection and
comprehensive rehabilitation.

The emphasis throughout is on evidence-based practice, individualized care, and
optimization of functional outcomes. Each chapter provides clinicians with the tools
necessary to develop treatment algorithms that can be tailored to the unique needs,
goals, and circumstances of each patient.

This book serves as an essential resource for orthopedic surgeons, sports medicine
physicians, physical therapists, and all healthcare providers involved in the care of the
shoulder. Students and residents will find comprehensive foundational knowledge,



while experienced practitioners will appreciate the integration of cutting-edge
research with practical clinical applications.

As we continue to refine our understanding of shoulder biomechanics and expand our
therapeutic arsenal, the principles outlined in this volume—comprehensive assess-
ment, evidence-based treatment selection, and holistic rehabilitation—will remain
the cornerstones of excellent shoulder care. We hope that this resource will contribute
to improved outcomes and an enhanced quality of life for the countless patients who
entrust us with their care.

The journey toward optimal shoulder health is rarely straightforward. Still, with the
knowledge, techniques, and perspectives presented in these pages, clinicians are bet-
ter equipped to guide their patients successfully along that path.

Nahum Rosenebrg
National Insurance Institute,
Haifa, Israel
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Chapter1

Shoulder Rehabilitation

Adeera Azam, Ishal Ayub, Lyba Musaddiq, Esha Dilawar
and Muhammad Suleman Tahir

Abstract

Shoulder joint is a complex and highly mobile joint as it is a less stable and highly
mobile joint in human body. Due to less stability, it is more prone to injuries and joint
dysfunction. This chapter provides evidence-based comprehensive overview about
restoring shoulder function and range following injury, chronic musculoskeletal
conditions, and surgery. It starts with the detailed explanation of anatomy and bio-
mechanics of shoulder joint, emphasizing the balance between stability and mobility
of joint surrounded by different static and dynamic structures. This chapter explores
common shoulder pathologies, that is, adhesive capsulitis, rotator cuff tear, shoulder
impingement syndrome and dislocations. This chapter also emphasizes the impor-
tance of shoulder rehabilitation strategies including electrotherapeutic modalities,
shoulder mobilizations, and active and passive exercises. This chapter also outlines
different assessment techniques to rule out/differentiate different dysfunctions.
Special attention is given to pain management, neuromuscular and proprioceptive
control, and improvement in ROM and return to function protocols. This chapter
provides a complete evidence-based guide for clinicians, therapists, and students
involved in the rehabilitation of various shoulder disorders.

Keywords: shoulder joint, adhesive capsulitis, rotator cuff tear, shoulder rehabilitation,
shoulder mobilization, pain management

1. Introduction

Most shoulder injuries occur due to micro-trauma or macro-trauma, whether it
is caused by overhead shoulder activities or enough force applied to the shoulder
joint. Overhead movement causes abnormal stresses on joints and makes them more
vulnerable to injuries or dislocations. Shoulder injuries are also common in players
as well due to overuse or altered biomechanics of the shoulder joint. Conte et al.
reported that 28% of all injuries present among baseball pitchers were related to the
shoulder joint. This chapter reviews the anatomical structures enabling these differ-
ent types of movements and examines the biomechanics and different rehabilitation
approaches.
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1.1 Structure of the shoulder
1.1.1 Anatomy and biomechanics

The shoulder joint is known as the shoulder complex. The glenohumeral joint,
sternoclavicular joint, acromioclavicular joint, coracoclavicular joint, and scapulo-
thoracic joints are the five distinct articulations, along with ligaments, bursas, and
rotator cuff muscles, that make up the shoulder, the most complicated and complex
joint in the human body. Sternoclavicular, acromioclavicular, and glenohumeral com-
ponents are true joints. Dysfunction in any of these structures limits the performance
of the shoulder complex [1].

1.1.2 Sternoclavicular joint (SC)

The sternoclavicular joint is where the end of the collarbone meets the cartilage
of the first rib and the notch on the top part of the breastbone. It is a modified saddle
joint, which connects the shoulder complex with the thorax. The costoclavicular
ligament acts as a primary stabilizer for this joint. This ligament checks the elevation
of the clavicle and stabilizes the joint anteriorly and posteriorly [2]. The SC joint
allows free motion in the frontal and transverse planes as well as some rotations in the
forward and backward sagittal planes. A fibrocartilaginous articular disc functions as
a shock absorber and enhances the fit of the articulating bone surfaces. When per-
forming movements like swimming, raising the arms above the head, and shrugging
the shoulders, rotation takes place at the SC joint. The close-packed position for the
SC joint is maximal shoulder elevation [2, 3].

1.1.3 Acromioclavicular joint

The acromioclavicular joint is an irregular plane joint between acromion process
of the scapula and the distal end of clavicle. Despite having restricted motion in all
three planes due to its construction, it is classified as an irregular diarthrodial joint.
AC joint has two primary functions: (1) During early stage of upper limb elevation,
it maintains relationship between scapula and clavicle and (2) in later stage of upper
limb elevation provides additional range of rotation to thorax [1]. The coracoclavicu-
lar ligament acts as a primary stabilizer of AC joint. This ligament is responsible for
controlling the linear rotation of clavicle which is crucial for fully unrestricted upper
limb elevation. Anteroposterior stability of joint is maintained by joint capsule and
longitudinal stability is maintained by coracoclavicular ligament. When the humerus
is abducted to 90°, the AC joint is in its close-packed position [2].

1.1.4 Coracoclavicular joint

The syndesmosis between the inferior surface of the clavicle and the coracoid
process of the scapula, joined by the coracoclavicular ligament, is known as the
coracoclavicular joint. There is hardly much movement possible at this joint [3].

1.1.5 Glenohumeral joint

It is a synovial joint of the ball and socket variety formed between the glenoid cav-
ity of the scapula and the head of the humerus. It is the most mobile and least stable
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Figure 1.
Anatomy of shoulder joint [4].

joint in the human body, which enables the movement of the shoulder in all planes. It
is an inherently unstable joint due to its bony articulation. Compared to the shallow
glenoid fossa of the scapula with which it articulates, the nearly hemispherical head
of the humerus has three to four times the surface area. It is also the most commonly
dislocated joint in the human body. At the extremes of the range of motion, there
are significant translations of the humeral head on the glenoid fossa when the arm is
passively rotated (Figure 1) [5].

The stabilization of humeral head within glenoid cavity is maintained by both
static and dynamic stabilizers (Table 1) [3].

1.1.6 Shoulder stabilizers

Each person has a different anatomical shape for the glenoid fossa; around 45%
of people have an oval shape, while the remaining 55% have a pear-shaped cavity.
The inferior half of the glenoid cavity is 20% larger than the superior half, and the
articulating area of the glenoid fossa is much smaller than the humeral head. During
normal movement of the arm, only 25 to 30% of the humeral head comes in contact
with the glenoid cavity. This lack of articular contact leads to instability of the joint.
The glenoid faces superiorly, laterally, and anteriorly, which limits inferior transla-
tion of the humeral head on the glenoid. Bony defects in either the humeral head or
glenoid are associated with shoulder instability and recurrent dislocations [5].

Static Dynamic

Bone geometry, glenohumeral ligaments, Predominantly rotator cuff muscles
glenoid labrum, and capsule

Scapular stabilizers

Trapezius, levator scapulae, serratus anterior, rhomboids

Table 1.
Shoulder static and dynamic stabilizers [3].
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1.1.7 The glenoid labrum

The glenoid labrum, a lip made of a portion of the joint capsule, the glenohumeral
ligaments, and the tendon of the long head of the biceps brachii, surrounds the
glenoid fossa. It is a fibrous rim that slightly deepens the glenoid fossa and allows the
attachment of the glenohumeral ligament. The superior attachment of the labrum
is loose, whereas the inferior attachment is somehow firm. The labrum deepens the
glenoid from 2.5 to 5 mm. This thick band of collagenous tissue around the edge has a
triangular cross section, which is joined to the fossa’s edge. So, this rim of soft tissue
is located on the periphery of the glenoid fossa and adds stability to the glenohumeral
joint. The anterosuperior labrum has poor blood supply, while the inferior labrum has
good blood flow. The vascularity of the labrum declines with increasing age [6].

1.1.8 Shoulder capsule and ligaments

The shoulder joint capsule is a large, loose connective tissue that allows a large
degree of shoulder range of motion and contributes to joint stability. The glenohu-
meral joint capsule is supported by glenohumeral ligaments that add to joint stability.
The anterior glenohumeral ligament prevents anterior translation of the humerus on
the glenoid. The superior and middle glenohumeral ligaments also prevent anterior
translation when the arm is 180 degrees abducted. The middle glenohumeral ligament
plays an important role in limiting the humeral head on the glenoid when the shoul-
der is in the mid-range of abduction. The inferior glenohumeral ligament prevents
translation when the arm is abducted at 90 degrees or beyond [7].

1.1.9 Dynamic stabilizers

The most important function of primary glenohumeral stabilizers is to provide
combined muscular contraction that enhances humeral stability during active arm
movements. These muscles work together in an agonist and antagonist fashion to pro-
vide the movement and stability at one point in time. The joint capsule is also joined by
the tendons of four muscles. Due to their role in humeral rotation and the formation
of a collagenous cuff around their tendons, these muscles are referred to as the rotator
cuff muscles. These include supraspinatus, infraspinatus, teres minor, and subscapu-
laris. They are also occasionally referred to as the SITS muscles, which is derived from
the first letter of their names. The subscapularis aids in medial rotation, whereas the
supraspinatus, infraspinatus, and teres minor aid in lateral rotation of GH joint [8].

The head of the humerus is pulled toward the glenoid fossa by tension in the
rotator cuff muscles, which significantly reduces the joint’s little stability. It has been
demonstrated that the biceps and rotator cuff muscles are engaged to stabilize the
shoulder before the humerus moves. Additionally, the glenohumeral joint is stabilized
by the negative pressure inside its capsule. Humerus abduction and external rotation
are closed pack position of shoulder joint. Neuromuscular control is also a component
that adds stability in shoulder joint. This factor is most important to normal shoulder
function than joint position or repositioning ability [9].

1.1.10 Scapulothoracic joint

The joint between the anterior scapula and the thoracic wall is frequently referred
to as the scapulothoracic joint since the scapula can move in both the sagittal and
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frontal planes with regard to the spine. There are two purposes for the muscles that
attach to the scapula. They might first contract to stabilize the area of the shoulder.
For instance, when a suitcase is raised off the floor, tension is created in the levator
scapula, trapezius, and rhomboids to support the scapula, and consequently, the
entire shoulder via the acromioclavicular joint. Second, the muscles of the scapula
can help to move the glenohumeral joint in the proper position to support the upper
extremity [10].

1.1.11 Bursae

The shoulder region contains a number of tiny, fibrous sacs that release synovial
fluid. These sacs, called bursae, act as a cushion and lessen friction between collage-
nous tissue layers. A number of bursae, including the subscapularis, subcoracoid, and
subacromial, encircle the shoulder. The subscapularis and subcoracoid bursae are in
charge of controlling the friction between the subscapularis muscle’s superficial fibers
and the humeral head, the coracoid process, and the scapular neck. The subacromial
bursa is located in the subacromial space, which is situated between the glenohu-
meral joint (below) and the scapula’s acromion process and coracoacromial ligament
(above). The rotator cuff muscles, especially the supraspinatus, are cushioned by this
bursa from the bone acromion above. Compressing the subacromial bursa repeatedly
during overhead arm motion can irritate it (Figure 2) [12].

1.1.12 Scapulohumeral rhythm

A consistent scapular rotation pattern that supports and aids with humeral
abduction. Two thirds of the motion when the arm is fully raised by abduction or
flexion takes place at the glenohumeral joint, with the other third occurring between
the scapula and thorax. Scapulohumeral rhythm is the term used to describe this
coordinated movement. The glenohumeral supraspinatus typically initiates the initial
few degrees of shoulder abduction during the first 30 degrees of abduction/flexion.

Shoulder anatomy. Bursae and muscles

Acromion Coracoid - Supraspinatus
process

Subacrominal bursa K
Deltoid x% =
Subcoracoid bursa A -_
Subdeltoid bursa%; 4 ! S

\. L i
Tendon sheath —W .. A
| -

Clavicle

Subscapular bursa

N — Subscapularis
1\ A \‘
Biceps brachii tendon—-—-—-—f—-.. — | 3
(long head) A\
‘ +— Scapula
Humerus —+—— /

Figure 2.
Bursae of shoulder joint [11].
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Scapulothoracic and glenohumeral joints move in tandem with the remaining eleva-
tion, with a 2:1 ratio of glenohumeral to scapulothoracic movement. Scapulohumeral
rhythm prevents from shoulder impingement [13].

2. Types of shoulder injuries
2.1 Overuse injuries

Bursitis, tendinitis (rotator cuff, biceps tendon, or both), and degenerative or
post-traumatic arthritis are examples of overuse injuries of the shoulder. The ele-
ments of overuse are repetitive activities and vigorous overhead movements, that is,
swimming, throwing. Overuse injuries are also frequently caused by impingement
syndrome, which is the impingement of the periarticular soft tissues between the
coracoacromial arch and the larger tuberosity of the humerus [14].

There are several possible causes of impingement.

Glenohumeral instability can be post-traumatic, as is frequently observed follow-
ing a shoulder injury, or atraumatic, as is frequently observed in swimmers and throw-
ers. Narrowing of the subacromial space results from glenohumeral instability, which
causes the humeral head to translate further in the anterosuperior direction. Weakness
and inflammation are the results of the impingement on the rotator cuff tendons [15].
Additionally, excessive scapular protraction and rotation can lead to impingement and
worse acromion mobility when the rotator cuff muscles and the scapular stabilizing
muscles (rhomboids, trapezius, and levator scapulae) are not balanced. Impingement,
instability, or both, in conjunction with an acute overuse syndrome, frequently result
in the inflammatory condition that causes a patient’s pain.

Complete rehabilitation depends on treating the acute inflammatory disease while
paying close attention to the underlying fundamental problem [16].

2.2 Trauma

Contusions, fractures, dislocations, subluxations, separations, and traumatic
impingement are the several categories of shoulder trauma. Usually, the clavicle,
proximal humerus, or both are affected by fractures.

The majority of shoulder dislocations occur anteriorly (90%) and less frequently
posteriorly (10%). Unfortunately, the rate of missed diagnoses for posterior shoulder
dislocations is intolerable. Additionally, a shoulder subluxation is sometimes disre-
garded as the reason why patients experience pain or functional instability. One of the
most frequent shoulder illnesses, acromioclavicular separation can range in severity.
Last but not least, traumatic impingement frequently causes a partial or total rotator
cuff tear, particularly in people over 40 [17].

3. Shoulder assessment

A comprehensive history and physical examination are the first steps in properly
evaluating any shoulder problem. The most common presenting sign of shoulder
injuries is pain and sometimes accompanied by weakness. Most of the time, a thor-
ough history results in an accurate diagnosis. Finding the triggering event is crucial
for both acute injuries and overuse injuries [12].
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It is important to take into account the patient’s age, occupation, side of domi-
nance, history of prior shoulder illnesses, and shoulder position at the time of injury,
the mechanism of injury and direction of force as well. Pain during overhead or
throwing activities may be a sign of impingement, instability, or both in cases of
overuse injuries. An inflammatory condition is represented by pain that is worse at
night or after using the affected shoulder.

Patients with shoulder pain who do not have a history of trauma or overuse should
have any major underlying causes, such as systemic arthritis, infection, cancer, or
heart disease, ruled out [18].

It is essential to expose both shoulders sufficiently to identify any small asym-
metry. The appearance of visible deformity brought on by fractures or disloca-
tions, edema, erythema, ecchymosis, or muscular atrophy should receive special
attention [19].

Range of motion (ROM) exercises that is active are subsequently carried out and
contrasted with those in the shoulder that is asymptomatic. Active range of motion
exercises should also be viewed from behind since shoulder movements require
moving the scapula. A painful arc of motion, typically between 60 and 120 degrees of
abduction, is the indicative of impingement syndrome in overuse injuries [20].

Weakness, pain, or both may be the cause of a restriction in an active range of
motions. A total rotator cuff tear is indicated by an inability to abduct the arm.

With or without a restriction in active range of motion, partial rotator cuff tears are
frequently accompanied by pain or noticeable weakness on strength testing. Passive
ROM can assist in identifying the cause of restricted active ROM. Passive range of
motion should not be limited in cases of overuse injuries. Active and passive ROM
restriction points to either adhesive capsulitis or a frozen shoulder. The most notable
finding in this case is a restriction on external rotation [21].

Pain from traumatic sources can limit both active and passive ranges of motion,
particularly when there is fracture or dislocation. Proximal humeral fractures and
dislocations are challenging to diagnose, and it has been estimated that up to 80% of
posterior locked dislocations go unnoticed by the first treating physician [22].

Certain tests, such the Jobe’s and Speed’s tests, are helpful in determining the
integrity of the supraspinatus and biceps tendons, respectively. The location of the
discomfort and dysfunction is then determined by palpation. In contrast to acute
trauma injury, which causes more localized pain, overuse injuries frequently cause
more widespread pain. It is easy to feel the biceps tendon in its groove directly medial
to the larger tuberosity over the humeral head. Bicipital tendinitis is associated with
palpable tenderness and pain on Speed’s test (Figures 3 and 4) [25].

When a shoulder dislocation occurs, the humeral head can frequently be felt either
anteriorly or posteriorly in relation to the glenoid, and upon examination, there is a
noticeable visual abnormality. Several maneuvers can reveal glenohumeral instabil-
ity. Attempts are made to slide the humeral head both anteriorly and posteriorly by
supporting the scapula with one hand while palpating the humeral head through the
deltoid [26].

Anterior instability can also be assessed using the apprehension test. The patient
is seated, and the examiner rotates the abducted arm externally puts strain on the
proximal humerus from the front. A “positive” result occurs when the patient feels
as though a subluxation is about to happen or when their muscles are strained. When
direct longitudinal pressure on the humerus causes a palpable deficiency beneath
the acromion, known as the “sulcus” sign, inferior laxity may be apparent. With a
history of the shoulder “popping out,” nonspecific glenohumeral pain, and associated
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Figure 3.
Speed test [23].

Figure 4.
Jobes test [24].

symptoms including numbness, tingling, weakness, and bouts of a “dead arm,” such
an abnormal finding would support a diagnosis of shoulder subluxation [27].

Since there may be damage to the brachial or radial arteries (or both), as well
as injury to the axillary, musculocutaneous, and ulnar nerves, associated neuro-
vascular structures should always be assessed, particularly in traumatic shoulder
conditions [28].

When diagnosing shoulder injuries, plain radiographs in both AP and lateral view
are the initial imaging step. Both are crucial for accurately diagnosing dislocations
and fractures.

About 75% of chronic dislocations and 25% of initial anterior dislocations will be
accompanied by a compression fracture of the posterolateral portion of the humeral
head. Further AP views with internal or external rotation are especially helpful in
proximal humeral fractures and will show the lesser and greater tuberosities of the
humeral head, respectively [29].

In addition to typical AP and axillary views, a genuine AP view (40 degrees pos-
tero-oblique projection) will display the glenoid in perspective to evaluate for overuse
problems. Acromial anatomy is a crucial finding in patients who may have suspected
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impingement because this syndrome may be exacerbated by a curved or hooked
acromion. Calcium deposits might indicate bursitis or calcific tendinitis. Degenerative
alterations surrounding the glenoid, such as sclerosis, osteophytic lipping, or both,
indicate instability or previous subluxation or dislocation [30].

Other diagnostic procedures include magnetic resonance imaging, computed
tomography (CT), and CT arthrography. In some circumstances, fluoroscopy or
magnetic resonance imaging (MRI) may be recommended. The preferred diagnostic
method for demonstrating soft tissue features like the rotator cuff or labral liga-
ments is magnetic resonance imaging with contrast. For trauma or to further define
bone pathology, computed tomographic scanning is helpful. In situations when MRI
scanning is not feasible, computed tomographic arthrography can be helpful. When
available, magnetic resonance imaging (MRI) is replacing fluoroscopy as the method
of diagnosis for impingement [31].

4. Shoulder injuries and joint pathologies
4.1 Rotator cuff tears

Four muscles make up the rotator cuff, which are supraspinatus, infraspinatus,
subscapularis, and teres minor. They attach to the humeral head via tendons and are
the key components that maintain shoulder function and stability. Any tear or detach-
ment of a tendon joining these muscles to humerus is known as a rotator cuff tear [32].

Since Codman in the 1930s, many theories have been proposed to explain the
origin of rotator cuff tears. Here, we go into the supporting evidence that these
concepts, which generally fall into “intrinsic” and “extrinsic” arguments. Neer origi-
nally put forward the impingement theory, the most renowned extrinsic pathogenic
component of cuff illness. According to Neer, acromial morphology was essential for
the process of partial tears, which eventually culminated in full-thickness tears due
to repetitive movement of the cuff beneath the acromion. Bigliani et al. categorized
acromions into three pathogenic groups: Type I, or flat, makes up 17% of cuff tears,
and Type II, or curved, and Type III, or hooked, represent 43% [33].

Intrinsic factors are the various processes that exist inside the rotator cuff itself.
The most common of them is the degenerative-microtrauma model, which indicates
that age-related tendon deterioration exacerbated by continuing microtrauma is the
root cause of partial tendon tears that eventually transform into massive rotator cuff
tears. After tearing, the deep fibers generally retract because they remain under stress
even when the arm is relaxed. This results in greater stress on the remaining fibers,
raising the risk of additional rupture. When a rotator cuff tendon is deteriorating,
oxidative stress induces tenocyte death, which further deteriorates the tendon, and
inflammatory mediators affect the local environment as a consequence of repeated
microtrauma [33].

4.1.1 Physical thevapy management

Below is a proposed five-phase rehabilitation protocol for patients undergoing
rotator cuff repair, which is customized based on the size of the tear and the condition
of the tendon tissue, which is consistent with recent studies and guidelines from the
American Academy of Orthopedic Surgeons (AAOS) and the American Society of
Shoulder and Elbow Therapists (ASSET) (Figure 5; Table 2) [35, 37].
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Figure 5.
Exercises for rotator cuff tears [34].

Phase 1 Complete immobilization (weeks 0-2). Active movement of the wrist and distal hand is permitted

Phase 2 Continued immobilization (weeks 2-6). The patient begins a protected PROM in the plane of the
scapula. With the arm at the side, the elbow’s active AROM is permitted. Under supervised physical
therapy, it is possible to transition from PROM to an AAROM in weeks four through six. The following
requirements must be met in order to proceed to the next stage—forward flexion or more than 120°,
external rotation of more than 30°, and without pain PROM.

Phase 3 Weeks 6-12—Able to move from AAROM to AROM with a supraspinatus electromyographic activity
rating of fewer than 15%. Complete and painless PROM and AROM with no compensation, no
shoulder shrugging and painless isometric exercises are necessities for progression.

Phase4 ~ Weeks 12-20 endurance as well as strength with a supraspinatus electromyographic rating of 30-49%.

Phase 5 Weeks 20-26 strengthening of supraspinatus with electromyographic levels of activity above fifty
percent [36].

Table 2.
Five-phase rehabilitation protocol for rotator cuff injury [35].

4.1.2 Pain management

The use of acetaminophen and NSAIDs is recommended for short-term pain relief
in patients with rotator cuff injury. Any patient with severe pain or a contraindication
to the above medication may be recommended short-term use of opioids for pain
relief by a clinician. Corticosteroid injections, platelet-rich plasma injections (PRP),
and hyaluronic injections for the reduction of pain and disability can be recom-
mended by a clinician but not as a first-line measure [38].

4.2 Shoulder impingement syndrome
4.2.1 Physical thevapy management

Impingement syndrome is a particular pathologic disease wherein the tendon of
the supraspinatus experiences irritation due to friction against the anterior third part
of the acromion’s under surface [39].

Shoulder impingement syndrome can be classified based on the underlying
etiology of the impingement (primary or secondary impingement) or the location
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of the impingement (internal or external). The soft tissue inside the subacromial
space can either physically or mechanically intrude, causing external or subacromial
impingement. On the contrary, internal impingement takes place when the rotator
cuff’s tendons infiltrate between the glenoid rim and humeral head. Most frequently,
internal impingement is connected to the supraspinatus as well as the infraspinatus
tendons.

Special tests are used to diagnose shoulder impingement syndrome. When used in
combination, the Jobe test, Neer sign, the Hawkins test, and a painful arc of motion
can define the picture of shoulder impingement syndrome, even though each test has
limited sensitivity and specificity on its own (Figures 6 and 7) [42].

With the goal of developing an organized conservative treatment plan, given
below is a program that integrates manual therapy, stretching, strengthening, and
education from multiple research studies [43-50].

Figure 6.
Pendulum exercise [40].
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Figure7.
Hawkins Kennedy and Jobe’s test [41].
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4.2.1.1 Acute phase, phase 1 (0-2 weeks)

Objectives: Improve scapular knowledge, restore pain-free range of motion, and

minimize pain and inflammation.

1. Stretching:
* Stretching the pectoralis minor (corner stretch)—Place the forearms on either
side of you while you stand in a doorway. Gently tilt forward, maintain the

stretch for 30 seconds, repeat five times.

* Stretching the posterior shoulders (cross-body adduction)—Pull the afflicted
arm over the chest five times, maintaining it for 30 seconds.

2.Painless ROM and Codman’s pendulum exercises:

Make little clockwise and anticlockwise circles while bending forward and
allowing your arm to hang. Two sets of 10 repetitions, 2 times a day.

* Towel/cane-assisted range of motion—For passive flexion as well as external
rotation, utilize a cane to internally rotate the arm behind the back, utilize a
towel.

3.The modalities:

* Heat/ice packs (depending on inflammation)—15 minutes after exercising.

* If recommended, ultrasound or iontophoresis for pain reduction and improve-
ment of ROM (Figures 8 and 9).

Figure 8.
Corner stretch [51].
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Figure 9.
YTWL exercises [52].

4.2.1.2 Intermediate phase, phase 2 (2 to 6 weeks)

Objectives: Enhance neuromuscular control as well as strengthen muscles of the
rotator cuff and the muscles that stabilize the scapula.

1. Strength training (high repetitions, small resistance)
* Isometric rotator cuff exercise: push against a wall both when the shoulder is in
internal rotation and external rotation, hold this for 5 seconds, and repeat 10

times.

* Stabilization of the scapula: scapular protraction (Supine): use a light weight
when pushing arms upward.

* Scaption as well as rows: perform three sets with elastic bands of 10 repetitions.
2.Manual therapy

* Joint mobilization using the Maitland technique for inferior/anterior glides.

* Supraspinatus deep tissue massage for soft tissue release.

3. Adjusting posture

* During relaxation of the upper trapezius, mirrored feedback is provided to
prevent the shrugging of shoulders.

¢ Foam rollers used during stretching for thoracic extension.
4.2.1.3 Advanced phase, phase 3 (6+ weeks)

Objectives: restarting activity, functional strength, as well as endurance.
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1. Dynamic strengthening using elastic bands

* Maintaining external rotation at 0° and abduction at 90° perform 3 sets of 12
repetitions.

* Push-up progress: begin by performing wall push-ups, then advance to knee
push-ups.

2. Using PNF patterns for proprioceptive training: rotator cuff hold-relax ap-
proaches.

* Assistive-resisted dynamic holds are an example of rhythmic stabilization.

3.Pectoral muscle/posterior shoulder routine stretching as a component of the
home exercise.

* Body weight exercises and use of band for strengthening three times a week
(Figure 10) [43-50].

4.2.2 Pain management

Tendinopathies have traditionally been managed by steroid injections. They
could still, however, worsen the damaged tendon’s potential to heal and promote
tendon atrophy. Furthermore, research has indicated that steroid injections alone
are not very effective. Growth hormones, along with other cytokines present in
platelet-rich plasma (PRP), an enhanced platelet blood plasma, help to reinforce
the body’s healing response. Regardless of the fact that PRP injections are often
used to treat tendon disorders, Foster et al’s systematic review of the literature
discovered that there is a lack of many controlled clinical studies that have effec-
tively determined both the safety and efficacy of treatments. They reached a

Figure 10.
Push Up [53].
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verdict that PRP is a promising but untested alternative therapy for tendon as well
as muscle injuries [38, 54].

4.3 Rotator cuff tendinopathy

A degenerative condition referred to as rotator cuff tendinopathy impacts the
tendons attached to the rotator cuff muscles. It is often brought on by aging, repeti-
tive overhead motions, or abnormalities in anatomical structure, such as a hooked
acromion. Tendon integrity becomes compromised by this tendinopathy, leaving
them susceptible to partial or full-thickness tears. As these tears get worse, they can
affect the shoulder’s biomechanics, leading the humeral head to shift superiorly and
the subacromial space to narrow down. Subacromial impingement is a consequence
of the aforementioned space restriction, which compresses the tendons as well as the
bursa when the arm is elevated. Impingement causes the tendon injury to worsen,
which reinforces the cycle of dysfunction and pain. If not treated, this progression
from tendinopathy to tear and further impingement can significantly affect shoulder
functioning [55].

Acromiohumeral distance, along with subacromial space, can be assessed with
diagnostic ultrasound, which is a viable and efficient technique. Rehabilitation might
be able to rectify the subacromial space reduction that develops after arm elevation
in approximately 45% of patients with RC tendinopathy. Research on the impacts
of RC muscle fatigue suggests that people with RC tendinopathy take a while to
return to normal condition and that the subacromial space shrinks following fatigue.
Furthermore, electromyography studies among individuals with RC tendinopathy
demonstrated a delay in activation of the muscles controlling scapular movement and
posture, as well as diminished RC muscle activation [56].

4.3.1 Physical therapy management

Exercise therapy is the first step in treatment. Strongest evidence is present for
eccentric strengthening:

* Slow lowering phase of external rotation using Theraband or cable.

* Eccentric external rotation while side-lying (for 3-4 seconds, lowering the arm
from 90° abduction).

* Performed five times a week, 3 sets of 15 repetitions.
(For acute pain) isometrics:

¢ Submaximal external rotation or internal rotation holds at 0° of abduction five
times for 45 sec.

Additional interventions

* Manual therapy: Grade III-IV posterior capsule mobilizations to alleviate
stiffness.
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* Soft tissue release for the infraspinatus or teres minor muscle.

* To manage dyskinesia, prone Y/T/W exercises and rows are performed to help
stabilize the scapula [57, 58].

The treatment for rotator cuff tendinopathy resembles early-stage treatment for
impingement syndrome as seen in the treatment of impingement above (Figure 11).

4.4 Adhesive capsulitis

A common but not very well understood disorder, which leads to shoulder pain
and limitation in range of motion, is adhesive capsulitis. It may manifest either by
itself or in combination with diabetes mellitus or other shoulder disorders (e.g.,
bursitis or rotator cuff tendinopathy). A painful stage, a freezing stage, and a thawing
or healing stage are the three consecutive stages of adhesive capsulitis. However, this
classification has not been backed by any research, and its clinical relevance is dubi-
ous. Every phase of adhesive capsulitis, which typically fails to progress in a progres-
sive manner, may lead to pain and a limited range of motion. Up to 10% of patients
never restore their full range of motion, and pain and diminished range of motion
may persist for as long as 2 years [59].

Adhesive capsulitis should be considered if there is a reduction of mobility with
forward flexion, abduction, along with external and internal rotations. To accu-
rately assess deficiencies, it is crucial to compare these movements on the afflicted
and unaffected sides. To guarantee a precise assessment of movement, the patient
must initially be requested to actively test their range of motion. If a loss of motion
becomes apparent, the doctor may passively assist with scapular stability. The Apley
scratch test, which is typically described in terms of the most significant vertebral
level achieved, is the most commonly employed technique for determining internal

Neer Impingement Test

Figure 11.
Neer test (Al generated).
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Figure 12.
Tests for adhesive capsulitis [60].

rotation. Any plane with a full range of motion points to a different diagnosis
(Figure 12) [60].

4.4.1 Physical therapy management
4.4.1.1 Manual therapy

* Joint mobilizations (Maitland, Kaltenborn): Early-stage Grade I-II oscillations
(pain management).

* Inferior/posterior glides, called Grade III-IV mobilizations, are used to increase
capsular elasticity.

* When coupled with exercise, High-Grade Mobilizations (HGM) substantially
improve a range of motion (Jain et al.).

* Soft tissue mobilization: Reducing stiffness in the pectoral as well as scapulotho-
racic regions (Table 3; Figure 13).

4.4.1.2 Pain management

* Cryotherapy and heat: For pain relief, apply heat before therapy and ice follow-
ing therapy.

19



Shoulder Injuries and Treatment

Phase 1 (Acute/painful stage) * Gravity-assisted range of motion exercises using a pendulum (Codman’).

Using a pulley for flexion/abduction, or a therapist assisting in passive

stretching.
Phase 2 (Stiffness dominates ¢ AAROM (wall crawls, wand exercises)
in this stage) * Crossbody and sleeper stretches, which are capsular stretches
Phase 3 * Internal and external rotation using a Theraband for rotator cuff
strengthening in the third phase, which is the recovery stage.
* Prone Y/T/W exercises and rows for scapular stabilization.
Table 3.

Exercise therapy protocol for adhesive capsulitis [61].

~ A

Figure 13.
Exercises for adhesive capsulitis [62].

* TENS and ultrasound have little evidence, but they may assist with the pain
management.

* NSAIDs: Used for pain management.

4.4.1.3 Additional therapies

* Corticosteroids in the form of injections: Brief pain reduction (PT should begin
in 2 to 4 weeks).

* When combined with PT, hydrodilatation (capsular distension) boosts
results [63].

4.5 Shoulder instability

Excess translation by the humeral head inside the glenoid fossa causes shoulder
instability, which may culminate in discomfort, subluxation, as well as dislocation.
Traumatic damage (such as falling on an outstretched arm can cause anterior disloca-
tion) or repetitive microtrauma (frequent in athletes with overhead activities) is the
principal mechanism. Bankart lesions (labrum detachment) and capsular laxity are
typical examples of structural damage, whereas neuromuscular dysfunctions can
result in functional instability (rotator cuff weakness, scapular dyskinesia). Because of
inadequate dynamic stabilizers (muscle coordination) and static stabilizers (ligaments/
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labrum), persistent instability is common, particularly in young individuals. The MRI/
arthroscopy and the apprehension test assist in diagnosis affirmation [64].

4.5.1 Physical therapy management
4.5.1.1 Acute phase, stage 1 (0: 4 weeks)

Objectives: Preserve healing tissues and decrease pain, along with inflammation.
Interventions:

* Relative rest (avoid exacerbating positions, sling for ease).
* Isometrics (submaximal contractions of the scapula as well as the rotator cuff).
* Pendulum exercises (gravity-assisted range of motion).
* Pain relief methods include TENS and cryotherapy.
4.5.1.2 Intermediary period, stage 2 (4-12 Weeks)
* Objectives: restore neuromuscular control as well as dynamic stability.

* Interventions include progressive strengthening of rotator cuff external and
internal rotators, as well as scapular stabilizers.

* Variations of plank and wall push-ups, which are closed-chain exercises.

Figure 14.
Push Up progression [65].
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* Exercises to improve proprioception (unstable surface training, PNF patterns).
4.5.1.3 Advanced, stage 3 (12+ Weeks)

* Rehab customized for a sport or activity and recurrence avoidance are the goals.

* Plyometric exercises (resisted rotations, ball throws).

* Overhead stabilization using kettlebell carries.

* Drills customized for a particular sport (gradual return to contact or throw)
(Figure 14) [66].

4.6 Labral tears

Shoulder pain and instability are frequently brought on by glenoid labrum tears,
which were formerly classified into anterior (Bankart), posterior (Reverse bankart),
as well as superior labral tears (SLAP). A history obtained as part of the diagnostic
process for labral tears pays special attention to clicking, shoulder instability, as well
as pain during overhead activities. Apprehension, load and shift, inferior sulcus sign,
and relocation, along with crank tests, were each component of the physical examina-
tion. MRI and shoulder arthroscopy can be used; however, physical examination is a
more accurate predictor of glenoid labral tears than MRI [67, 68].

4.6.1 Physical therapy management
4.6.1.1 Non-operational management

* Top prospects: Partial tear, particularly type I or II SLAP.
* Athletes who do not perform overhead activities.

* Lack of mechanical signs, such as locking (Figures 15 and 16)

Figure 15.
Quadruped drills [69].

22



Shoulder Rehabilitation
DOI: http://dx.doi.org/10.5772/intechopen.1011398

Figure 16.
Upright row [70].
Phase 1 (Weeks 1-6) * Use ice as well as modify activity to decrease inflammation
¢ Scapular stabilization through quadruped drills and rows.
* Isometric activation of the rotator cuff
Phase 2 (Weeks 6-12) * Eccentric strengthening of external and internal rotators at 45° abduction.
* Progressively increase ROM while avoiding the 90/90 external/internal
rotation position
Table 4.

Physical therapy protocol for labral tears [71].
The physical therapy protocol (Table 4):

Indications for surgery:
* Overhead athletes with type II-IV SLAP tears.
* Bankart lesions with recurring instability.

* PT failure: no improvement even after 3-6 months.

Rehabilitation following surgery

* Bankart lesion repair: 4 weeks of immobilization preceding gradual range of
motion, external rotation will be restricted for up to the 6th week.

* SLAP lesion repair: 8 to 12 weeks of no active bicep loading.

* Overhead movements are delayed for up to 12 weeks.

5. Conclusion

The shoulder joint is especially prone to damage and dysfunction because of
its extensive range of motion and intricate anatomical structure. The anatomy and
biomechanics of the shoulder complex have been thoroughly covered in this chapter,
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with special attention paid to the delicate balance between stability and mobility that
is preserved by both static and dynamic structures.

We discussed the clinical manifestations, diagnostic methods, and underlying
pathophysiology of common shoulder diseases, including tendinopathy, adhesive
capsulitis, shoulder impingement syndrome, rotator cuff tears, and various types of
instability. In-depth evaluation techniques were also covered in order to help physi-
cians correctly diagnose and distinguish between shoulder disorders.

An evidence-based approach to rehabilitation, with well-defined procedures catered
to particular illnesses and stages of recovery, was at the heart of this chapter. In order
to restore function, lessen pain, and stop recurrence, these included manual therapy,
therapeutic exercises, neuromuscular re-education, and pain management techniques.

This chapter is a useful tool for physicians, physical therapists, and students work-
ing on shoulder diseases since it combines in-depth anatomical information with the
clinical best practices. Optimizing patient outcomes and fostering functional rehabili-
tation need a deep comprehension and implementation of these concepts.
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Nomenclature

GH Joint (glenohumeral joint)  aball-and-socket synovial joint between the head of
the humerus and the glenoid cavity of the scapula.
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SC Joint (sternoclavicular joint) a saddle-type joint between the sternum
and clavicle.

AC Joint (acromioclavicular joint) a plane joint between the acromion of the
scapula and the clavicle.

SLAP lesion superior labral anterior to posterior tear in
the glenoid labrum.

Bankart lesion a tear of the labrum due to anterior shoul-
der dislocation.

SITS muscles supraspinatus, infraspinatus, teres minor,
subscapularis—components of the rotator
cuff.

PROM passive range of motion—movement
performed by the therapist without patient
effort.

AROM active range of motion—patient moves joint
without assistance.

AAROM active-assisted range of motion—move-
ment assisted by therapist or equipment.

ROM range of motion—the extent of movement
of ajoint.

PRP platelet-rich plasma—blood plasma enriched
with platelets, used in regenerative therapy.

NSAIDs non-steroidal anti-inflammatory drugs—

medications used to reduce inflammation

and pain.

A.Special tests for shoulder evaluation

See Table Al.
Test Purpose Associated condition
Neer test Impingement Shoulder impingement syndrome
Hawkins-Kennedy test Impingement Subacromial impingement
Jobe’s test Supraspinatus integrity Rotator cuff tear
Speed’s test Biceps tendon pathology Bicipital tendinitis
Apprehension test Instability Anterior shoulder instability
Sulcus sign Inferior laxity Shoulder subluxation
Crank test Labral tear detection SLAP lesion, Bankart lesion
Apley scratch test ROM assessment Adhesive capsulitis

Table Ax.

B.Rehabilitation protocol overview
See Table A2.
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Phase Goal Key interventions
Phase 1 Immobilization and pain control Passive ROM, pendulum exercises, cryotherapy
Phase 2 Protected mobilization PROM — AAROM, scapular control, isometrics
Phase 3 Strengthening AROM, rotator cuff strengthening, posture correction
Phase 4 Advanced strength and endurance Resistance bands, proprioceptive training
Phase 5 Return to function Plyometric drills, sport-specific training

Table A2.
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Abstract

Shoulder pain is a prevalent musculoskeletal condition that might be influenced
by the cervical spine, with this phenomenon being frequently overlooked in clinical
assessments. This diagnosis could be named cervical contribution, and the intricate
relationship between cervical pathologies and shoulder pain is underscored by vari-
ous studies indicating that cervical structures may refer pain to the shoulder. This
relationship highlights the importance of considering cervical contribution when
diagnosing and treating shoulder pain, as traditional assessments may fail to account
for these interdependencies. In clinical practice, the misdiagnosis of shoulder pain as
purely shoulder-related, without considering cervical factors, can lead to ineffective
treatment strategies and poor patient outcomes. Therefore, a comprehensive evalu-
ation that includes cervical spine assessment is essential for accurate diagnosis and
effective management of shoulder pain. This chapter aims to elucidate neurophysi-
ological, biomechanical, and clinical reasoning supporting the cervical contribution
to shoulder pain, advocating for a more integrative approach in clinical settings.

Keywords: shoulder pain, cervical contribution, cervical spine, diagnosis, physical
therapy, clinical reasoning

1. Introduction

Shoulder pain diagnosis has historically followed a pathoanatomical perspective,
distinguishing between intrinsic and extrinsic origins [1]. Although most shoulder
discomfort might have an intrinsic origin (e.g., rotator cuff-related shoulder pain,
acromioclavicular joint pain, biceps tendinopathy), the presence of referred pain
from extrinsic structures may exist. Indeed, pain arising from the cervical and/or
thoracic spine could also be considered an extrinsic entity. Besides this, referred pain
could also constitute an indicator of more serious conditions [2].

Therefore, the presence of systemic symptoms such as fever, weight loss, and/
or associated respiratory problems is a possible indicator of an extrinsic source of
shoulder pain and, more specifically, of serious pathologies. For instance, pathologi-
cal conditions such as myocardial ischemia, polymyalgia rheumatica, metastasis, apex
lung cancer, pneumonia, or cervical nerve root compression could be the source of
extrinsic shoulder pain [2, 3]. In this manner, the first step in managing a shoulder
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pain patient is ruling out serious pathology. This screening phase should not be
regarded as trivial, and clinicians should take this into account.

1.1 Musculoskeletal shoulder pain

When having ruled out serious pathology and thus managing musculoskeletal
shoulder pain, clinicians are still overusing unreliable orthopedic tests and imaging
[4], when it might be the time to definitely abandon the pathoanatomic model in
favor of the biopsychosocial model [5].

Therefore, musculoskeletal shoulder pain might involve nociceptive mechanism
arising from peripheral structures (e.g., muscles, tendons, joints, ligaments, inter-
vertebral discs), at least initially. Although this is a plausible explanation, it is not
possible to confirm that the pain experienced by a person is caused by a particular
structure, with a 100% probability.

In this context, it is known that pain is complex and multifactorial, so patients
often describe musculoskeletal pain as diffuse, responding to on-and-off onset of
pain and a more or less localized pain distribution, depending on the temporal stage.
In these cases, peripheral and central sensitization mechanisms have been suggested
that could play a significant role in its production and persistence [6]. In addition, this
type of condition typically presents signs and symptoms in the deltoid area, arm, and
scapular region. Common characteristics include stiffness and loss of mobility, often
resulting in limitations in daily activities [7]. Additionally, pain usually changes with
movement and/or rest and shoulder pain that symptomatically responds to postural
changes or repeated movements may be considered mechanical in nature [8].

Nevertheless, in cases where central processing mechanisms are assessed and
identified as predominant, the movement might not be as relevant as the patient’s
beliefs and attitudes regarding their pain. In musculoskeletal shoulder pain, similar
to other conditions, these aspects can influence pain perpetuation and determine the
ineffectiveness of certain treatments [9].

1.2 Shoulder pain subclassifications

Given the aforementioned, a paradigm shift in shoulder pain management,
specifically in clinical reasoning and diagnosis, might be deemed necessary. As previ-
ously mentioned, due to the fact that pain experience is individual, multifactorial,
and contextual [10, 11], the pathoanatomical model does not seem justified based on
available scientific research [12, 13]. While diagnosis based on intrinsic and extrinsic
aspects may help to understand the pathogenesis and etiology of shoulder pain by
considering some biomechanical and neurophysiological interdependencies, it does
not resolve all conditionings to achieve accurate diagnoses. Therefore, in order to
overcome current difficulties with inter-examiner agreement in diagnosing shoulder
pain, it may be necessary to rely on subclassifying patients with easily and validly
reproducible common characteristics [14].

Throughout the years, various distinct subclassifications for shoulder pain have
been suggested [15-18]. In 2005, Mitchell et al. suggested a clinical algorithm to
classify shoulder pain, including diagnoses of referred pain from the cervical spine,
shoulder instability, glenohumeral joint disorders, rotator cuff disorders, and acro-
mioclavicular joint disease [3]. In 2014, another similar reasoning algorithm was
proposed, including the same subgroups of cervical origin pain, instability, glenohu-
meral joint disorders, and rotator cuff tendinopathy [19]. Both classification systems
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identified rotator cuff pathology as the most diagnosed disorder. A similar approach
has been reported lately, with the rotator cuff problems being the highest prevalent
condition but closely followed by stiff shoulder problems and cervical contribu-

tion [20]. This agrees with other studies reporting that up to 85% of patients with
shoulder pain showed rotator cuff tendinopathy [21]. Overall, it is possible that the
high prevalence of findings related to rotator cuff pathology represents a key factor
that has drawn the attention of both clinicians and researchers in a manner that other
interconnections (e.g., cervical spine) have been overlooked.

When considering shoulder pain diagnosis and subclassification, the cervical
contribution is a shoulder diagnosis that might encompass other terms that have been
lately reported such as cervical origin or cervical derangement [22-27]. Furthermore,
some authors argued that the cervical spine should be examined, and its involvement
excluded, prior to any other specific shoulder diagnosis hypothesis [28-30].

2. Cervical contribution in shoulder pain

Although still limited, scientific literature regarding cervical contribution in
shoulder pain is indeed experiencing a growing momentum, and it increasingly
seems that this interregional influence may have a relevant role in shoulder pain
management.

Considering the idea that the clinical decision-making process might be wrong if
it fully relies on the anatomical region presenting symptoms [28, 30-32], it is worth
noting that inadequate patient management may come from diagnosing a shoulder
problem when in reality we do come across with a neck-related shoulder problem [25].

Building on this idea, some authors suggest that the cervical spine should be
assessed first, and its involvement ruled out before establishing a specific shoulder
diagnosis [28-30]. A recent Delphi study has attempted to establish a consensus
on spine screening in patients with shoulder pain, incorporating strategies such as
assessing changes in shoulder symptoms with neck movements or active cervical
movements [33]. Even though new integrative approaches have been proposed [34],
the most effective methods for screening the cervical spine in cases of shoulder pain
have yet to be determined [35, 36].

In fact, since establishing a diagnosis based on the nociceptive source of symptoms
currently seems not to be possible, this approach should be reserved for academic
situations, while in clinical practice, principles of clinical reasoning based on symp-
tomatic responses to mechanical stimuli during evaluation and treatment should be
applied [8].

In this regard, it has been described that sustained or repeated cervical movements
can modify shoulder pain, and if this is found as a significant finding during exami-
nation, cervical contribution can be considered a diagnostic hypothesis [8, 25].

In this manner, cervical contribution in shoulder pain should be comparable to
what usually occurs in low back pain: to confirm sacroiliac involvement in low back
pain, it is necessary to first rule out the lumbar origin so that sacroiliac tests can
achieve high specificity. This has been studied in the presence of the centralization
phenomenon, specific to discogenic pain [37]. In other words, if sacroiliac tests are
performed in situations of discogenic referred pain, these tests might yield false
positives, hence the need to first rule out discogenic pain to increase the diagnostic
validity of sacroiliac tests is shown [37]. A similar scenario might occur in shoulder
pain, as it has been described that shoulder-specific orthopedic tests may yield
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false-positive results in patients with shoulder pain when underlying spinal disorders
remain undiagnosed [38]. Therefore, it might be necessary to first rule out cervical
contribution when managing shoulder pain patients. And this is not only necessary in
research for epidemiological studies but also to improve and guide interventions and
prognosis within clinical practice scenario [8, 28, 30-32].

Regarding the cervical spine contribution in shoulder pain, there is no homogene-
ity in the used terms. About four observational studies found in the literature, two of
them used the term ‘cervical origin’ [25, 26], one employed the term associated with
The McKenzie system of Mechanical Diagnosis and Therapy (MDT), which is ‘Spinal
Derangement’ or ‘Cervical Spine Derangement’ [24], and one used the ‘Cervical
Contribution’ [34]. Similarly, other observational studies used terms like ‘spinal
contribution’ to distal problems, referring to radiculopathy conditions associated with
electromyographic changes [39] or radicular problems, for instance, radiculitis [40].
Regarding the actual diagnostic description in the first three mentioned studies, Karel
etal. [26] did not define the criteria used to identify patients with shoulder problems
originated from the cervical or thoracic region. Heidar Abady et al. and Rosedale
etal. [24, 25] made a similar consideration, understanding a cervical diagnostic
categorization as a positive symptom modification response exclusively associated
with cervical spine treatment. Finally, Roldan-Ruiz et al. established that cervical
contribution might be considered if a > 30% symptom modification occurred after
neck approaches [34].

2.1 Spine and shoulder biomechanics

The biomechanical connection between the cervical spine and shoulder girdle
suggests that dysfunction in cervical structures can lead to altered shoulder mechan-
ics, thereby contributing to pain [41, 42]. In this context, the biomechanical relation-
ship between the cervical spine and shoulder mobility remains largely unexplored.
Only one study has investigated the mechanical response of the cervical spine during
shoulder abduction, reporting that cervical vertebrae exhibited contralateral rota-
tion up to 90° of shoulder abduction, with the greatest rotation occurring at the C6
vertebra (5.2°) [43].

Indeed, regarding shoulder and spine biomechanics, the thoracic spine has
always been the region considered a key contributor to overhead movements [44],
setting the cervical spine aside in this matter. Notably, individuals with subacromial
impingement exhibit greater deficits in thoracic mobility within the sagittal and
frontal planes compared to those without shoulder pathology [45, 46], with this being
linked to increased thoracic kyphosis in individuals with this shoulder condition [47].
Similarly, patients with rotator cuff-related shoulder pain exhibit reduced thoracic
spine flexion, extension, and rotational mobility compared to asymptomatic indi-
viduals [48].

2.2 Neck neuromuscular control and shoulder function

The relationship between upper limb movements and cervical neuromuscular
control is justified by the feedforward systems, where muscular activity stabilizes the
head and neck when upper limb movement is produced, and this process arises from
the activity of deep neck flexors [49-51].

The interplay between neck function and shoulder pain is a complex, intercon-
nected relationship where changes in one component may influence the others.
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Observational studies have highlighted this association, such as research on elite
handball players, which found a significant correlation (r = —0.70, p = 0.02) between
cervical motor control dysfunction—identified through the craniocervical flexion
test—and shoulder pain [52].

Additionally, improvements in neck pain have been observed following interven-
tions focused on scapular positioning, emphasizing the role of axioscapular muscles
in cervical function [53]. Moreover, studies indicate that repeated sagittal plane
cervical movements can enhance cervical muscle function, as assessed by the cra-
niocervical flexion test, suggesting a link between cervical joint integrity and muscle
performance [54].

Given these findings, it is plausible that cervical neuromuscular control influences
upper limb movement. A potential explanation for this is that deficits in deep cervi-
cal flexor muscles may contribute to suboptimal baseline conditions for upper limb
mobility, leading to non-optimal movement patterns. This supports the possibility of
a bidirectional interaction between cervical and shoulder function concerning neu-
romuscular control. However, while these associations offer valuable insights, further
research with rigorous control of confounding variables is necessary to determine
whether these relationships are causal.

2.3 Neck-related shoulder pain neurophysiology

To provide a rationale for shoulder pain produced or influenced by the cervical
spine, it is needed to understand referred pain mechanisms.

Pain originating from the cervical spine can extend beyond the neck, affecting the
shoulder, upper limb, and even the anterior or posterior chest wall. Structures such
as zygapophyseal joints (Figure 1), ligaments, muscles, and intervertebral discs have
been identified as potential sources of this referred pain. Studies have demonstrated
that stimulating lower cervical spine joint levels (C4-T1) can trigger pain in the
shoulder and upper limb [55-59], supporting the idea that cervical dysfunction may
contribute to symptoms in these areas. Similarly, mechanical and electrical stimula-
tion of intervertebral discs has been associated with pain in the posterior thorax and
scapular region, further reinforcing the cervical spine’s role in referred pain [60].

/‘: ; I“".I‘ f‘l ..“'-_ :"-. / f"/ \ ‘\\ \

Figure 1.

Shoulder referred pain from C5-C6 and C6-Cy cervical facet joints. Adapted from Cooper et al. [55]. Edited by
biovender.com
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Interestingly, evidence suggests that neck-related shoulder pain can sometimes be
alleviated through interventions targeting the shoulder itself. In one study, 30 out of
34 patients experienced neck pain relief following lidocaine and cortisone infiltration
in the subacromial space, thus underscoring the complex relationship between cervi-
cal and shoulder pain [61].

Although patterns of referred pain from cervical structures have been docu-
mented, pinpointing the exact structure responsible for generating symptoms
remains challenging [62]. This difficulty aligns with the understanding that pain is
not merely a direct response to tissue damage but rather an inferential process that
integrates multisensory information [63]. Consequently, even if a therapy success-
fully alleviates symptoms, this does not necessarily confirm the treated area as the
origin of the pain.

These considerations are essential when interpreting pain through biopsychosocial
and enactive models, which emphasize its complexity and the interplay of biological,
psychological, and social factors [5, 64-66]. Therefore, a comprehensive approach to
pain assessment and treatment should account for these multidimensional influences
rather than focusing solely on anatomical sources.

Even if the exact mechanisms of referred cervical pain remain unclear, some stud-
ies suggest that the convergence of afferent pathways in the central nervous system
may play a crucial role. This convergence implies that the central nervous system
receives afferent fibers from two different peripheral areas through the same second-
order neuron, which carries the information to the brain. Because of this, an afference
from one of the zones can be interpreted as coming from the other [67].

In the case of referred cervical pain, afferences from the cervical spine converge
with neurons that carry afferences from peripheral regions such as the chest wall,
upper limb, or head, which may explain referred pain in the shoulder from the cervi-
cal spine [60]. Despite being able to explain part of the underlying mechanisms of
this phenomenon, the convergence theory seems insufficient due to various intrinsic
aspects of referred pain: it depends on the intensity of nociception, appears with a
temporal delay from the onset of nociception, and often is extrasegmental. In this
regard, referred pain largely depends on neuroplastic changes that might be associ-
ated with central sensitization [68]. Among these changes lies the genesis of new
collateral synapses in the dorsal horn of the spinal cord in different spinal segments.
In other words, if nociceptive stimulation is intense or persistent (intensity and dura-
tion of the stimulus), the overstimulation of dorsal horn neurons predisposes them
to generate action potentials that promote the development of this new network of
collateral synapses at different levels of the spinal cord. This will cause the expansion
of medullar receptive fields, different from those corresponding to the initial dam-
aged area (wind-up phenomenon). For this reason, patients may develop symptoms
in distant areas different from the injured zone, even in extrasegmental areas, this
being something that could not be fully explained by the convergence theory.

2.4 Clinical reasoning in neck-related shoulder pain

As it has been reported that shoulder and neck symptoms may overlap and confuse
clinicians [28], it is necessary to guide physical evaluation within a clinical reasoning
framework. In that context, clinical history data may predispose the therapist to carry
out a cervical assessment in a shoulder pain patient. For instance, neck pain coexisting
with shoulder symptoms [55], experiencing neck pain prior to the shoulder’s symp-
toms onset [34], a diagnosis of rotator cuff-related shoulder pain [20], a decrease of
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cervical range of motion [62, 69], shoulder symptoms modification with neck move-
ments [62], non-clear shoulder pain diagnosis, conserved shoulder range of motion
[27, 62], previous cervical surgery [70, 71], bilateral symptoms or symptoms distal to
the elbow might be some examples. Finally, the presence of centralization after neck
treatment has been reported to be associated with cervical contribution [34].

3. Treating the neck in shoulder pain patients
3.1 Repeated movements

Neck-related shoulder pain patients have been largely considered from the MDT
system [72], with several research published in this matter, including case reports
[8, 73], case studies [22, 23], and observational studies [24, 26, 74].

In the observational studies, shoulder patients improved their symptoms with
neck repeated movements, thus considering them ‘Cervical Derangement’ patients,
that is, neck-related shoulder patients. That happened in 29% of subjects (n = 82),
with a full resolution of symptoms in 37% after 2 weeks and in 82% of them after
4 weeks [24]. Similarly, it was reported in 47.6% of 84 subjects [74] and in 17% of
316 participants [26]. Finally, the highest prevalence data of cervical contribution
has been reported at 50% in a 60 subjects’ sample, with this consideration not being
exclusively related to the MDT system [34].

3.2 Spinal mobilizations with arm movements

From a similar perspective, the Mulligan Concept also proposes some approaches
to address shoulder pain with cervical treatment: under its Spinal Mobilization With
Arm Movements (SMWAM), it employs passive accessory cervical mobilization
associated with active shoulder movement to improve restricted or painful shoulder
movements [75]. Related to this, the importance of mobilizing the C4 vertebra has
been reported, as it allows stimulation of the cervical nerve C5, responsible for a
significant portion of shoulder innervation [76].

3.3 Passive accessory mobilizations

Similarly, it has been demonstrated that classical joint mobilization techniques,
such as posterior-anterior and anterior-posterior mobilizations, lateral glides, and
cervical manipulations, may improve shoulder pain and function [77-83], show-
ing similar effects regardless of the different applied mobilization modalities [77].
Furthermore, cervical mobilizations seem to induce hypoalgesia and sympathoexcit-
atory effects, which could be reached by the activation of the descending inhibitory
mechanisms of the periaqueductal gray matter, as well as induce changes in cervical
muscle function [84].

To the best of the author’s knowledge, there is only one study that has demon-
strated the lack of value of cervical treatment in shoulder pathology, as no benefit
was found in adding cervical manual therapy to the impingement treatment [85].
Considering the discrepancy with other research, the authors themselves propose
possible justifications such as the lack of dosage in the administered treatment or the
potential ineffectiveness of treating the cervical spine in patients without concomi-
tant cervical problems [85].
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4, Conclusions

The shoulder region and cervical spine may work as an inseparable functional pair
due to their neurophysiological, metameric, biomechanical, and myofascial connec-
tions. While lower back origin is commonly considered for gluteal, groin, or leg pain,
cervical influence is not commonly taken into account for shoulder patients. Similarly,
the lack of defined and standardized evaluation tools and diagnostic labeling is a
major limitation that might severely impact the decision-making and clinical reason-
ing processes in clinical practice, as well as the homogeneity of selection criteria
applied to different samples in research.

Repeated cervical movements improving shoulder symptoms, cervical mobility
reproducing or modifying shoulder symptoms, or radicular symptoms are factors
typically described to identify cervical involvement in SP. However, there is no
standardized criteria or studies verifying the reliability of these examinations. Most
studies only consider cervical involvement in cases of radicular pain or radiculopa-
thy, but do not encompass the idea of the cervical spine as a participant in potential
somatic shoulder referred pain.

This reality might lead to unintentionally heterogeneous samples in research.
Shoulder pain patients with CC might be included in studies investigating treatment
effectiveness for other specific shoulder pathologies. Therefore, overlooking this clini-
cal diagnosis may result in misguided or misdirected treatments: directing treatment
to the shoulder in a patient with cervical involvement compromises treatment effects
and makes research and clinical applicability imprecise [35].

The exposed data underline the need for further research to enhance the under-
standing of this clinical phenomenon. While cervical involvement is gaining attention
in literature, it remains one of the commonly overlooked hypotheses when diagnosing
shoulder patients. Despite this, what seems to be clear is that the cervical spine should
be examined before attempting any specific shoulder diagnosis [28]. Although its
high prevalence has been reported, a proposal on how to diagnose this condition still
needs to be established.
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Chapter 3
Anterior Shoulder Dislocation

Svetoslav Dobrilov

Abstract

Anterior shoulder dislocation is the most common traumatic injury in the upper
extremity. With increased sports activity among patients in different age groups,
these injuries are becoming more frequent. First-time dislocators are becoming more
important as a specific diagnosis and treatment group due to acquired pathology after
shoulder dislocation. Improved diagnosis and evaluation of these pathological condi-
tions in shoulder anatomy lead to appropriate treatment and fast and early recovery,
especially in highly active athletes. Soft tissue injury (Bankart) and bony pathology
(bone Bankart/Hill-Sachs) are still the most important issues that the surgeon had to
diagnose properly, thus treat appropriately. Bony changes in shoulder anatomy are
becoming more important, and a treatment algorithm should be specified.

Keywords: anterior shoulder dislocation, recurrent dislocation, glenoid bone loss,
instability, humeral head bone loss

1. Introduction

The human shoulder is unique among the large joints in that it is the most mobile
and used joint, even in the smallest routine movements. This range of motion is
possible due to the interaction between the large humeral head and the small glenoid
fossa. However, this is a prerequisite for instability and dislocation when reaching
extreme ranges of motion. The stability of the joint is ensured by a delicate balance
between static and dynamic stabilisers [1]. Static stabilisers are the glenoid labrum,
glenohumeral ligaments, joint capsule, and rotator cuff. Dynamic stabilisers are the
muscles around the scapula (rotator cuff) and the shoulder. Any imbalance in this
relationship leads to instability of the joint and is a prerequisite for dislocation. Due
to the fact that, in instability, the anatomical integrity is disrupted, especially of the
static stabilisers, knowledge of their normal anatomy is essential.

Shoulder stability depends on the structural and functional relationship between
these components. Of great importance for the functioning of the static stabilisers are
the normal version of the glenoid and joint congruence, negative intra-articular pres-
sure, the glenohumeral ligaments and the labrum. There is considerable variability in
the “normal” version of the proximal humerus, according to Boileau and Walsh—a
retroversion angle of approximately 20° compared to the transepicondylar axis of the
distal humerus is characteristic of a large part of the population. Glenoid version is
also variable relative to the axis of the scapula [2]. Despite the limiting and “stabilis-
ing” effect of the native retroversion of the bony anatomy of the glenohumeral joint,
anterior dislocation, and instability remain the most common pathology. This chapter
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reviews the pathomorphological changes after anterior shoulder dislocation, the
diagnostic options for their definition, and the therapeutic algorithm for treatment.
Undoubtedly, this pathology brings with it shoulder instability, which, however, is not
the main topic of this presentation, although the two topics are related.

2. Pathomorphology

Traumatic shoulder dislocation is a condition defined as a lack of contact between
the articulating surfaces of the humeral head and the glenoid fossa. Of course, in the
different types of shoulder dislocation, partial articular contact can be observed, but
it is not sufficient to achieve movement.

The shoulder is the most commonly dislocated large joint [3, 4]. When the static
and dynamic stabilisers are impaired, and the balance between movement and stabil-
ity is disrupted, usually after an external force is applied, the result is glenohumeral/
shoulder dislocation. The majority of dislocations occur in young patients between
the ages of 20 and 30. Males predominate in about 85-90% of cases. The typical
mechanism is trauma during physical activity or sports, when the arm is abducted
to 90° and externally rotated. The subsequent external rotation and often extension
causes a lever mechanism that dislocates the humeral head from the glenoid fossa.
Another mechanism is a fall forward with the arm extended and adducted, although
it is less common. Atraumatic dislocations occur mainly in multidirectional instability
with predisposing factors such as hyperlaxity and are significantly less common.

The incidence of shoulder dislocations in the population is 1-2% or 8.3-12.3 per
100,000/year [5, 6]. There are several types of glenohumeral dislocation depending
on the direction of dislocation of the humeral head relative to the glenoid fossa:

1. Anterior dislocation—the head of the humerus is anterior to the glenoid fossa
and is subdivided into several subtypes:

* Subcoracoid—the head is in front of the fossa but below the coracoid process.
* Subglenoid—the humerus is anterior and inferior to the glenoid.

* Subclavicular—the position of the head is anterior to the glenoid and medial to
the coracoid process (inferior to the clavicle).

* Intrathoracic—the head is anteromedial to the glenoid fossa, between the ribs.

2. Posterior dislocation—the head of the humerus lies behind the glenoid fossa.
There are:

* Subacromial—most common
* Subglenoid—the head is located posteriorly and below the glenoid
* Subspinal—medial to the acromion and below the scapular spine

3.Inferior dislocation (Luxatio erecta)—a rare injury in which the head of the
humerus is located just below the glenoid fossa.
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Over 95% of shoulder dislocations are anterior [7, 8]. The shoulder relies on static
(bony and ligamentous structures and adhesion/cohesion) and dynamic (rotator
cuff) stabilisers to maintain a stable position throughout the entire range of motion.
During abduction and external rotation, the IGHL (inferior glenohumeral ligament)
complex is the primary stabiliser against anterior glenohumeral translation.

In traumatic anterior humeral dislocation, the anteroinferior displacement of the
humeral head stretches the capsuloligamentous structures, resulting in the disinsertion
of the anteroinferior portion of the glenoid labrum (Bankart lesion). Other associated
injuries may include Hill-Sachs lesions, SLAP lesions, capsular and rotator cuff tears,
fractures of the glenoid rim (Bankart lesion), or the greater tubercle of the humerus.

The risk of recurrence after primary glenohumeral dislocation is highest in young
patients, reaching 87% within the first 2 years, with rates even higher in athletes and
physically active patients (86-100%) [9, 10]. This is due to acquired soft tissue and
bone damage, early return to professional sports, and poor response to rehabilitation.

The incidence of recurrence after traumatic dislocation among young patients is
significantly higher and reaches 66-94% under 20 years of age, 92% in patients aged
14-17 years, and 50-64% under 30 years of age [11-13].

2.1 Soft tissue pathomorphology

There are several pathological changes associated with the anteroinferior aspect of
the glenoid labrum. A Bankart lesion is classically described as a disinsertion/detach-
ment of the anteroinferior labrum along with the entrapped inferior glenohumeral
complex (IGHL). Bankart initially described the disinsertion of the labrum in four
patients with glenohumeral instability and referred to it as an “essential lesion.” He
later reported excellent results after labral reattachment (Bankart procedure) in 27
patients. A Bankart lesion occurs in 93.7% of chronic instability cases and in 78.2% of
acute instability cases. Sugaya et al., in a study of 100 patients, found a Bankart lesion
in 97 of them [14]. Similar data have been reported by many other authors [15, 16].

Shields et al., in a study of patients with anterior shoulder dislocation, found that
87% of cases had labral damage, and 79% had anterior capsule insufficiency [8].
Baker et al., in an arthroscopic study of traumatic dislocations, found 13% capsular
damage, 25% partial disinsertion (moderate Bankart) and 62% combined damage
[17]. Larrain et al., in a study of patients with traumatic instability, found capsular
damage in only 4%, partial labral disinsertion in 32%, and capsular tear and Bankart
damage in 64% [18].

Neviaser described the so-called ALPSA lesion (anterior labral periosteal sleeve
avulsion), which closely resembles a Bankart lesion but with one important differ-
ence: the anterior scapular periosteum is not torn, and the inferior glenohumeral
ligament, labrum, and periosteum are “slipped” and displaced like a sleeve, medial to
the glenoid neck [19].

Open treatment of glenohumeral instability has a high success rate, and although
arthroscopic Bankart refixation is currently preferred because of its atraumatic
nature, it does not always have consistently reliable results. The rate of poor and
unsatisfactory results ranges from 5% to 60% [20, 21].

Glenoid labral tear (GLAD) is a lesion first described by Neviaser as an articular
lesion of the anterior inferior glenoid in combination with labral damage [22]. These
lesions are rare and occur predominantly in young patients under 20 years of age who
are actively involved in sports. However, they are challenging due to the complex
chondral and labral damage.
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The SLAP lesions described by Snyder et al. were not initially considered to be
a consequence of shoulder dislocation [23]. Later, in a group of patients with gle-
nohumeral instability, anteroinferior labral and SLAP lesions were found [24]. All
shoulders had a complex labral disinsertion from 10’ oclock to 6" oclock (in right
shoulders) of the glenoid, corresponding to the entire posterosuperior, anterosupe-
rior, and anteroinferior labrum. Snyder et al. defined several types of SLAP lesions:
type I (11%) is a separation of the edge of the superior labrum; type II (41%) is an
avulsion of the labral-bicipital complex from the glenoid; type III (33%) a displaced
bucket-handle tear with intact biceps tendon insertion and type IV (15%) is a dislo-
cated type III tear but with involvement of the biceps tendon fibres [23]. Maffet et al.
added three more types to this classification [25]. Athletes using repetitive overhead
arm movements are prone to types I and II, while types III, IV, or VI are more typical
of falls on an outstretched arm. Types V and VII are characteristic of patients with
chronic instability [26].

Capsular avulsion from the humerus following shoulder dislocation was first
described by Nicola, and later, the lesion was defined in detail by Wolf as humeral
avulsion of the anterior glenohumeral ligament (HAGL) [27]. This term is used to
refer to lesions of the anterior glenohumeral ligament. Later, the term reverse HAGL
(RHAGL/PHAGL) came into use for lesions of the humeral insertion of the posterior
inferior glenohumeral ligament. In 2007, Bui-Mansfield classified six types of HAGL
lesions. They occur in about 7-10% of arthroscopic operations and in 1-10% of
patients with glenohumeral instability [28].

Rotator cuff tear in young patients is usually partial-thickness on the articular
side. This is the result of eccentric loading of the tendon during recurrent instability.
A full-thickness tear occurs in patients over 40 years of age and is suspected if there is
no motion and persistent pain 3 weeks after the primary dislocation [29].

There are multiple anatomical factors related to the stability of the glenohu-
meral joint. Joint congruence has a concave-compression effect, which could be
altered due to glenoid dysplasia or fracture. The function of the glenoid labrum is
to increase the depth of the fossa and articular surface and to provide additional
stability. Around it, there are multiple ligament attachments. After the Bankart
lesion, detachment of the capsule or ligaments leads to instability. Negative intra-
articular pressure has a vacuum effect on the joint. Glenohumeral ligaments are
restrictors to a certain range of motion, and their damage is responsible for a great
number of instability cases. Other minor stabilisers are the posterior capsule and
rotator cuff. Long head of the biceps tendon is a dynamic limiter of the anterior
and superior translation of the humeral head, and SLAP tears could lead to motion-
related shoulder pain.

In addition to soft tissue pathoanatomical changes, glenohumeral instability also
involves bony changes—of the humeral head, the glenoid labrum, or both. When
bony changes contribute to the instability, it can be defined as “complex.” The impor-
tance of bony defects increases gradually after multiple recurrences of instability,
after a soft tissue stabilisation procedure.

2.2 Bone pathomorphology

Current understanding of the pathomorphology of anterior shoulder disloca-
tion defines bony defects of the glenoid and humeral head as almost mandatory
[11, 30-34]. They lead to instability because they alter the morphology of the
articulating surfaces and the surrounding stabilising factors [35].
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Several studies have demonstrated extremely unsatisfactory results after isolated
soft tissue stabilisation without taking into account significant bony changes in the
glenoid articular facet [11, 30-34]. Their high incidence in first-time dislocators is the
main reason for this [36-38].

Greis et al. [39] presented the effect of progressive labral and bone loss of the
articulating surfaces and the change in pressure of the glenohumeral joint under
compressive loading. Reduction of the amount of labral tissue in the anteroinferior
part decreases the contact area by 7-15% compared to intact shoulders and increases
the contact pressure by 8-20%. With bone loss corresponding to 30% of the glenoid
diameter, the contact area of the entire glenoid decreases by 41%, and the contact
pressure of the entire glenoid increases by 100%, while in the anteroinferior quad-
rant, it is between 300% and 400%. Because of the progressive bone wear in this
area, as well as the increased pressure, a soft tissue (Bankart) stabilisation procedure
subjects the soft tissues to the above-mentioned loads. This inevitably leads to a
compromise of the procedure.

Traumatic shoulder dislocation is associated with a bony defect in the glenoid
and can lead to glenohumeral instability in a high percentage of cases. The literature
reports an 80-90% incidence in patients with chronic posttraumatic glenohumeral
instability [14, 34]. Instability increases proportionally with defect size, and larger
defects have a worse prognosis after soft tissue stabilisation [40, 41].

In the acute period after glenohumeral dislocation (within 3 months), fracture
fragments of the anterior glenoid may be present. As instability becomes chronic
(>6 months), partial resorption of the fragments begins [42]. More than half of
patients with chronic instability do not have a clearly identifiable bone fragment.
With the recurrence of instability, the bone defects may become more extensive
(Figure1).

Approximately 70% of patients with a primary dislocation are at risk for recur-
rence within the next 2 years, although this is highly dependent on age. In patients
under 20 years of age, the risk is 80%, in those 20-40 years of age, it is 60%, and it
drops to 15% after the age of 40 [43, 44].

Edwards and Bigliani were among the first authors to grade the extent of bone
loss, defining the term as erosive bone loss with a characteristic sclerotic and rounded
contour of the inferior pole of the glenoid [32, 45]. In the early post-dislocation stage,
approximately half of the patients have a clearly visible bone fragment, while in the
remainder, it is difficult to visualise [32]. The clinical significance of these fragments
nowadays is 13% of the glenoid width [46, 47].

Figure 1.
Bony Bankart after first-time shoulder dislocation.
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Figure 2.
Hill-Sachs defect.

The concept of “glenoid track” introduced by Itoi et al. [48] considers the
interaction between glenoid and humeral bone loss resulting from shoulder dislo-
cation. Therefore, a targeted search for a defect in the humeral head is of utmost
importance (Figure 2).

In anterior shoulder dislocation, an impression fracture of the humeral head
occurs in two-thirds of patients and increases with the frequency of recurrence [15].
In some studies, this rate reaches a worrying 95%, especially in magnetic resonance
imaging (MRI) [7]. The calculation of the size of the defect is not always mandatory
because of the interaction with the reciprocal glenoid defect. In other words, small
humeral defects can lead to recurrence and vice versa—large defects can be clinically
insignificant—the glenoid track concept.

Kaar et al. confirmed that, as the defect size increases, stability in abduction and
external rotation decreases. Large defects of 5/8 of the radius of the humeral head
reduce stability in this position. In defects of 7/8 of the radius, the defect leads to
instability even in small abduction and neutral rotation [49].

Biomechanical studies by Sekiya et al. on cadavers concluded that isolated Hill-
Sachs defects of 25% of the head volume caused significant translational instability of
the humeral head [50]. Indications for treatment cannot be given solely on the size of
the Hill-Sachs defect but rather on its position relative to the glenoid.

In modern terms, the relationship between the age of the patient at the time of
the first dislocation and episodes of recurrent instability is indisputable [51]. The
younger the patient (20 years as a cutoff), the higher the risk of recurrence, especially
after soft tissue stabilisation in the presence of bone deficiency. Another important
feature directly related to the above statement is the number of episodes of instabil-
ity—with more than five episodes, the risk of instability increases by up to 40% [52].
Ultimately, the interaction of bipolar bone defects in risky shoulder positions—90°
abduction and maximum external rotation is of greatest importance [40].

3. Diagnostics
3.1 Clinical diagnosis

The clinical diagnosis of a patient with anterior shoulder dislocation is not par-
ticularly difficult in the majority of cases. It may occur in overweight patients and
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neglected cases. However, it is essential to diagnose anterior shoulder instability,
which is often the result of a single shoulder dislocation. Patients with glenoid loss
report progressive relief of subluxation or complete dislocation in a given position.
Although the assessment of instability is clear, attention should be paid to concomi-
tant symptoms of rotator cuff damage (patients over 40 years), cartilage damage,
SLAP lesions, etc.

The clinical examination includes a series of tests to assess anterior instability.
The patient’s shoulder girdle is inspected for abnormalities in position, pigmenta-
tion, muscle wasting/atrophy, scarring, and deformities. Range of motion is assessed
actively and passively, including flexion-extension, adduction-abduction, and
rotation, the latter being assessed at 0° and 90° adduction. Due to the fact that GH
instability is defined as a condition in which the humeral head cannot remain centred
in the glenoid fossa, it is important for the patient to demonstrate (if possible) their
functional problem.

Provocative (stress) tests examine the ability of the shoulder to resist forces that
affect stability in positions where the ligaments are normally under tension. This
occurs when the examiner places the patient’s glenohumeral joint in a position that
causes subluxation/luxation, pain, or discomfort. Most of these tests are performed
while the patient is conscious, and the contralateral shoulder, which is considered
“normal,” is also tested.

3.1.1 Anterior apprehension test (“crank” test)

In this test, the patient is supine [53]. The examiner abducts the shoulder 90° and
flexes the elbow at a right angle. With one hand, the humerus is slowly rotated exter-
nally, using the patient’s forearm as a lever, while with the other hand, the humeral
head is pushed forward. Under normal circumstances, no translation is observed
because the anterior capsuloligamentous structures are intact. The test is considered
positive when the patient feels that his shoulder is luxating and there is a deficit in the
described structures.

The reverse manoeuvre is called the relocation test, where the examiner pushes the
patient’s humerus posteriorly, and the patient reports a sensation of displacement.
This differentiates pain due to instability from pain due to other causes. In patients
without instability, there is no change in sensation, whereas in those with instability,
there is a decrease in pain. Many authors recommend performing hyperlaxity tests as
part of the clinical examination [54]. Such an evaluation is recommended for patients
with symptomatic traumatic instability and those with occult instability associated
with pain. This is especially true in overhead sports [53].

3.2 Imaging diagnostics

See Table 1.

There is a wide variety of possible projections for assessing bone pathology
(Table 2).

The specialised projection for comparing the glenoid width between the affected
and healthy/contralateral side is the Bernageau projection. It provides sharp outlines
in the form of a triangle, corresponding to the anterior inferior part of the glenoid.
When the ratio of d1 of the affected glenoid to d2 of the healthy is d1:d2 < 0.75—the
treatment recommendation is a coracoid transfer (Laterjet) (Figure 3) [54].
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Ultrasound Radiography MRI Arthro- CT/+
MRI contrast

Labral injury 4+ - 4+ + —
Labral injury/SLAP - - +/— 4 -
Bankart bone 4+ + +/— it e+
Cartilage damage - - + . -
Glenoid geometry/fossa - + R e .
inclination
Hill-Sachs defect . + et e .
Rotator interval-biceps e - 4+ e —
tendon and m. subscapularis
Rotator cuff . - 4+ e —
Capsule engagement +/— - +/— ++ -

Table 1.
Methods for imaging diagnosis of pathological findings in anterior shoulder instability.

Projection Bone Surrounding Patient Hill- Bankart
detail structures convenience Sachs bone

AP + + + - +/—

External rot. + + + + +/—

Internal rot.

Grashey +/— +/— + Y _
Garth +/— +/— + + ¥
West point +/— +/— - +/— ¥
Axillary - - +/— Y +
Scapular “Y” - — + —_ _
Stryker notch +/— +/— +/— + -
Bernageau + + +/— + +
view

Table 2.

Advantages and disadvantages of the projections used for instability diagnostics. (+) rveliable; (+/-) indifferent;
(=) unvreliable.

3.2.1 Computer tomography (CT)

When we talk about anterior shoulder dislocation in a patient at risk for instabil-
ity, it is advisable to perform a CT scan. Not infrequently, the patient’s condition is
painful, and he resists the various options for X-ray projection. CT also allows digi-
tal subtraction of the humerus, and thus, the glenoid can be analysed in more detail
[11, 30]. Determining the degree of bone loss preoperatively helps to choose the
right therapeutic approach. Other indications for this examination are recurrent dis-
locations; bilateral involvement, especially in the non-dominant hand; unsuccessful
surgical procedure for stabilisation; dislocation after minimal trauma (primary)
or minimal provocation; X-ray or MRI data of bone loss of the glenoid; instability
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Figure 3.

Bernageau projection and the ratio of bone anatomy.

in the average volumes of movement. The existing CT methods for measuring the
percentage of bone loss can be systematised in a table (Table 3) [55].

3.2.2 Magnetic resonance imaging (MRI)

This imaging sequence provides detailed information with respect to soft tissues. Of
course, bony structures are also visible with a great amount of precision. The addition
of intra-articular contrast enhances the delineation of anatomical features and increases
the detection of hidden lesions associated with GH instability, particularly of the
capsulolabral complex [56]. Simultaneous assessment of soft tissue damage and glenoid
deficit in a single study has the undisputed advantage of reduced examination time and

Method of surfaces

(1) 3D CT image of the glenoid with humeral head subtraction. (2) An ideal circle is
outlined in the lower 2/3 of the pyriform glenoid. (3) Bone loss is measured directly
by the bone deficit within the circle.

Overlay method (1) A perfect circle is drawn in the lower 2/3 of the pyriform glenoid of the affected
and intact joint. (2) The circle on the unaffected side is digitally superimposed on the
affected side. (3) Bone loss is calculated based on the difference in superimposition.

Pico/Pico (1) Anideal circle with the bare spot as its centre is drawn on the affected side

methodology using software, and the contact surface (A) is measured digitally. (2) After the

overlay, the bone defect is also measured as a defect in the circle (D). (3) Bone loss
is = D/A x 100%.

The front-to-back
distance from the

(1) The load-bearing point is defined as the intersection of the transverse and
longitudinal axes. (2) The distance from the load-bearing point to the anterior edge

bearing point of the bone defect (A) and to the posterior edge (B) of the glenoid is defined. (3)
Percentage bone loss = ([B 2 A]/2B) x 100%.

Measurement of (1) A perfect circle with radius (R) is drawn in the lower 2/3 of the glenoid. (2) The

Bankart bone length of the bone defect (x) is measured. (3) If x > R, the resistance to dislocation is
>70% compared to an intact joint.

Ratio method (1) A perfect circle with radius (R) is drawn in the lower 2/3 of the glenoid. (2)
The distance from the centre of the circle to the anterior edge of the bone defect
(d) is measured. (3) Bone loss is a percentage of the ratio d/R and a specialised
mathematical function of (d) and (R).

Table 3.

Most important methods for quantification of bone loss after shoulder dislocation.
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Figure 4.
Preoperative measurement of the degree of bone loss; AP/SI index (left) and TGHI (right).

cost. It also reduces the need for CT and the associated radiation exposure. Although 3D
CT is the gold standard, MRI is increasingly being used to evaluate bony defects. The
addition of contrast to it further increases its sensitivity, making it an extremely effec-
tive method for diagnosing capsulolabral pathology in shoulder instability [57].

3.3 Measuring the extent of bone loss

On a sagittal section, the glenoid joint face is selected (en face), and the longest (SI)
and widest (AP) parts (diameter) of the glenoid fossa are determined; their intersec-
tion corresponds to the bare area. The ratio of the two values AP/SI is an index of the
glenoid fossa with normal values around 0.7. A circle is drawn with the borders of the
lower glenoid, and its radius (R) is determined. The length of the bone defect (x), if
present, is determined, and the ratio between the two values is calculated from the data
obtained when x > R, the resistance against dislocation is 70% of that of an intact joint.

In the same section, the lengths from the centre (bare spot) to the anterior (A)
and posterior (B) glenoid rim were determined. Bone loss was determined using the
formula (B — A)/2B x 100% defined by Sugaya [14]. The type of bone loss was again
determined using Sugaya’s criteria.

On an axial section, the ratio between the glenoid width at the bare spot level and
the width of the humeral head is determined—transverse glenohumeral index (TGHI)
(Figure 4). Its normal value is about 0.64. At values below 0.57, soft tissue stabilisation
is at risk of recurrence and bone stabilisation is recommended. A specific element that
we strictly apply is the Instability Severity Index Score (ISIS) score. This score allows
for an assessment of the risk of recurrence of instability in high-risk patient groups.

It is recommended to apply it both in acute dislocations and in chronic cases of recur-
rence. The algorithm we recommend is as follows: for ISIS <3, soft tissue stabilisation
is recommended. For ISIS > 3 but less than five dislocations, augmentation with free
bone graft. ISIS > 6 and chronic instability is an indication of coracoid transfer.

4. Treatment

Reduction of the dislocated shoulder in terms of emergency is out of discussion.
Any delay leads to a risk of unstable reduction and/or neurovascular compromise
[10]. The timeline for reduction is well established, but there are many reduction

60



Anterior Shoulder Dislocation
DOT: http://dx.doi.org/10.5772/intechopen.1011420

techniques in terms of the position of the patient, forces applied, position of the arm,
etc. [58]. Those methods are highly dependent on the surgeon’s preferences and expe-
rience, patient morphology and medical equipment. Local anaesthesia is widely used,
but in muscular patients and those with neglected dislocations, it is not effective.
Thus, sedation with propofol is the best treatment option, especially in cases with an
inexperienced surgeon [59]. Closed reduction under local anaesthesia is successful in
most acute dislocations. However, as long the shoulder stays dislocated, the reduction
is more difficult, requires more force and increases the risk for additional iatrogenic
damage. Reduction is also more complicated when facing muscular patients, uncoop-
erative patients and those with suspected soft tissue interposition. Cases with glenoid
fractures are not suitable for close reduction due to the risk of further damage.

Multiple studies evaluate optimal arm position, after reduction, for the management
of anterior shoulder dislocation. The general consensus is to sling for 2 weeks in a neutral
position. Some studies demonstrated a decreased risk of recurrence when immobilisa-
tion is in external rotation, compared to internal rotation/neutral position. Despite that,
this is more uncomfortable for the patient [60]. The biomechanical explanation for this
fact is that, in external rotation, the stress over the torn labrum is less [61]. Recent stud-
ies proved that, there were no major differences in terms of dislocation rate.

The duration of immobilisation in first-time dislocators is also a matter of debate.
A significant reduction in the rate of recurrence has been stated in patients with
immobilisation for 3 weeks compared to patients with immobilisation for 1 week
(23% vs. 50%) [62]. Patients with prolonged duration of immobilisation (6 weeks)
are showing improved functional outcomes compared to those with less long immo-
bilisation (less than 6 weeks). However, there are some studies that prove the oppo-
site. Paterson stated that, patients aged less than 30 years, who were kept in internal
rotation for either less than 1 week or more than 3 weeks. The author found no
significant differences in recurrence rate for patients in the first group compared with
those who were immobilised for more than 3 weeks (41% vs. 37%) [63]. Although
these controversies, immobilisation after anterior shoulder dislocation is obligatory
in terms of patient comfort, especially in young, overhead/contact sports. An unex-
pected complication due to prolonged immobilisation and lack of early rehabilitation
is shoulder stiffness and reduced ROM.

The general consensus in the literature is that young males who are practising
contact sports are at significantly higher risk for recurrent instability than the general
population. There is a strong correlation between sex and other risk factors, such as
age or mechanism of injury, and young males are prone to instability events during
contact sports [13]. A study by Robinson regarding recurrent instability for patients
with no sports activity, noncontact sports and contact/overhead sports shows a high
correlation between recurrence and overhead/contact sports- almost 14%; the other
two groups have 62% and 43% recurrence rate [64].

Other authors demonstrate a high correlation between age and recurrence rate.
Younger patients are more prone to redislocation in the first year, up to 50% under
20 years, and the percentage drops with age increase. This is related to the different
biomechanical properties of collagen fibre type, capsule properties or changes in
activity level as a function of age.

Surgical treatment in patients with first-time traumatic anterior shoulder disloca-
tion depends on pathological findings. Major fracture fragments (glenoid fracture/
greater tuberosity) had to be rigidly fixed when treating young, active overhead/
contact sportsmen. Arthroscopic Bankart repair is the gold standard compared with
open surgery and is recommended in patients younger than 30 years. Furthermore,
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arthroscopic stabilisation offers better shoulder mobility, satisfaction, and quicker
return to activity time. Surgical repair is an appealing option for high-risk patients
who have experienced traumatic anterior shoulder dislocation, are between the ages
of 21 and 30 years, and participate in high-risk sports [13]. Recurrent instability after
arthroscopic Bankart repair has been reported to be 8.1% and associated with younger
patients, bilateral involvement, and closed reduction prior to repair [41]. Overall
failure rates of Bankart repair, pooled from a meta-analysis of 12 studies, were found
to be 13.7%. Higher rates of recurrence are expected in inexperienced surgeons, bad
patient selection and overall improper diagnostic algorithms.

Larger bony deficits (>20% from glenoid diameter) are not suitable for Bankart
repair due to a higher risk of failure. In such cases, Laterjet (coracoid transfer) is the
treatment recommendation [65]. This procedure has excellent long-term results,
with reliable clinical outcomes and a low failure rate of 2-5% [66]. There are some
considerations regarding early arthrosis and graft resorption. We observe great clini-
cal results with this technique and minor radiological degenerative changes without
clinical presentation. Regarding graft resorption, there are no instability episodes in
the patient, even with more than 50% resorption of the graft.

The question about open or arthroscopic surgery is still an ongoing debate. Some
studies present a higher recurrence of instability in arthroscopic treatment, but many
surgeons advocate this with limitations in patient selection, technique used, etc.
Overall, long-term clinical trials showed no significant difference in these two differ-
ent algorithms [67]. A major systematic review focused on complications presents a
higher complication rate in open techniques, compared to arthroscopic- 6.2% to 1.6%.
Of course, these data should be commented on when comparing specific complica-
tions of both techniques, but not in general. In the end, it is all about correct clinical
and imaging diagnosis, proper instability evaluation, and exact implication. When
following these steps, excellent results are imminent.

5. Conclusion

Treating anterior shoulder dislocation is a complex procedure based on an estab-
lished algorithm. Pathological changes during the first or multiple dislocations are
important and dynamically connected. It is essential to be precise in diagnostics
because this leads to appropriate treatment results. The most common findings are
the Bankart lesion (incl. bony Bankart) and the Hill-Sachs lesion. Nevertheless, close
reduction under anaesthesia and short immobilisation are standard approaches to
this condition. More important are the next steps in order to evaluate pathology and
correctly address it.

Younger and physically active patients under 25 years old are more likely to have a
recurrence and have to be followed up. Conservative treatment for this group has a lot
of disadvantages, and the recommended treatment is surgical- arthroscopic or open—
based on current findings. Post-reduction/post-op protocol should include a series of
exercises focused on stability of the joint, range of motion and return to play.
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Chapter 4
Scapular Glenoid Fractures

Shuming Huang, Shuhua Lan, Panpan Xie and Jiekai Ye

Abstract

This chapter provides a comprehensive overview of glenoid fractures, including
their epidemiology, injury mechanism, anatomy and biomechanics, clinical examina-
tion, imaging methods, classifications of fractures, diagnosis and treatment options,
rehabilitation, and complications. The management of scapular glenoid fractures
should be individualized according to fracture characteristics (type/clock orienta-
tion), patient factors, and the surgeon’s expertise. While most scapular fractures
achieve favorable outcomes with conservative management, surgical intervention
is recommended for glenoid-involved fractures, particularly those with significant
displacement that may lead to post-traumatic arthritis or glenohumeral instability.
Introduction of various surgical approaches with clinical cases, such as classical
approaches, modified approaches (mini-open anterior approach, posterior “safe
zone” approach), and merging approaches (axillary approach, arthroscopy-assisted
technique, etc.). This chapter emphasizes the importance of patient-centered care
and highlights evolving strategies to optimize treatment outcomes.

Keywords: scapula fracture, scapular glenoid, surgical approach, axillary approach,
shoulder joint, fracture fixation, internal, glenoid fixation

1. Introduction

Shoulder joint stability is crucial for both daily function and athletic performance.
As a critical component of this joint, the structural integrity of the scapular glenoid
significantly influences overall shoulder function and stability [1]. Glenoid fractures,
particularly those associated with shoulder instability, have become a focal point
in clinical research. However, the mechanisms of injury, fracture morphology, and
optimal treatment strategies for these fractures are still not fully understood. While
most scapular fractures achieve favorable outcomes with conservative management,
displaced glenoid fractures require surgical fixation to avoid complications such
as malunion, post-traumatic glenohumeral osteoarthritis, chronic instability, and
persistent pain [2, 3]. Thus, accurate diagnosis, comprehensive assessment, and
appropriate management are critical in addressing these injuries.

2. Epidemiology and etiology

Scapular fractures represent a relatively rare injury, with current epidemiologi-
cal data on glenoid fractures remaining sparse. Reported incidence rates vary
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considerably across different populations and clinical settings. Scapular fractures
constitute approximately 1.7% of all fractures in the adult population, according

to the US National Trauma Data Bank data [4]. The occurrence of glenoid rim and
intra-articular glenoid fractures ranges from 28.4 to 48.5% of all scapular fractures
[5, 6]. The increasing diagnosis of glenoid fractures over the past decade mirrors
both population aging trends and the utilization of CT imaging in clinical practice
[4]. Most glenoid fractures occur secondary to high-energy trauma, with young and
middle-aged adults being predominantly affected. A significant male predominance
is observed, likely reflecting greater male engagement in high-risk activities and con-
sequent increased exposure to high-energy trauma mechanisms [6]. And low-energy
fall injuries have become the main mechanism of injury in the elderly population.

The injury mechanisms underlying scapular glenoid fossa fractures remain incom-
pletely characterized. However, current evidence suggests that the majority of glenoid
fossa fractures result from direct impaction of the humeral head against the articular
surface. Avulsion fractures and glenoid rim fractures are strongly associated with
shoulder dislocations and subsequent instability, with sports injuries and falls being
the predominant etiological factors [7]. Complex scapular glenoid fractures typi-
cally result from high-energy trauma such as motor vehicle traffic accidents, bicycle
accidents, and falls from height. The injury mechanism involves either direct impact
or indirect force transmission through the humeral head, with fracture patterns
determined by the glenoid contact point and force vector at impact [1].

In scaphoid fractures, neighboring skeletal structures are susceptible to fracture as
aresult of similar high-energy traumatic external forces. Multiple large database stud-
ies have reported that 21-50% of scaphoid fractures occur in conjunction with at least
one concomitant injury [5, 6, 8]. Common concomitant injuries include rib fractures,
pulmonary contusions, hemopneumothorax, pneumonia, clavicle fractures, proxi-
mal humerus fractures, traumatic brain injuries, and spinal fractures [4, 5]. Among
glenoid fractures, associated clavicle fractures occur in 2.8% of cases, while proximal
humerus fractures are seen in 8.3% of cases (Figure1) [6].

."_"‘;,J,
1161000° e
-

Figure 1.

Glenoid fractures with associated injuries. (A) Glenoid fracture accompanied by clavicular fracture and
multiple vib fractures. (B) Glenoid fracture with anterior shoulder dislocation and humeral head fracture
(Hill-Sachs lesion).
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3. Anatomy and biomechanics

The glenoid fossa (or cavity), a shallow articular depression on the lateral aspect
of the scapula, forms a synovial ball-and-socket joint with the humeral head [9]. The
fossa’s depth is reinforced by a variable-thickness, ring-shaped fibrocartilaginous
glenoid labrum that circumferentially surrounds the osseous rim [10]. The aver-
age surface area of the articular glenoid cartilage is 5.6 cm” in males and 4.7 cm® in
females, and the average thickness of the articular cartilage of the scapular glenoid
is 3.8 mm [11]. The cartilage partially compensates for the instability of the shoulder
joint, and the fibrous labrum surrounding the glenoid cavity further enhances the
congruence of the joint.

The scapular glenoid fossa can be systematically described and localized using
two principal anatomical reference methods. The first employs a clock-face orienta-
tion, where the 12 oclock position corresponds to the superior aspect and 3 oclock to
the anterior aspect. The alternative approach divides the fossa into four anatomical
quadrants: superior, anterior, inferior, and posterior regions [10]. When viewed in the
face, the glenoid articular surface demonstrates a characteristic biphasic morphol-
ogy consisting of two overlapping circular structures: a smaller superior portion
and a larger inferior surface (Figure 2). Studies have shown that the shape of the
glenoid cavity varies among individuals and can be categorized into three main types:
pear-shaped, inverted comma-shaped, and oval [12, 13]. These shape differences
are closely related to the notch on the anterosuperior edge of the glenoid cavity. The
mean glenoid anteroposterior diameter is 24.7 + 3.5 mm, and the mean glenoid height
is 31.7 + 3.7 mm, with the glenoid height and width being larger in males than in
females [14].

The glenoid fossa’s relatively flat and diminutive articular surface, articulating
with 33% of the humeral head in any position, enables the shoulder’s remark-
able range of motion at the expense of inherent stability [7, 9]. Therefore, the

Inferior

Figure 2.

Anatomical morphology and anatomical location description of the scapular glenoid fossa. (A) Biphasic glenoid
morphology demonstrating overlapping circular structures, with annotated measurements of anteroposterior
diameter and glenoid height. (B) The clock-face orientation and four anatomical quadrants approach are used to
illustrate the location of glenoid fossa fractures.
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glenohumeral joint requires coordinated action between its static and dynamic
stabilizers to preserve proper congruity and functionality. The static stabilizers of
the glenohumeral joint comprise the articular anatomy (glenoid and humeral head),
fibrocartilaginous labrum, the articular capsule, negative intra-articular pressure,
and the superior, middle, and inferior glenohumeral ligaments. Static stabilizers play
a crucial role, as their isolated injury can lead to recurrent instability. The primary
dynamic stabilizers of the glenohumeral joint are the musculotendinous components,
including the rotator cuff muscles: supraspinatus, infraspinatus, subscapularis, and
teres minor. These muscles function as a force couple, maintaining humeral head
centration within the glenoid fossa during movement [10, 15].

4. Clinical assessment and imaging methods

Glenoid fracture patients characteristically manifest localized pain, restricted
shoulder movement, and aggravated pain with abduction. Nearly half of scaphoid
fracture patients present with concomitant injuries, frequently including pulmonary
contusion, pneumothorax/hemothorax, craniocerebral trauma, and other fractures
[5]. Similarly, glenoid fossa fractures are frequently associated with concomitant inju-
ries, including thoracic trauma, head injuries, brachial plexus involvement, shoulder
dislocation, and multiple humeral fractures. Thus, surgeons should remain vigilant
for potential accompanying injuries and ensure that all patients undergo a systematic
clinical evaluation to minimize missed diagnoses and enable prompt resuscitation. A
comprehensive examination of the shoulder girdle must include inspection for soft
tissue injuries, such as abrasions, open wounds, and degloving injuries [16]. These
findings can significantly influence surgical decision-making regarding timing and
risk assessment. Meanwhile, a focused shoulder examination should encompass the
active and passive range of motion, strength testing, and neurovascular assessment
[1]. Most patients are unable to perform a motor strength assessment of the shoulder
because of pain and can only examine and record whether the innervation area is
normal.

Imaging is critical for diagnosing and classifying glenoid fractures, directly guid-
ing clinical management. If a scapular glenoid fracture is suspected, initial evaluation
should consider including an appropriate set of radiograph series (Figure 3): (1)
anterior-posterior (AP), (2) anteroposterior oblique (Grashey view) or sometimes
referred to as true AP, (3) lateral (scapulaY view), (4) axillary view, and (5) apical
oblique view [17-19]. The true anteroposterior (Grashey) view, apical oblique view,
and axillary view are particularly valuable for visualizing intra-articular fractures of
the glenoid fossa and rim, as well as dislocations within the glenohumeral joint cavity.
Similarly, it is indispensable to assess the quality of fracture reduction and ensure that
the internal fixation hardware is positioned outside the articular surface.

In clinical practice, Computed Tomography (CT) plays a critical role in assessing
glenoid fractures by providing detailed visualization of fracture characteristics. This
enables precise evaluation and clear visualization of fracture morphology, including
the fragment size, location, degree of displacement, and position of the humeral
glenoid joint [20]. Consequently, it aids orthopedic surgeons in accurate fracture clas-
sification and informs optimal treatment strategies. For complex scapular fractures
involving the glenoid fossa, digital subtraction of the humeral head from three-
dimensional reconstructed imaging data often enables a more intuitive assessment of
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Figure 3.

X-ray plain film series. (A) Anterior-posterior (AP) view of the shoulder. The beam of projection is
perpendicular to the torso but oblique to the glenohumeral joint. (B) AP oblique (Grashey view), as a true AP
view of the scapula. The projection beam is angled 35-45 degrees toward the healthy side to achieve overlapping
of the anterior and posterior glenoid margins, forming a single arcuate line. (C) Lateral (scapula’Y view). (D)
Axillary view (superior-inferior axial view of the glenohumeral joint) visualizes anterior/posterior glenoid rims
while helping in the assessment of glenohumeral instability and dislocation. (E) The apical oblique view, which
is a modification of the axillary projection, offers a unique perspective for visualizing the anterior and inferior
aspects of the glenoid rim. The X-vay beam traverses the glenohumeral joint with a dual 45° angulation, medially
relative to the thoracic plane and caudally toward the detector.

the articular surface, providing complete visualization of the glenoid cavity. While CT
remains primary for fracture characterization, Magnetic Resonance Imaging (MRI)
should be considered when evaluating for: (1) articular cartilage injury or labral
lesion, (2) rotator cuff tear, or (3) ligamentous instability associated with glenoid
fractures (Figure 4) [21].

5. Classification

The Goss-modified Ideberg classification, which describes six fracture types, is
the most widely used system in the literature [22, 23]. Type I is a glenoid rim frac-
ture, subdivided into:Ia (anterior rim, “Bony Bankart”), the most common glenoid
fracture, typically associated with shoulder dislocation; Ib (posterior rim). Type II
involves an inferior glenoid fracture extending into the neck region, frequently result-
ing in humeral head subluxation. Type III consists of a transverse superior glenoid
fossa fracture extending superomedially through the coracoid base, typically involv-
ing the superior shoulder suspensory complex. Type IV fractures extend horizontally
through the glenoid cavity into the scapular body. Type V is based on type IV injuries
with different combinations of the previous fractures and is divided into three combi-
nation subtypes of fractures Va (II + IV), Vb (III + IV), and Ve (II + III + IV). Type VI
is a comminuted fracture of the articular glenoid (Figure 5).

The Arbeitsgemeinschaft fiir Osteosynthesefragen Foundation and the Orthopedic
Trauma Association (AO/OTA) categorize glenoid fractures into two main types: 14F1
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Figure 4.

3DgCT with digital subtraction of the humeral head and MRI for comprehensive shoulder injury assessment.
(A, B) 3D CT reconstruction with humeral head subtraction visualizing a comminuted glenoid fracture from
different perspectives. (C) A case of postreduction Hill-Sachs lesion following closed reduction of shoulder
dislocation. Axial T2-weighted MRI demonstrates an anterior-inferior glenoid labral fracture, and capsule
elongation with associated fluid signal. (D, E) Coronal T2-weighted MRI shows an anterior-inferior glenoid
labral fracture, votator cuff tear, and depressed fracture of the apex of the humeral head.

(simple intra-articular fractures with a single fracture line) and 14F2 (comminuted
intra-articular fractures) [24]. The 14F1 type includes anterior rim fractures (14F1.1)
with three subtypes (f: isolated infraequatorial; r: biequatorial crossing the glenoid
equator; t: combined anterior-posterior infraequatorial), posterior rim fractures
(14F1.2) with three subtypes, and transverse/short oblique fractures (14F1.3) classi-
fied by horizontal position (i: infraequatorial; e: equatorial; p: supraequatorial). The
14F2 type is subdivided based on the presence of three or more articular fragments
with or without central fracture-dislocation (Figure 6).

BartoniCek currently proposes five fundamental types of scapular glenoid
fractures, which are identified through the analysis of three-dimensional CT scans:
superior, anterior, posterior, inferior, and complete glenoid fractures. Among them,
the inferior glenoid fracture is the most prevalent, comprising 42% of all articular
glenoid fossa fractures [25]. The Ideberg-Goss classification, featuring a six-type cat-
egorization of glenoid rim and fossa fractures, continues to be the preferred system in
clinical practice. However, Gilbert has recently shown that the AO/OTA classification
system offers greater clinical utility than the Ideberg system. In their study evaluating
84 scapular glenoid fractures, they found that 25% (21/84) could not be classified
using the Ideberg criteria. In contrast, the AO/OTA system is more suitable for a valid,
reliable, and consistent description of scapular glenoid fractures [26].
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Figure 5.
llustrative representation of the Ideberg-Goss classification system for glenoid fractures [22, 23].
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Figure 6.
AO/OTA classification of glenoid fractures [24]. F1, simple glenoid fossa fractures; F2, multi-fragmentary glenoid

fossa fractures.
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6. Treatment
6.1 Nonoperative management and indications

The majority of scapular body and neck fractures can be treated conservatively, in
addition to sufficient displacement and angulation, generally achieving bony union
with good functional outcomes and eventual return to work [27, 28]. In contrast,
nonoperative management of intra-articular glenoid fractures yields the poorest
functional outcomes, with patients frequently experiencing persistent pain, limited
shoulder mobility, and diminished strength. The most common complications are
poor fracture healing, recurrent shoulder instability necessitating surgical interven-
tion, and post-traumatic osteoarthritis [27, 29]. As a result, glenoid rim and glenoid
fossa fractures are more likely to require surgical intervention. However, those gle-
noid fractures that are very small or minimally displaced with stability and congruity
of the glenohumeral joint can be treated conservatively [29, 30]. Initial management
involves 4-6 weeks of sling immobilization followed by supervised physiotherapy
[9, 31]. Due to the inherent risk of displacement and malunion, weekly or biweekly
radiographic monitoring is essential during this critical period.

In the management of glenoid fractures, treatment decisions are guided by
fragment size, the degree of displacement, chronicity, and patient activity level, as
these factors critically influence the stability, congruity, and concentricity of the
glenohumeral joint. The relationship between glenoid bone loss and glenohumeral
instability has long been recognized and is widely accepted in the field of orthope-
dics. Instability is likely to occur with displaced anterior rim fractures that exceed
20-25% of the articular surface, or when the posterior articular surface involvement
is more than 33% [32]. Recent research shows that 52% of first-time shoulder instabil-
ity incidents involve over 5% glenoid bone loss, and nearly 20% of initial dislocations
feature rim fractures, resulting in bone loss exceeding 13.5% [33].

Patients with low activity levels and small displaced glenoid rim fractures of less
than 5% are usually considered to be treated nonoperatively [1, 34]. However, some
studies suggest that consideration of glenohumeral instability as a problem should not
be based exclusively on the size of the fragments, but rather on the alignment of the
joint after glenoid fracture [31, 35]. The current evidence base lacks comprehensive
comparative studies establishing definitive criteria for surgical versus conservative
management of glenoid fractures, creating uncertainty in clinical decision-making
pathways (Figure 7). In many studies, a displacement (fracture gap) or intra-articular
step-off of glenoid fractures exceeding 4 mm or 5 mm has been used as an indication
for surgery [29, 30, 32, 36]. Additionally, surgical intervention should also be con-
sidered in cases of glenoid fracture accompanied by humeral head displacement or
subluxation, particularly when two or more injuries to the superior shoulder suspen-
sory complex (SSSC) are present.

6.2 Surgical approaches

The primary goals of glenoid fracture surgery are to restore articular congruity,
enhance joint stability, minimize post-traumatic osteoarthritis, and facilitate early
functional recovery—thereby preventing shoulder stiffness and improving mobility.
Surgical management typically involves either open reduction and internal fixation
(ORIF) or arthroscopic-assisted reduction followed by stabilization using suture
anchors and screws.
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Figure7.

A gi—yeur—old female patient with a left anterior-inferior glenoid fracture of the injury who recovered
satisfactorily after nonoperative treatment. (A, B) Photographs of 3D CT reconstruction demonstrate a large,
displaced glenoid vim fragment after injury. (C, D) CT scans reveal stability, congruity, and concentricity of
the glenohumeral joint, partial reduction, and union at 6 months after the injury. (E-H) Photographs show the
patient with free active overhead function, active external rotation, and active internal rotation, pain-free.

6.2.1 Arthroscopic techniques

Modern advancements in arthroscopic techniques and instrumentation have made
it possible to treat many glenoid fractures with minimally invasive repair procedures.
Arthroscopy provides the advantages of minimized soft tissue dissection, reduced
surgical trauma, and more accurate fracture reduction of the glenoid through direct
visualization. Additionally, this technique enables simultaneous diagnosis and treat-
ment of concomitant shoulder injuries, including rotator cuff tears and glenoid labral
injuries (Figure 8). However, this technique requires the orthopedic surgeon to have
substantial experience in shoulder arthroscopy and entails a steep learning curve.
Current literature establishes arthroscopy as a safe and effective treatment option,
with predominant application in type I glenoid rim fractures [3, 37-40]. Arthroscopic
management has also been successfully reported for Ideberg type II-V glenoid
fractures [41-43]. Arthroscopic glenoid fracture management offers three principal
fixation options: (1) suture anchor fixation (single- or double-row), (2) transglenoid
suture fixation through osseous tunnels (such as Endobutton), and (3) percutaneous
screw fixation for larger fragments requiring rigid stabilization [38, 39, 41, 43-45].
The approach is selected based on fracture characteristics, with suture techniques
preferred for smaller fragments (<25% articular surface) and screw fixation reserved
for larger fragments.

Figure 8.
Arthroscopic views of the glenoid rim fractures (A, C) and the fixed fragment with suture anchors (B, D).
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6.2.2 ORIF techniques

Typically, all glenoid fractures are treatable by open approaches. Depending on
the type and location of the fracture, various surgical approaches can be employed
to visualize and address a displaced glenoid fracture. The more common surgi-
cal approaches for glenoid fractures in clinical practice include: (1) the anterior
approach, represented by the delto-pectoral approach and its modifications [46,

47]; (2) the posterior approach, represented by the Judet approach and its modifica-
tions [48-50]; (3) the axillary approach, which has emerged in recent years [46, 51].
For complex glenoid fractures, surgeons may prefer to use a combined approach

or a superior osteotomy approach. Moreover, acromial osteotomy, either alone or

in combination with distal clavicular osteotomy, has been documented as effective
access strategies for the superior and superior-posterior glenoid (at 10-1 oclock) and
Ideberg VI glenoid fossa fractures in the literature [52, 53]. Definitive fixation fol-
lowing open reduction of glenoid fractures may utilize a variety of options, including
various sizes and types of cannulated screws, headless compression screws, plate
osteosynthesis, and suture anchor augmentation.

The anterior approach provides optimal exposure for the anterior glenoid in range
from the 11- to 6-oclock orientation. This includes anterior rim fracture (Ideberg Ia),
inferior or anterior-inferior fracture (Ideberg II), transverse intra-articular glenoid
fossa fracture (Ideberg IV), and superior glenoid fracture involving disruption of
the SSSC (Ideberg III) [47, 54]. The patient is positioned supine or in the beach chair
position, and the classic delto-pectoral approach is utilized. To achieve an extensive
visualization of the anterior glenoid surgical field, the subscapularis muscle is longitu-
dinally split at the myotendinous junction, maintaining a distance of at least 1 cm from
the insertion site. After the fracture has been internally fixed, the split subscapularis
is sutured with the arm in neutral rotation. However, this approach may limit early
external rotation rehabilitation. In addressing Ideberg type III superior glenoid frac-
tures, a supra-subscapularis approach is typically preferred, which avoids muscle split-
ting while providing adequate exposure for fracture reduction and fixation (Figure 9).

The axillary approach for treating Ideberg Ia and II scapular glenoid fractures,
particularly inferior and anterior-inferior glenoid rim fractures, offers the advantage
of transfracture line and buttress fixation, which can be challenging to achieve with

Figure 9.

Thge glenoid fracture was treated with open reduction and internal fixation via an anterior approach. (A, B)
A supra-subscapularis approach was used for an Ideberg type IV glenoid fracture, featuring a small anterior
incision while preserving the subscapularis muscle. (C, D) A supra-subscapularis approach was used for an
Ideberg type 111 glenoid fractuve. (E, F) The classic delto-pectoral approach was utilized, and the subscapularis
muscle was longitudinally split at the myotendinous junction. (G-J) Preoperative and postoperative CT scan
images demonstrated an anterior-inferior glenoid fracture combined with a proximal humeral fracture. (K)
Postoperative X-ray film. (L-N) Two years after the operation, the patient achieved satisfactory function.
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the anterior approach [46, 51, 55]. The patient is positioned in lateral decubitus with
the affected shoulder abducted 90°. A 6-8 cm incision begins at the anterior-superior
aspect of the axillary fold along the posterior axillary border, extending inferiorly
following the anterior margin of the latissimus dorsi. Dissection proceeds bluntly
along the anterior border and tendon of the latissimus dorsi, deeply exposing the joint
capsule, the axillary border of the scapular neck, and the fracture fragments in the
space between the subscapularis and latissimus dorsi tendons. Intraoperatively, it is
important to gently move the shoulder joint and use finger touch to find the position
of the glenohumeral joint. Also, the axillary nerve and main blood vessels should be
carefully identified, separated, and protected (Figure 10).

The posterior approach. The original and classic Judet approach provides extensive
exposure to the scapular body and the posterior part of the glenoid. This approach
is primarily indicated for the surgical treatment of Ideberg type IV and V fractures
[48, 56]. Its advantages include adequate visualization of comminuted scapular
fractures, the posterior scapular glenoid, and scapular body fractures extending into
the scapular glenoid fracture. Additionally, it allows for intraoperative assessment of
suprascapular nerve impingement due to suprascapular notch fractures. The patient
is positioned laterally or prone. The incision, shaped like a boomerang, begins at the
posterior lateral border of the acromion, travels inward along the scapular spine,
and then follows the contour of the shoulder. It extends downward along the medial
border of the scapula. To visualize the scapular body and the posterior aspect of the
glenoid, the posterior deltoid fascicle attached to the scapular spine is divided and
separated, and the flap of the infraspinatus muscle is retracted laterally by strip-
ping it from the medial border of the scapula and the subscapular fossa. During
the procedure, the suprascapular nerve and artery can be identified and protected
in the portion of the posterior superior glenoid corner. While the traditional Judet
approach offers extensive exposure, it requires extensive soft tissue dissection,
including detachment of both the deltoid and infraspinatus muscles. The modified
Judet approach, as described by Obremskey et al., utilizes a similar skin incision
to the Judet approach [50]. This approach preserves the infraspinatus muscle by
avoiding its detachment, instead accessing the posterior glenoid through the natural
plane between the infraspinatus and teres minor muscles, facilitated by a reverse

Figure 10.

Gl%noid fracture ORIF via axillary approach. (A) Surgical positioning and incision marking. (B, C) CT

images demonstrate a Hill-Sachs injury, an anterior-inferior glenoid fracture, and a humeral shaft fracture.

(D) Postoperative 3D-CT following ORIF of humeral fracture and shoulder dislocation reduction. (E-G)
Postoperative CT and X-ray images. (H) Surgical scar on the axillary skin. (I, ]) Activities of the shoulder joint 6
months after the operation.
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Figure 11.

The posterior approach of the Judet approach and its modification. (A, B) Body markings for Judet approach
incisions in prone and supine positions. (C-E) CT images demonstrate Ideberg type IV glenoid fractures and
comminuted fractures of the body and spine of the scapula. (F-H) Postoperative 3D-CT following ORIF by
Judet approach. (1, J) Postoperative CT and X-ray images. (H) Surgical scar on the axillary skin. (I, ]) A small
straight incision along the lateval scapular bovder with posterior deltoid-sparing approach with modified Judet
approach.

subcutaneous flap and deltoid retraction. If the goal is solely to treat and visualize the
posterior scapular glenoid, a simple modified Judet approach can be considered. A
transverse incision is made below the scapular spine. The posterior deltoid fascicle is
then dissected off of the spine of the scapula and reflected laterally. Similar to other
modified approaches, the posterior glenoid is exposed through the interval between
the infraspinatus and teres minor muscles. For complex intra-articular fractures, it
may sometimes be necessary to split the infraspinatus muscle near the humeral head
and then expand the glenoid fracture by retracting the subscapularis muscle medi-
ally to fully expose the glenoid fracture. In addition, for the surgical management

of Ideberg type Ib or II fractures, an alternative option is a small straight incision
along the lateral scapular border with a posterior deltoid-sparing approach [49].

An 8- to 10-cm straight incision is made along the lateral edge of the scapula. The
deltoid fascia is incised and retracted cephalad. Dissection is performed between the
infraspinatus and teres minor muscles. The infraspinatus is retracted proximally and
the teres minor distally to expose the posterior and posterior-inferior aspects of the
glenoid. If the glenoid fracture extends to the medial aspect of the scapular body,
internal fixation can be assisted by making a small incision along the medial edge of
the glenoid body (Figure 11).

7. Rehabilitation and complications

In the postoperative period, rehabilitation management must be tailored to the
surgical approach (e.g., open vs. arthroscopic) and intraoperative stability (e.g., the
proper bony fragment fixaticty). Generally, the affected shoulder is immobilized
in a comfortable sling or abduction pillow sling for 3-4 weeks after surgery with no
lifting or bearing weight. Patients initiate passive shoulder exercises under a physical
therapist’s supervision immediately, within pain tolerance, and continue for 1 month
based on fracture fixation stability. Exceptions occurred only when repairing complex
rotator cuff tears, specifically when the subscapularis muscle had to be repaired via
an anterior approach or the infraspinatus muscle via a posterior approach from the

80



Scapular Glenoid Fractures
DOI: http://dx.doi.org/10.5772/intechopen.1011353

proximal humerus attachment point, following release. In such patients, the time of
immobilization is extended to 6 weeks [47, 57]. After 4-6 weeks, the sling is removed,
followed by active-assisted or active full range of motion in all planes [1]. Progressive
resistance training is initiated during the 6-8 week postoperative period [58]. Full
return to activities and noncontact sports is permitted at 3-4 months postoperatively,
based on individual tolerance and recovery progress [1]. Additionally, recent studies
are exploring new rehabilitation techniques and devices, such as wearable sensors to
monitor scapular motion, which can more accurately assess patients’ rehabilitation
progress and offer personalized training guidance [59].

Scapular glenoid fractures present significant clinical challenges, with both
operative and nonoperative management strategies carrying substantial risks of
complications and suboptimal outcomes. Conservative treatment frequently results
in unfavorable long-term sequelae, including chronic pain, dysfunction, shoulder
instability, and post-traumatic osteoarthritis [27, 60]. Complications associated
with operative management of glenoid fractures include (but not limited to):

(1) infection, shoulder stiffness, (2) rotator cuff weakness (due to retraction or
tenotomy), (3) problems related to hardware, (4) nerve injury, and (5) heterotopic
ossification.

Seiornandez et al. documented 93 complications in operatively and nonoperatively
managed scapular fractures. Among surgically treated cases, the most frequent
complications were painful hardware requiring removal (11 cases), stiffness requir-
ing manipulation under anesthesia (6 cases), and heterotopic ossification (7 cases)
[27]. Anavian et al., in a study of 33 patients with intra-articularly displaced glenoid
fractures, found that one patient had articular screw placement, one had postopera-
tive stiffness, and one underwent surgical resection of asymptomatic heterotopic
bone around the glenoid joint [61]. Of particular concern, a study found that 39%
of patients (10 cases) exhibited postoperative subscapularis insufficiency, mainly
presenting with limited shoulder internal rotation [62]. Although nerve injuries often
accompany glenoid fractures, it can be challenging to determine whether palsies, such
as axillary, brachial plexus, or suprascapular nerve palsies, are caused by the initial
trauma or subsequent surgical intervention. Therefore, a thorough preoperative nerve
evaluation is essential. A systematic retrospective analysis of 2560 Latarjet procedures
revealed an overall complication rate of 16.1%, with nerve injuries (including axillary,
musculocutaneous, and suprascapular nerve injuries, among others) occurring at a
rate of 1.9% [63].

8. Conclusions

Glenoid fractures, though uncommon, pose a challenge to the orthopedic surgeon
and come with a range of surgical treatment options. Glenoid fractures are often
associated with shoulder dislocation, injuries to the SSSC, clavicle fractures, humerus
fractures, rib fractures, and chest injuries. Therefore, it is crucial to pay attention
to differential diagnosis. We have summarized the available evidence on treatment
algorithms for different types of glenoid fractures. A variety of surgical approaches,
including open repositioning and internal fixation techniques as well as arthroscopic
repair and assisted fixation techniques, have been described and have yielded
encouraging results. Moreover, it is anticipated that the use of surgical treatment may
increase in the future, driven by advancements in arthroscopic, robotic, and naviga-
tional fixation techniques.
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Revitalizing Shoulder Wellness:
Innovative Approaches to
Rehabilitation for Rotator Cuff
Injuries

Emine Merve Ersever

Abstract

The shoulder joint is the body part with a complex anatomy and the widest range
of motion compared to other joints. Rotator cuff problems are the most common
cause of shoulder pain. Seventy-four percent of rotator cuff dysfunctions cause
severe shoulder pain. The decrease in the quality of daily living activities causes
significant joint limitations and injuries. Decreased nutrition of the rotator cuff
tendons can result from internal factors like microstructural collagen abnormalities,
variations in fiber properties, the shape of the coracoacromial arch, genetic influ-
ences, and hormonal changes. External factors include stress overload, kinematic
irregularities, and repetitive use. Rehabilitation for rotator cuff tears focuses on pain
management, improving range of motion, maintaining scapulothoracic rhythm, and
restoring functionality. Treatment of rotator cuff tendinopathy injuries yields suc-
cessful results with many conservative options (including exercise, electrotherapy,
acupuncture, manual therapy, injection therapy, and taping). In shoulder rehabilita-
tion, the primary focus should be on the elimination of pain and the restoration of
functional movements through dynamic stability of the rotator cuff and scapular
muscles. Neuromuscular re-education is provided, especially with therapeutic
exercises, and the aim is to strengthen the shoulder girdle muscles and achieve an
adequate range of motion.

Keywords: rotator cuff tendinopathies, shoulder rehabilitation, shoulder exercises,
shoulder stability

1. Introduction

The journey towards restoring shoulder health for individuals suffering from rota-
tor cuff injuries demands a comprehensive understanding of innovative rehabilitation
methods. Modern approaches to recovery go beyond traditional techniques, incorpo-
rating advancements in physical therapy, targeted exercises, and technology-driven
interventions.
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A critical element of these innovative rehabilitation strategies is the emphasis on
tailored exercise regimens. These programs are designed to strengthen the muscles
surrounding the shoulder joint, enhancing stability and improving range of motion.
For instance, resistance band exercises and rotator cuff-focused strength training
not only help in rebuilding muscle but also aid in pain management and functional
recovery. Additionally, the integration of modalities such as ultrasound therapy, elec-
trical stimulation, and cryotherapy has been shown to accelerate healing processes
by reducing inflammation and promoting tissue regeneration. Nutrition also plays a
pivotal role in shoulder recovery; a diet rich in anti-inflammatory foods and essential
nutrients supports optimal healing and overall wellness.Furthermore, incorporating
technology through wearable devices can provide real-time feedback on movement
patterns, helping practitioners fine-tune rehabilitation strategies. This personalized
approach ensures that rehabilitation plans are closely monitored and adapted to each
patient’s unique needs and progress.

The four muscles, collectively known as the rotator cuff muscles, form a pro-
tective sheath (or cuff) around the shoulder joint, comprising the tendons of the
supraspinatus, infraspinatus, subscapularis, and teres minor [1]. These muscles
originate from the body of the scapula and attach to the tuberosity of the proximal
humerus. The rotator cuff muscles play a crucial role in stabilizing the glenohumeral
joint, particularly during abduction. Their primary function is to ensure the dynamic
stability of the GH joint by compressing the humeral head against the glenoid. This
compression helps to resist glenohumeral movement and control rotations across
all planes, keeping the humeral head centered within the glenoid [2]. For all this to
happen, four muscles must work in synchrony. Eccentric and concentric contraction
of the rotator cuff muscles plays a primary role in providing dynamic stabilization
during movement. They are also responsible for force absorption and compression
between joint surfaces.

In general, tendinopathies are prevalent “overuse” injuries characterized by
load-related pain and a reduction in function. A 2019 symposium on tendinopathies
regarded the terms “subacromial pain syndrome” (or impingement) and “rotator
cuff-related shoulder pain” as synonyms, both referring to pain associated with the
shoulder tendons and the consequent loss of function [3]. The symptoms of this
condition typically include minimal pain at rest, a largely preserved range of motion,
and heightened pain during resistance training. Evidence indicates that the disability
resulting from rotator cuff tendinopathy significantly affects daily life, leading to
social burdens such as absenteeism and increased healthcare costs. Approximately
half of those affected experience these issues for over 12 continuous months and often
resort to surgery as a solution [3, 4].

Research on the architectural characteristics of rotator cuff muscles indicates that
these four muscles are primarily optimized for force production, aligning with their
function as stabilizers of the shoulder. Even minor alterations in muscle architecture
can significantly impact shoulder function. Therefore, a comprehensive understand-
ing of the muscular structure of these four muscles is invaluable for shoulder reha-
bilitation and treatment [5]. The type of muscle fibers, whether fusiform or pennate,
significantly impacts muscle strength. Pennate muscles, characterized by the presence
of intramuscular tendons, are considerably stronger than their fusiform counter-
parts. The supraspinatus, infraspinatus, and teres minor are examples of pennate
muscles, each containing intramuscular tendons [6]. The subscapularis is classified
as a multipennate muscle featuring 4-6 intramuscular tendons, and it is anatomically
challenging to identify its extramural tendons. Additionally, there are three distinct
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facets on the tuberculum majus: the upper, middle, and lower facets. The supraspi-
natus muscle attaches to the upper and slightly middle facets, while the infraspinatus
and teres minor muscles connect to the lower facet. The focus has been on the supra-
spinatus muscle due to its important role in rotator cuff tendinopathies. Regardless
of the cause, other than acute trauma, the first pathological change that disrupts the
normal structure in the RC is tendinopathy [7]. This change is most commonly seen in
the supraspinatus tendon. This region, characterized by inadequate vascularization,
is believed to be the primary factor contributing to supraspinatus tendonitis. The
supraspinatus muscle’s limited blood supply leads to increased fatigue during over-
head activities due to heightened intramuscular pressure. Additionally, the hypovas-
cularization impedes the migration of macrophages, mast cells, and T cells—key cells
involved in tendon repair—to the damaged area, rendering the supraspinatus muscle
more susceptible to injury [5-7].

2. Physiological mechanisms underlying rotator cuff injuries

Although various theories have been proposed to explain the physiological basis
of rotator cuff tendinopathies (RCT), some underlying mechanisms remain poorly
understood and warrant further study. The existing literature generally classifies
the causes of these tendon disorders into two main groups: intrinsic factors, which
include age-related degeneration and microscopic tendon tears, and extrinsic fac-
tors, which involve biomechanical stresses and external pressures that can lead to
tendon irritation and injury [8, 9]. This classification emphasizes the complex and
multifactorial nature of rotator cuff dysfunction and highlights the need for thorough
research to fully elucidate the intricate interactions among these contributing factors
(see Tables1 and 2).

Extrinsic factors are divided into two subgroups: primary and secondary [10].

Primary subacromial impingement is frequently seen in young populations,
especially in athletes, as a result of abnormal mechanical relationships between the
RK and the coracoacromial arch. Neer divided primary subacromial impingement
into three stages [11].

Stage 1: Edema and inflammation.

Stage 2: Fibrosis and tendonitis.

Stage 3: Bone spurs and tendon ruptures.

Intrinsic factors

Mechanical collagen stretching

Matrix component damage

Changes in vascularity

Metabolic changes

Overuse of tendons

Anatomical or bone anomalies

Hyaline, mucoid, and myxoid-type degenerations

Table 1.
Intrinsic factors contributing to rotator cuff tendinopathy.
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Extrinsic factors

Muscle imbalance

Motor control problems

Disruption of functional arc of movement

Postural change

Training errors

Occupational or environmental risk

Extrinsic factors are divided into two subgroups: primary and secondary

Table 2.
Extrinsic factors contributing to rotator cuff tendinopathy.

Secondary subacromial impingement occurs when there is a relative narrowing of
the subacromial space, primarily due to excessive demands on the rotator cuff to pro-
vide dynamic stabilization of the shoulder. This can arise from factors such as gleno-
humeral hypermobility, scapular dyskinesia, tension in the posterior capsule, muscle
weakness, and fatigue [12]. During arm movements, compression of the rotator cuff
muscles within the subacromial space may lead to degeneration, particularly of the
supraspinatus tendon, resulting in structural deterioration. Prolonged and repetitive
compression can give rise to microtears and potentially partial or full-thickness tears
of the tendon. These repetitive micro-traumas can trigger acute inflammation in the
synovial tissue, resulting in pain and functional impairment due to an increase in
pro-inflammatory cytokines within the synovium [11, 12].

The study by Clark and Harryman on rotator cuff tendons, capsules, and liga-
ments also classified microscopically the RK muscle pathologies into five layers [13].

Layer 1: This layer is situated adjacent to the obliquely oriented KH ligament
fibers, corresponding to each muscle axis. Arterioles are broadly distributed through-
out this layer.

Layer 2: Composed of parallel tendon fibers that are organized into large, tightly
packed bundles, this layer contains arterioles nestled between the crossing fascicles.

Layer 3: This layer features fascicles that are smaller than those in Layer 2 and are
not as densely packed. Blood vessels, although present, are smaller compared to those
in the previous layer.

Layer 4: Characterized by thin, ribbon-like collagen fibers, this layer consists of
loose connective tissue. Here, only blood vessels and capillaries are present, located
adjacent to the extra-articular surface of the shoulder capsule.

Layer 5: This thin layer adheres to the humerus through delicately woven collagen
fibrils, resembling Sharpey’s fibers found in bone.

3. Clinical evaluation
3.1 Pain

Pain is often the most common symptom associated with shoulder pathologies.
It is crucial to assess the pain experienced during rest, activity, and at night, as this
can provide valuable insight into the underlying condition and guide the appropri-
ate physiotherapy approach. For instance, if a patient experiences pain at night, it
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typically indicates inflammation, and treatment modalities that might exacerbate
inflammation should be avoided. Rest pain can be evaluated similarly; however, if the
pain occurs only during activity, it is likely related to a mechanical issue. In such cases,
it is important to examine how normal movement biomechanics are affected and
identify the source of the abnormal movement [14].

3.2 Range of motion

Assessing joint movement is a crucial aspect of differential diagnosis for various
pathologies. When evaluating joint movement, it is essential to examine painless
active joint movement, along with both active and passive joint movements. In cases of
impingement syndrome, a reduction in joint mobility is typically observed due to pain;
however, passive joint movement remains unaffected. In contrast, the key distinguish-
ing feature of a frozen shoulder is the restriction of passive joint movement. Conditions
such as impingement syndrome, rotator cuff tears, or humeral issues should be con-
sidered in this context. However, in terms of evaluating functionality, it is important to
remember to evaluate active total elevation and active internal rotation [15].

3.3 Muscle strength

Assessing the strength of muscles within the painful range provides highly reli-
able information. If muscle strength is preserved during the test, it may lead to an
underestimation of the normal strength values. After pain has diminished, evaluating
muscle strength becomes crucial for identifying any imbalances and devising an
appropriate exercise program [16].

3.4 Evaluation of scapular movement

Evaluation of scapular movements is important in determining the exercises to be
given. In the clinic, scapular movement can be evaluated observationally and with the
lateral scapular slide (Kibler) test [17]. In the laboratory environment, three-dimen-
sional analysis systems provide the opportunity for objective measurement in the
evaluation of scapular movement. However, since these systems are expensive and
the evaluations take a long time, they are mostly used in scientific studies. Although
the lateral scapular slide test can be easily applied in the clinic, different results
have been reported regarding its reliability [17, 18]. It can be preferred, especially in
unilateral scapular dyskinesia, in order to give an idea. The test is performed in three
different positions. In the first position, the patient is standing, the arms are at the
side of the body, and the distance between the inferior angle of the scapula and the
collumna vertebralis is measured with a tape measure. In the second position, with
the arms on the waist, and in the third position, with the arm in 90-degree abduction
and internal rotation, the distance between the inferior angle of the scapula and the
vertebrae collumna is evaluated and compared with the healthy side.

3.5 Palpation

It is important to evaluate the tenderness of soft tissues. Especially the evaluation
of the tenderness of the rotator cuff muscles, the long head of the biceps brachii, the
pectoralis minor, and the posterior capsule by palpation is important for the manual
therapy methods to be applied [19].
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3.6 Functional activity level

How well patients return to their daily activities is actually one of the most impor-
tant determinants of the success of the treatment. Different questionnaires are used
for this. The most commonly used ones are DASH-T, ASES questionnaire, Constant-
Murley questionnaire, SPADI, etc. [20].

4. Treatment approaches in rotator cuff tendinopathy

In treating RCT injuries, conservative methods are usually the first choice. Surgical
intervention is considered when conservative treatment does not provide sufficient
relief. The primary goals of RCT treatment should be to alleviate pain and restore
functional movements while ensuring dynamic stabilization of the rotator cuff and
scapular muscles. The processes of tissue repair and inflammation play a crucial role in
determining the pace and objectives of both treatment and exercise progression. These
processes guide therapists in deciding whether to adopt a more aggressive approach or
to exercise caution, particularly in cases of an irritable shoulder where pain manage-
ment is prioritized. During rehabilitation, it is essential to find a balance between
restoring shoulder mobility and allowing for the healing of soft tissues [20-23].

4.1 Conservative treatment

Conservative treatment of RCT includes pharmacological treatments, exercises,
electrotherapy, and patient education programs.

4.2 Pharmacological treatment

Pharmacological approaches for treating RKL can be administered orally, topi-
cally, or through intra-articular injection. Oral medications include paracetamol,
non-steroidal anti-inflammatory drugs (NSAIDs), opioid analgesics, and psychotro-
pic medications. Additionally, NSAIDs may be applied topically to the skin. In recent
years, intra-articular injection has become a frequently utilized treatment method.

Corticosteroids, hyaluronic acid, or platelet-enriched plasma are administered
in the glenohumeral or subacromial space [24]. This approach is commonly favored
due to its practical application, minimal systemic side effects, and rapid pain relief.
However, the long-term outcomes and overall effectiveness of these treatments have
not been definitively established in the existing literature [14].

4.3 Thermal agents and manual applications

Thermal agents encompass superficial heat agents, cryotherapy (cold therapy),
and deep heat applications. Thermotherapy involves the use of hot or cold treatments
to alter the temperature of soft tissues, skin, and joints. These thermal agents play a
significant role in managing pain, tissue metabolism, edema, and inflammation by
influencing blood circulation and the chemical reactions occurring within the body.
Additionally, they help regulate mechanical modalities, as well as intracellular and
intercellular fluid balances [25].

Cold therapy reduces blood flow by inducing vasoconstriction and lowering the
temperature of skin and soft tissues. This leads to a decrease in nerve conduction
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speed, inflammation, and metabolic rate. When tissue and joint temperatures fall to
30°C or below, it inhibits enzymes such as collagenase, elastase, and hyaluronidase,
resulting in cellular hypoxia, which helps reduce edema and the presence of inflam-
matory mediators. The use of cold affects the exchanges between Ca** and Na’, caus-
ing opposite irritation, thus increasing pain tolerance. In the literature, ice application
is recommended as an effective treatment for cryotherapy. The application time varies
between 10 and 30 min. Cutaneous changes occur within 6-12 min. It can be in the
form of ice massage, cold packs, sprays, and ice immersion [26].

Among the various superficial heat applications, hot packs and paraffin are the
most commonly used agents, typically offering a maximum penetration depth of
1 cm or less. The recommended duration for both treatments is 20 minutes. In terms
of deep heating modalities, ultrasound (US) is the most widely utilized therapeutic
agent. The frequency setting for ultrasound is adjusted based on the depth of the
tissue being treated. Higher frequencies result in energy absorption primarily in
superficial tissues, while lower frequencies allow for deeper tissue penetration and
absorption. Specifically, 1 MHz ultrasound is effective for treating tissues located
3-7 cm deep, such as the rotator cuff, gastrocnemius, and vastus intermedius muscles.
Conversely, 3 MHz ultrasound is better suited for treating tissues that are more
than 3 cm superficial, including the patellar tendon, medial collateral ligament, and
brachialis muscle [27].

Manual therapies, including deep tissue massage, joint mobilization, trigger
point release techniques, transverse friction massage, soft tissue mobilization,
visceral mobilization, and proprioceptive neuromuscular facilitation, involve pas-
sive movements that are applied gently and slowly, often incorporating oscillations.
Additionally, the definition provided by orthopedic manual therapy professionals
encompasses pain modulation, neural tissue mobility, movement control, muscle
stabilization, and the enhancement of functional capabilities [28].

Deep friction techniques and deep tissue massages, which are part of manual
therapy approaches, induce traumatic hyperemia in the tissues and stimulate both
Type I and II mechanoreceptors. The afferent impulses generated from the moved
structures override pain stimuli, resulting in temporary analgesia. Furthermore,
deep transverse friction massage promotes the shortening of collagen tissue and
regulates interstitial fluid content, leading to improved mobility. It is advisable to
administer manual treatments for a duration of at least 4 weeks, three times a week,
for 10-20 minutes each session [28, 29].

5. Rehabilitation and exercise strategies

Several individual factors, including the patient’s age, expectations, activity level,
tear size, as well as any atrophy and degenerative changes present, influence the selec-
tion of treatment. During the acute phase, early rehabilitation prioritizes address-
ing pain, inflammation, and edema while restoring the normal range of motion.
Preferred interventions include ice application, electrical stimulation, laser therapy,
manual therapy, dry needling, low-dose intermittent ultrasound, pendulum exercises,
and isometric exercises. The objectives of early rehabilitation encompass reducing
muscle inhibition, preserving the integrity of the repair with a tear, and promoting
independence in modified movements.

Immobilization during the initial 3-5 days of the acute phase facilitates the pro-
gression of both the inflammation and proliferation phases. Supporting the shoulder
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at a 45° angle in abduction, with the elbow flexed at 90° and the shoulder in internal
rotation, enhances blood flow to the supraspinatus. This positioning also alleviates
tension on the tendon caused by reflexive muscle contractions within the supraspi-
natus [30]. Additionally, Grade 1-2 joint mobilization and passive joint movements
are beneficial in promoting the formation of regular collagen fibers, fostering muscle
relaxation, and preventing the development of adhesions (Figure 1) [31].

The goal of rehabilitation during the subacute middle phase is to facilitate soft
tissue healing while avoiding excessive tension on the recovering tissues and ensuring
optimal neuromuscular control. Early mobilization plays a crucial role in influenc-
ing both longitudinal and transverse displacement of tissues and tendons, as well as
enhancing tensile strength. Mobilization techniques can be particularly beneficial
during the early fibroplasia stage due to the reformation of collagen tissue (Figure 2).

Figure 1.
Lsometric shoulder external rotation.

Figure 2.
Posterior capsule stretching.
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Research indicates that tendon length can be significantly increased when appropriate
tension is applied to the tissues by the third week. Therefore, early passive motion
should commence around the 10th day, followed by the introduction of early active
joint motion in the subsequent phase, progressing up to the 21st day [30, 31].

In this period, to increase muscle strength, proximal stability, and distal mobility,
closed kinetic chain exercises, capsule and muscle stretching exercises, dumbbell
exercises against gravity, theraband, scapular stabilization exercises, and propriocep-
tive exercises are preferred (Figures 3 and 4). Physiotherapy applications such as

Figure 3.
Closed kinetic chain scapula retraction.

Figure 4.
Shoulder internal rotation strengthening.
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ultrasound, electrical stimulation, hot applications, grade 3-4 humeral mobilization,
and transverse friction massage can be used [32].

The aim of rehabilitation in this phase is to ensure the extension of newly syn-
thesized collagen and to increase regular collagen formation. Collagen formation
continues until the 6th week. Soft tissue mobilization performed on the tissue and
its surroundings allows the incision scar to extend, proper muscle function and pain
reduction [1, 24]. Restoration of scapular muscle activity is very important in this
period for dynamic proximal stability [14].

During the chronic phase of advanced rehabilitation, the primary goals include
achieving a full, painless, active range of motion, gradually restoring strength,
power, and endurance in the glenohumeral and scapular regions, as well as facilitat-
ing a return to functional activities. Patients have experienced a reduction in pain
and tenderness in the glenohumeral joint during rest; however, decreased scapular
movement persists. By the sixth week, collagen formation starts to diminish gradually.
Maturation or remodeling initiates in the third week and continues until approxi-
mately 12-18 months. Throughout this period, it is essential to maximize tissue
extensibility, with a strong emphasis on strengthening exercises [33].

Returning to full activity without pain and limitations can take patients over a
year, and regaining their full potential is often a lengthy and challenging process,
both financially and emotionally. Therefore, establishing home exercise programs
and maintaining patient follow-up are critical for individuals with RCT. Integrating a
recommended home exercise program into most rehabilitation protocols is essential
to ensure complete recovery.

6. Conclusions

The combination of physiotherapy with conventional treatment and exercise
training for patients with rotator cuff tears (RCT) has been shown to yield positive
outcomes in pain relief, functional activity, muscle architecture, and muscle strength.
Given the nature of the lesions and muscle structure, integrating physiotherapy
methods with exercise is crucial due to its clinical applicability, affordability, and
accessibility, all of which contribute to effective improvements in shoulder muscle
strength and tendon adaptation. Furthermore, these exercises are sustainable, as they
can be easily incorporated and performed as home exercises.
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Chapter 6

Manual Therapy: A Cornerstone in
the Treatment of Shoulder Injuries

Muhammad Hafeez, Shabana Rahim and Kivan Shahzadi

Abstract

Shoulder injuries, which can range from adhesive capsulitis to rotator cuff
disorders, present substantial obstacles to physical therapy (PT) because of the
complex anatomy and biomechanical requirements of the joint. One of the core
interventions in physical therapy has long been acknowledged to be manual
therapy (MT) when treating different shoulder injuries as a safe, non-surgical
treatment approach. This chapter describes the role of different manual therapy
techniques that can help patients with shoulder injuries regain their range of
motion (ROM), manage pain, and improve movement functionality. The physi-
ological consequences and clinical applications of several evidence-based manual
procedures are highlighted, including soft tissue mobilizations (STM), joint mobiliza-
tions (JM), myofascial release (MFR), and muscle energy techniques (MET). It also
emphasizes how crucial expert manual therapy techniques are to providing patient-
centered care and maximizing recovery in shoulder rehabilitation, but it also poses
some absolute and relative contraindications related to patient-specific conditions.
The current chapter presents information about current challenges alongside future
potential advancements together with its limitations in this field as an important
guide for healthcare providers and patients pursuing total shoulder injury treatment.

Keywords: manual therapy, shoulder injuries, myofascial release, soft tissue
mobilization, joint mobilization, muscle energy technique, pain management

1. Introduction

Humans possess one of the most adaptable and fragile shoulder joints in their body
structure, which results in numerous regular injuries. Due to its delicate anatomy and
extensive movement possibilities, the shoulder becomes at risk for developing rotator
cuff tears along with impingement syndrome and adhesive capsulitis (AC) (also
known as frozen shoulder) and dislocations. Proper management of shoulder condi-
tions requires a full grasp of shoulder structures along with early and appropriate
treatment of standard injuries.

1.1 Overview of common shoulder injuries

The shoulder joint ranks as one of the most frequent musculoskeletal conditions
that affects people with differences in age and exercise ability. Movement functions
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of the shoulder joint depend on the four muscles within the rotator cuff as well as
their corresponding tendons for joint stability. Rotator cuff tears (RCT) develop from
endurance-based overhead activities as well as trauma and the aging-related degener-
ative changes [1]. Pain along with weakness combined with limitations in performing
daily lifting or reaching activities form common symptoms of this issue.

Shoulder impingement syndrome (SIS) refers to a common condition that com-
presses rotator cuff tendons together with bursa bones under acromion structures
during arm elevation motion. The condition develops because of problems with
muscle balance or bad posture and repetitive movements [2]. Patients feel pain when
they raise their arms, but if they do not receive treatment, their shoulder dysfunction
can become long-term.

Adhesive capsulitis or frozen shoulder is a serious joint condition that features
the development of stiffness and discomfort because of capsule swelling and inflam-
mation. Medical experts have not determined the precise cause of this condition, yet
doctors link it frequently to prolonged immobilization or diabetes or systemic health
conditions [3]. A humeral head dislocation occurs due to forceful movement that
separates it from the glenoid cavity leading to severe pain as well as instability prob-
lems alongside possible enduring complications including repeated dislocations and
labral tears [4].

1.2 The complexity of shoulder anatomy and its susceptibility to injury

The shoulder bones have outstanding mobility capabilities due to their special
structure, but achieve this through diminished joint stability. As the glenohumeral
joint (GHJ) works as a ball-and-socket connection, its alignment and movement
control depend heavily on soft tissue elements, including ligaments, tendons, and
muscles for stability. The shoulder joint shows natural instability because its glenoid
fossa is shallower than its large humeral head size [5].

Shoulder mechanical operations heavily depend on both the scapulothoracic joint
function along with all surrounding shoulder musculature. Body movement abnor-
malities in the shoulder blade led to scapular dyskinesis (SD) that distorts shoulder
complex stress distributions, thus making damage more likely [6]. The combination
of unbalanced muscles with deficient neuromuscular control along with insufficient
joint positioning ability makes shoulders more susceptible to sustaining harm.

1.3 Importance of early diagnosis and intervention

It is important to detect shoulder injuries early since it helps prevent permanent
disability and leads to optimal healing outcomes. According to Brady, when medical
care is delayed, patients may experience the development of secondary complica-
tions, which include muscle atrophy together with joint contractures and persistent
pain syndromes [1]. A medical assessment must include histories, physical testing,
and appropriate imaging exams to help healthcare professionals identify pathologies,
which will help them select proper treatments.

Manual therapy plays a vibrant role in forming early intervention methods, which
experts now consider fundamental. Manual therapy achieves dual functions because
it treats symptom relief through soft tissue restriction management along with the
treatment of underlying dysfunctional causes of the pathology [7]. Cellular joint
motion combined with therapeutic exercises with patient education stands as the
fundamental system of shoulder rehabilitation treatment.
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2. Understanding manual therapy

The discipline of manual therapy uses therapist hand methods to examine diag-
noses and heal musculoskeletal disorders (MSDs). The practice includes multiple
treatment approaches that focus on stretching tissues while decreasing pain levels
alongside the improvement of joint motion capacity and rehabilitation of proper body
movements. The biomechanical and neurophysiological properties of the body form
the foundation of manual therapy practice since they demonstrate how soft tissues
link together with joints and the nervous system [8]. Shoulder injury treatment starts
with manual therapy because this main treatment approach addresses deficits in both
structure and function to achieve complete healing.

2.1 Definition and principles of manual therapy

According to the American Physical Therapy Association (APTA), skilled hand
movements used during manual therapy provide physical treatment of joints and soft
tissues to alter pain levels while improving ROM and reducing or eliminating inflam-
mation from soft tissues and promoting relaxation and tissue repair while facilitating
movement and enhancing functional abilities [9]. Manual therapy treatment operates
on several fundamental principles that involve two main aspects.

Joint mobilization together with soft tissue manipulation functions to change
mechanical tissue properties by breaking adhesion and stretching tight structures
along with enhancing joint alignment.

Few primary therapeutic actions emerge from manual therapy since mechanore-
ceptors and nociceptors become stimulated, thus affecting pain perception while also
resulting in hypertonic muscle relaxation [8].

Professional therapists apply manual therapy according to individual patient
requirements through assessments of personal injuries while taking their functional-
ity and therapeutic goals into account.

Manual therapy benefits complex shoulder areas due to its simultaneous treatment
of various dysfunction aspects. Therapists can reach overall treatment targets when
they merge these methods to provide their patients with pain minimization along
with increased range of motion and better functional abilities.

2.2 Types of manual therapy techniques used for shoulder injuries

Medical practitioners use different manual treatment methods to treat shoulder
injuries by focusing on various dysfunction types for rehabilitation purposes. The
therapist applies various treatment methods, such as soft tissue mobilization, fol-
lowed by joint mobilization and manipulation, alongside myofascial release accompa-
nied by muscle energy techniques.

2.2.1 Soft tissue mobilization (STM)

The procedure of STM includes targeted movements and tension application upon
muscles, tendons, ligaments, and fascia to eliminate tension while enhancing blood
flow circulation and dissolving scar tissue. Shoulder muscle tightness combined with
trigger points and myofascial restrictions can successfully treat these conditions using
this particular therapy method [10]. The technique of soft tissue mobilization delivers
benefits to wounded rotator cuff tendinitis patients by both increasing blood flow
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and decreasing inflammation, as well as easing tendon sensitivity. The rehabilitation
therapist uses massage modalities like cross-friction massage and deep tissue massage
to treat dysfunctional parts of the injured tissue.

2.2.2 Joint mobilization (JM) and manipulation

The process of JM uses calibrated forces on joints in order to normalize arthro-
kinematics motion patterns, which enhances joint range of motion. The different
grades of these techniques determine their force amplitude along with their force
velocity. Medical personnel use Grades I-II mobilizations to treat soreness as well as
Grades ITI-1V mobilizations to promote joint flexibility and recover standard joint
mechanics [11].

The performance of manipulation results in a high-velocity and low-amplitude
force applied to a joint, which produces an audible cavitation sound. The practice of
manipulation offers valuable treatment for patients with frozen shoulder conditions
when it helps reduce capsular restrictions. The primary goal of both mobilization and
manipulation techniques is to return glenohumeral joint mobility along with optimal
scapulohumeral rhythm function according to the work of Giuseppe et al. [6].

2.2.3 Myofascial rvelease (MFR)

A gentle sustained pressure application on fascial tissue through myofascial
release enables tension release and allows for better tissue stretching. The presence
of restricted fascial tissue often leads to abnormal shoulder motions that produce
pain due to tissue injuries. MFR provides benefits to patients with adhesive capsu-
litis because it loosens joint capsules along with adjacent connective tissues, which
promotes increased ROM and pain reduction [12]. The therapist implements this
method in combination with additional manual therapy interventions for better
results (Figure1).

2.2.4 Muscle energy techniques (MET)

Therapists apply counterforces on patients to enhance mobility and increase
muscle length through voluntary muscle contractions known as METs. The applica-
tion of METs provides effective treatment for correcting shoulder muscle imbalances

Figure 1.

Myofascial velease therapy. (A young female patient is in side-lying position and receiving
myofascial velease therapy for her left shoulder) (https://massageblisschicago.com/
myofascial-release-therapy-methodology-features/).
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together with joint disorders. METs provide treatment in scapular dyskinesis by
developing serratus anterior strength together with trapezius lower activation to
counteract upper trapezius activation and levator scapulae activation [6]. This
method enables better neuromuscular control as well as improved overall stability
and shoulder complex coordination.

2.3 Role of manual therapy in pain relief, improving ROM, and restoring function

Shoulder injury rehabilitation includes extensive aspects of manual therapy, which
minimize pain while improving ROM deficits and functional abilities through direct
and indirect treatment effects.

The therapeutic actions of manual therapy both control pain signals through the
neurophysiological mechanisms and activate the body’s endogenous opioid response
to minimize pain signals. When practicing soft tissue mobilization and joint mobiliza-
tion, practitioners activate mechanoreceptors to both stop pain signals and create
pain relief [7]. The reduction of inflammation and edema through manual therapy
produces additional contribution to pain reduction.

Manual therapy works toward normal ROM recovery through treating joint hypo-
mobility and soft tissue limitations and muscle tension. Direct application of joint
mobilization and manipulation techniques enables patients to develop better arthro-
kinematics movements through simultaneous improvement of soft tissue compliance
with myofascial release and manual soft tissue techniques. According to Fernandes
[12], manual therapy significantly raises active and passive ROM in patients with
frozen shoulder, thus allowing for meaningful shoulder function recovery.

Patients achieve functional restoration when manual therapy teams up with
therapeutic exercises to teach neuromuscular skills. Manual therapy builds a struc-
tural base for muscle strengthening by improving joint function dimensions as
well as muscle flexibility and neural control mechanisms. The addition of dynamic
stabilization exercises enables patients to receive progressive treatment from scapular
dyskinesis rehabilitation with METs and joint mobilization methods to better their
shoulder stability and performance [6].

Manual therapy represents an adaptable, evidence-based solution for managing
injuries that affect the shoulder. The therapeutic effects of manual therapy allow
practitioners to deal with pain while managing restricted ROM and clinical function,
thus becoming an essential rehabilitation resource. Other therapeutic approaches
strengthen the application of manual therapy to provide complete patient outcomes
for shoulder injury management.

3. Benefits of manual therapy for shoulder injuries

The various advantages of manual therapy help shoulder injury patients by treat-
ing both their symptoms and fundamental dysfunction causes of injury. The recre-
ational benefits of manual therapy treatment include pain and inflammation relief
while improving joint flexibility and mobility and strengthening muscles as well as
enhancing coordination. Furthermore, the speedy recovery of patients enables them
to return to their daily routines or sports activities. As part of a whole rehabilitation
process, manual therapy works to speed up healing and produce better functional
results, thus allowing patients to recover their independence and maintain their
quality of life (QOL).
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3.1 Reduction of pain and inflammation

Manual therapy immediately benefits patients through its successful reduction of
pain and inflammation, which frequently appear as symptoms of shoulder injuries.
All three manual therapy techniques of soft tissue mobilization with joint mobiliza-
tion and myofascial release focus on treating nociceptive pathways alongside inflam-
matory processes that produce discomfort. The practice of soft tissue mobilization
cuts down localized inflammation through enhanced lymphatic drainage and boosted
circulation, which eliminates swelling and edema [10]. The application of low-grade
oscillations during joint mobilization activates mechanoreceptors in the joint capsule
that control the transmission of pain signals through the gate control theory (GCT) of
pain modulation [8].

Neurophysiological changes activate immediate pain relief, which lets patients
become more involved with therapeutic exercises. The therapy helps decrease muscle
guarding and hypertonicity because these factors commonly increase pain while
restricting joint motion. The healing process and recovery become more efficient
when manual therapy treats multiple factors affecting the healing environment.
Fernandes described manual therapy treatments as successfully decreasing pain
intensity for patients suffering from rotator cuff tendinitis and adhesive capsulitis
and post-surgical shoulder conditions [12].

The pain relief achieved through manual therapy makes patients more comfort-
able and helps them follow rehabilitation instructions, which leads to improved
long-term recovery results. Improvement in joint mobility and flexibility for shoulder
injuries create joint hypomobility, which restricts the ROM because of capsular
tightness and adhesions between joints along with muscle imbalances. The direct
structural limitations get resolved through manual therapy, which restores joint range
of motion along with flexibility. The Grades Il and IV joint mobilization techniques
demonstrate high effectiveness for improving shoulder accessory movements that
support typical shoulder mechanics [11]. The combination of joint mobilization with
stretching exercises successfully increases both active and passive ROM in patients
with frozen shoulder because it enables normal shoulder function (Figure 2) [3].

Soft tissue mobilization together with myofascial release helps treat the restricted
musculature and fascial tissue to enhance flexibility even more. Such techniques
reduce fibrotic tissue while improving tissue elasticity to reduce stiffness, which

Figure 2.

Shoulder joint manipulation. (A female patient suffering from left frozen shoulder is lying supine and being
treated by a physical therapist in order to improve shoulder ROM) (https://ultimatehealthclinic.ca/blog/
osteopathy-tips-and-news/can-osteopathy-help-treat-frozen-shoulder/).
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allows users to achieve better movement coordination. The extensive range of motion
that results from improved joint mobility along with better flexibility diminishes both
medical symptoms while minimizing the chances of developing secondary injuries,
including altered movement routines. The recovery of proper joint function through
manual therapy delivers both therapeutic and permanent advantages for joint health.

3.2 Enhancement of muscular strength and coordination

The common aftermath of shoulder injuries includes muscle weakness and poor
neuromuscular control, which develops because of pain inhibition or disuse or
through altered movement patterns.

Manual therapy, when performed with therapeutic exercises, functions effec-
tively to boost the strength of muscles and improve neuromuscular coordination
patterns in patients. The activation of weak muscles combined with antagonist
inhibition through METs stands out as an effective method [6]. Physical therapy
professionals use METs to activate the serratus anterior and lower trapezius muscles
in patients with shoulder dysfunction since these muscles are usually underactive
in scapular dyskinesis cases. These techniques boost the patient’s scapular stability
and alignment, which consequently leads to superior overall shoulder function and
less occurrences of repeated injuries. Manual therapy helps patients develop better
proprioceptive abilities because this ability is essential for executing complex shoul-
der movements. Manual therapy methods that include joint mobilization together
with soft tissue mobilization activate mechanoreceptors, which improve both sensory
information transmission and motor control abilities [7].

The dual benefits of better muscle activation along with enhanced body position-
ing lead patients toward smooth movements that protect vulnerable tissues over
the long term. Through its dual approach to strength development and coordina-
tion training, the treatment ensures patients recover their physical abilities and
acquire injury prevention abilities. Promotion of Faster Recovery and Return to
Daily Activities or Sports Manual therapy achieves its most important aim through
quickened healing processes which enable patients to go back safely into their sport
or daily routines.

The treatment combination of pain reduction with joint mobility recovery and
muscle strength improvement establishes healing conditions during rehabilitation
period. Active players and athletes gain special benefit from fast recovery since long
periods of rest can make them lose their conditioning and decrease their sports
performance.

Studies demonstrate that rehab programs that include manual therapy end up
reducing the duration of shoulder injury recovery periods. The combination of
exercise therapy with manual therapy helped rotator cuff tendinitis patients reach pre-
injury activity levels more quickly compared to patients who received exercise therapy
only, according to the work of Brady et al. [1]. Shoulder rehabilitation outcomes after
surgery demonstrate enhancement when manual therapy treatments are implemented
because patients achieve faster recovery of ROM and strength development [4].

Manual therapy creates an approach to recovery that enables patients to actively
participate in their rehabilitation process. Additional home-based exercises unite
with clinical treatments to offer continuous care that leads patients to maintain their
rehabilitative advancement. By putting patients at the center of treatment, the recov-
ery time decreases alongside better compliance to rehabilitation guidelines, which
produces superior results.
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4. Assessment before manual therapy

A complete clinical examination must precede manual therapy applications to
shoulder injuries in order to conduct safe and effective medical interventions. A
complete diagnosis requires both historical data collection and physical tests, as well
as diagnostic imaging examinations. It is essential to identify all contraindications for
manual therapy since this assessment will help prevent worsening of injuries alongside
adverse effects. The assessment procedure serves to select correct rehabilitation tech-
niques and creates initial measurement points which enable monitoring of treatment
progress.

4.1 Importance of a thorough clinical evaluation

Clinical evaluations that provide a complete examination form the basis for creat-
ing specific treatment approaches that suit each patient’s requirements. The therapist
uses this method to identify the root cause of the condition while assessing how severe
the damage is and what elements contribute to the problem, including imbalances
between muscles and joint dysfunction or postural issues [13].

Manual therapy becomes ineffective or potentially dangerous when this evaluation
step is omitted. The evaluation process starts with gathering complete patient infor-
mation about symptom characteristics and their timing along with known causes and
treatment history. The diagnosis and treatment expectations improve when medical
professionals understand if the pain developed suddenly or evolved gradually as well
as if it resulted from an accident or emerged without explanation.

The evaluation process includes activity-related inquiries about work and daily
functions to detect functional limits, which guide rehabilitation targets. Evaluation of
patient psychosocial characteristics, which include movement anxiety (kinesiopho-
bia) and injury-associated nervousness, stands equally important to the assessment
process. The recovery process and treatment adherence are both heavily affected by
various factors [1].

The therapist delivers complete healthcare by understanding and treating both
physical and mental health needs of patients. Diagnostic Tools and Tests for Shoulder
Injuries: A physical examination follows the historical assessment to provide doc-
tors with diagnostic and treatment decision-making information through objective
findings. A shoulder complex evaluation consists of observational components and
palpation along with motion range tests and strength measures and tests that assess
particular shoulder structures.

4.1.1 Observation

During both static and dynamic movements, the therapist will examine the
patient for proper posture and alignment of their scapula and the symmetry of their
shoulders. Examples of shoulder injury indications include forward head posture or
winged scapulae or asymmetrical shoulder levels, which show potential biomechani-
cal contributions to the injury [6].

4.1.2 Palpation

By using palpation, the therapist can detect both swollen and tight muscles along
with sensitive tissue areas. A doctor can use tenderness tests to evaluate rotator cuff
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involvement by assessing the greater tuberosity, while anterior joint line tenderness
points to labral pathology [5].

4.1.3 Range of motion testing

The assessment includes both active and passive range of motion measurements
that check joint movement along with tracking any movement limitations. Passive
ROM testing by therapists differentiates from active ROM testing by patients to deter-
mine mechanical from neuromuscular dysfunction causes. The assessment of active
ROM compared to passive ROM determines whether muscle weakness or inhibition
exists, while joint hypomobility or capsular tightness becomes apparent from passive
ROM restrictions [11].

4.1.4 Strength testing

Manual muscle testing (MMT) serves to assess the strength of shoulder muscles,
which include deltoid and rotator cuff as well as scapular stabilizers. According to
Giuseppe, the weakness of particular shoulder muscles including supraspinatus and
serratus anterior helps identify treatment areas [6].

4.1.5 Special tests

Specialized tests exist for identifying particular conditions affecting the shoulder.
Examples include: The assessments of Neer’s Test and Hawkins-Kennedy Test help
determine the presence of subacromial impingement syndrome. The supraspinatus
tendon integrity can be evaluated using the Empty Can Test (Jobe’s Test). The evalua-
tion includes Speed’s Test, which checks for biceps tendinitis with Yergason’s Test used
to detect labral tears.

* Apprehension test: Identifies instability or risk of dislocation. Imaging studies
play an essential part alongside physical examination because they help doctors
confirm their diagnoses and eliminate severe health conditions.

* Common imaging modalities include: X-rays, which help doctors identify
fractures as well as dislocations and osteoarthritis while showing symptoms of
calcific tendinitis. MRI produces detailed images of tendons along with ligaments
and the labrum, which enables healthcare providers to detect rotator cuff tears
and labral injuries and adhesive capsulitis [3].

Real-time examination of active structures through ultrasound (US) enables
clinicians to see the rotator cuff and biceps tendon during procedures such as injec-
tions and aspiration. Magnetic resonance arthrography (MRA) should be used as
an advanced imaging technique to evaluate complex intra-articular pathologies in
patients [4].

5.1dentifying contraindications for manual therapy

The safety and effectiveness of manual therapy exist until opposite indications
appear, which demand specific modifications to maintain patient safety. The assessment
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process requires a thorough examination of contraindications for proper patient care.
Absolute and relative contraindications exist for manual therapy according to their
severity and risks to patient safety.

o Absolute contraindications: Manual therapy poses serious risks to patients in these par-
ticular conditions, thus becoming completely prohibited for use. Examples include:

o Acute fractures or dislocations.

o Active infections or inflammatory conditions, such as septic arthritis or
rheumatoid arthritis flare-ups.

A severe case of osteoporosis elevates the possibility of developing pathological
fractures. The treatment of unstable spinal cord injuries or neurological deficits
should be avoided because manipulation procedures may intensify their condition.

* Relative contraindications: Manual therapy can be appropriate for these medi-
cal situations, although practitioners need to exercise careful judgment while
modifying their techniques. Examples include:

The application of manual therapy should be avoided when patients have under-
gone recent surgical procedures or suffered traumatic injuries, since excessive force
might harm healing tissues. The excessive joint mobility of these patients makes them
vulnerable to joint subluxations and unstable joint positions. The treatments could
be harmful to patients who suffer from vascular conditions, consisting of deep vein
thrombosis (DVT) or arterial insufficiency, because pressure or movement could
affect their circulation. The healing process and treatment response of patients with
systemic diseases including diabetes and cancer may be negatively affected. Physical
therapists must adjust their treatment methods for patients who present relative con-
traindications to lower the risks involved. The use of gentle mobilization techniques
combined with soft tissue approaches replaces high-paced manual methods, and
treatment should wait for the resolution of acute healing periods [7].

6. Manual therapy works best when used in conjunction with additional
treatment methods as part of their rehabilitation approach

The maximum benefits of manual therapy appear when rehabilitation programs
include complete approaches that recognize diverse aspects of shoulder injuries.
Clinicians should use manual therapy in conjunction with exercise therapy and
physical modalities as well as psychological support for a complete recovery method.
The section analyzes how these supporting therapeutic approaches boost the success
of manual therapy by achieving the best functional recovery result and sustaining
patient health throughout life.

6.1 Integration with exercise therapy and rehabilitation programs

The basic principle of shoulder rehabilitation relies on exercise therapy that
strengthens its association with manual therapy to treat muscular imbalances and
establish stable joints while improving functional movements. The benefits from
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manual therapy treatment grow stronger through exercise therapy, which adds muscle
strengthening along with neuromuscular control and dynamic stability training.

6.1.1 Synergistic effects

Manual therapy develops a beneficial circumstance for exercise because it reduces
pain symptoms while boosting range of motion abilities. Muscle and joint mobiliza-
tion techniques along with soft tissue procedures decrease pain while making exercise
practice more comfortable for patients [1].

Exercise therapy boosts manual therapy effects through its ability to treat weak
muscles and fix scapular dyskinesis. Patients reduce the risk of instability and lose
gains in mobility by performing rotator cuff and deltoid and scapular stabilizer
strengthening exercises to meet functional requirements.

6.1.2 Examples of combined interventions
6.1.2.1 Rotator cuff tendinitis

Cross-friction massage (CFM) and joint mobilization manual therapy techniques
both minimize tendon inflammation and achieve better glenohumeral joint mechanics.

Therapy with elastic bands or weights helps patients recover strength and endur-
ance in the supraspinatus, infraspinatus, and teres minor muscles.

6.1.2.2 Adhesive capsulitis

Joint mobilizations together with myofascial release techniques help release
capsular restrictions, which leads to enhanced ROM improvements.

To keep improvements from physical therapy ongoing, patients should combine
stretching exercises like wall climbing with towel stretches together with deltoid and
rotator cuff muscle strengthening exercises.

6.1.3 Clinical considerations

Exercise therapy needs to progress alongside how the patient recovers from their
condition. The recovery process consists of simple ROM exercises for early-phase
therapy, which transitions to advanced dynamic stability and strengthening exercises
[6]. The patient benefits from systematic integration of exercise therapy with manual
therapy methods to reach the maximum outcomes.

Medical practitioners apply ultrasound treatment with heat and cold modalities
and electrical stimulation techniques next to standard manual therapy interventions.
Manual therapy receives additional benefit through physical modalities, which
help healing processes and minimize pain and enhance patient comfort. The applied
modalities produce secondary physiological benefits, which support the mechanical

and neurophysiological approaches of manual therapy.

6.1.4 Ultrasound therapy

The tissue-healing process benefits from ultrasound technology that creates
high-frequency sound waves to improve blood circulation and reduce inflammation
together with collagen stimulation.
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Medical staff can administer ultrasound treatment to rotator cuff tendinitis or
bursitis patients before doing manual therapy to enable better tissue responsivity
for mobilization and manipulation. Scientists demonstrated that ultrasound treat-
ment with manual therapy enhances tendon healing and speeds up patient recovery,
according to Jacob [3].

6.1.5 Heat and cold therapy

The application of heat enhances tissue elastic capabilities and creates relaxation,
which makes it the best option as a pre-treatment tool for manual therapy interven-
tions. People who apply warm packs to stiff shoulder muscles before joint mobiliza-
tions achieve better treatment results because these packs make the tissues easier to
manipulate.

The application of ice packs serves two purposes following aggressive manual
therapy techniques or exercise work to both reduce inflammation and block acute
pain signals.

6.1.6 Electrical stimulation

Transcutaneous electrical nerve stimulation (TENS) employs low-voltage electri-
cal currents which both alter pain transmission pathways and activate substance P
release from the body. TENS therapy teaming up with manual therapy techniques
produces quick pain reduction that enables patients to better accept hand-driven
techniques.

The application of Interferential Current Therapy (IFC) on deep tissues proves
effective for diminishing inflammation and supporting shoulder healing in individu-
als with adhesive capsulitis or post-surgical shoulder stiffness.

6.1.7 Clinical considerations

Modalities operate to boost manual therapy outcomes, yet they should not act
instead of active rehabilitation measures, especially exercise therapy. Modalities serve
their best purpose when they help manual therapy reach its maximum effectiveness
and create better clinical results for patients [7].

7. Psychological support and patient education for holistic recovery

Shoulder injuries result in important psychological effects together with social
impacts through frustration, while patients experience anxiety and fear about poten-
tial new injuries. People need psychological support in combination with education
about their health condition to obtain complete recovery from their issues.

7.1 Psychological support

The development of both fear avoidance behaviors and kinesiophobia leads
patients with chronic shoulder pain to reduce their involvement in rehabilitation
activities. Grade exposure to movements combined with positive reinforcement
using Cognitive-behavioral techniques provides effective solutions to address such
barriers.
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A rehabilitation program achieves better success when patients receive emotional
backing together with achievable targets, as this creates both motivation and adher-
ence. The therapist’s consistent feedback together with their encouragement main-
tains the patient’s dedication to recovery.

7.2 Patient education

The rehabilitation process becomes more effective when patients receive instruc-
tion about their injury’s anatomy, combined with pathology and healing process
information, since this creates active patient involvement. Understanding the pain-
alleviating effects and mobility benefits of manual therapy builds trust between
patient and therapist leading to better patient-therapist cooperation.

The education of self-care, stretching, and strengthening exercises, which
patients learn outside the clinic, helps maintain their continued recovery. By teaching
patients how to position their bodies and construct proper workstations and exercis-
ing caution with their activities, patients will minimize the chances of re-injuring
themselves.

7.3 Holistic benefits

A therapeutic approach that integrates manual therapy with psychological support
along with patient education allows the treatment of physical and emotional aspects
of recovery. Using this integrated approach, patients achieve better short-term
results, yet it strengthens their ability to handle future medical challenges and health
conditions [13].

8. Challenges and limitations of manual therapy

The high effectiveness of shoulder injury management through manual therapy
techniques has important challenges together with specific limitations. Patients
should understand the potential hazards and unfavorable reactions alongside the
exclusion criteria and the mandatory expertise of qualified therapists along with
their ongoing professional learning. It is necessary to comprehend these elements to
achieve secure treatments with successful results.

8.1 Potential risks and complications if not performed correctly

Erroneous application of manual therapy creates specific risks, which inten-
sify previously existing medical problems or produce fresh injuries to the patient.
Furthermore, proper execution of hands-on procedures demands both accurate
delivery of force and sufficient knowledge of tissue safety limits. Not following these
principles may cause various adverse consequences among patients.

8.1.1 Tissue damage

Laboratory tests reveal that aggressive tissue mobilization pressure produces
inflammations while muscle tears and tissue bruises can potentially occur. Aggressive
cross-friction massage application to inflamed tendons causes increased irritation
because it delays healing, according to Schleip [10].
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High-velocity joint maneuvers, when executed improperly, can produce ligament
sprains together with labral tears and increase joint instability, primarily among
people who have hypermobility and pre-existing joint looseness.

8.1.2 Nevve injury

Joint mobilization techniques become unsafe when practitioners use improper
joint positions or apply excessive pressure because this might squeeze or irritate sur-
rounding nerves. Posterior-to-anterior glenohumeral joint moves with unstabilized
position can compress the axillary nerve, causing temporary weaknesses and numb-
ness of the deltoid muscle [11].

8.1.3 Increased pain and inflammation

Excessive manual physical therapy approaches generate inflammatory reactions
that make patients experience enhanced pain sensations and swelling together with
stiffness. Such methods create additional problems for patients experiencing acute
injuries and those recovering from surgery because their tissues already show signs of
damage.

8.1.4 Patient discomfort and anxiety

Lack of effective communication with patients along with failure to gain their con-
sent may trigger concerns about discomfort or uncertainty and distrust. High-velocity
manipulations might trigger patients’ psychological distress about the treatment
method because they can be considered aggressive by patients, which reduces their
commitment to continuing therapy.

8.2 Mitigation strategies

A safe outcome demands that therapists complete patient evaluations before
developing customized treatments, which require continuous assessment of patient
reactions. The protocol uses incremental mobilization techniques together with gentle
manipulation procedures during acute stages to provide safety measures until treat-
ment intervention progression happens [7].

There are specific clinical scenarios where manual therapy treatment proves
inappropriate.

Professional manual healthcare treatments must avoid use or need extensive
change as part of particular clinical circumstances. Public health professionals must
decode these circumstances before proceeding with patient treatment to prevent
either injury or breaches of professional ethics.

8.2.1 Fractures and acute injuries

Manual therapy poses contraindications for performing therapy on patients who
suffer from acute fractures along with dislocations or those presenting severe liga-
mentous injuries, since the healing tissues could become compromised by manipula-
tion or mobilization treatment techniques. Medical research indicates that applying
manual mobilization techniques on a fractured humerus will delay bone union and
potentially produce improper alignment [4].
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8.2.2 Severe osteoporosis

Treatment of patients with severe osteoporosis raises their chances of suffer-
ing pathological fractures because their bones have weakened. The delivery of
normal or below-normal joint force during manual techniques can generate struc-
tural pathologies like compression fractures when treating patients with skeletal
conditions.

8.2.3 Active infections ov inflammatory conditions

The practice of manual therapy needs to be prohibited when a patient shows signs
of active infections, which include septic arthritis (SA) or rheumatoid arthritis (RA)
flares. The practice of touching inflamed or infected joints poses a risk that both
infection spread and exacerbated inflammation could harm the joints [12].

8.2.4 Vascular and neurological conditions

Medical professionals should exercise full caution when treating patients with
vascular insufficiency or deep vein thrombosis (DVT) along with peripheral neuropa-
thy. Moving or applying pressure to areas in the vicinity of affected areas may harm
circulation systems or intensify neurological problems.

8.2.5 Hypermobility and instability

People who experience joint hypermobility along with shoulder instability face
intensified symptoms when receiving aggressive stretching or joint manipulation
treatment. Solid joint performance and stability should be pursued by directing
patients toward therapeutic exercise treatments [6].

8.3 Relative contraindications

The therapy remains an option when adapted to specific situations. Medical staff
can apply gentle mobilization techniques to patients who have mild osteoarthritis
(OA) or post-surgical stiffness through ranges without pain while obtaining prior
patient authorization [11].

Proficient manual therapy deliverers along with ongoing professional expertise
development represent key factors in this field.

A practitioner needs advanced knowledge and skills along with expert-level ability
to successfully perform manual therapy. Manual therapy exists as both a clinical
skill and scientific art, which demands complete mastery of understanding human
anatomy combined with proficiency in hand-based therapeutic methods.

8.3.1 Technical proficiency

Overcoming manual therapy techniques requires training of great duration
and dedicated practice. The practitioner needs to practice feeling tissue altera-
tions alongside applying force with accuracy and making treatment modifications
according to patient feedback. The ability to differentiate between capsular restric-
tions and muscular tightness needs advanced palpation expertise and logical clinical
strategies [13].
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8.3.2 Clinical decision-making (CDM)

There are several prerequisites to efficient manual therapy, which include properly
analyzing assessments with established treatment ambitions to decide the right inter-
ventions. Professionals need critical thinking skills combined with problem-solving
competencies to treat patients who have both rotator cuff tendinitis and scapular
dyskinesis.

8.3.3 Continuous professional development

Continuous progress in manual therapy exists because researchers discover new
techniques and publish fresh research findings at a steady rate. To remain in practice,
practitioners need to dedicate themselves to ongoing learning activities which help
them keep knowledge about evidence-based treatment approaches. Professional
competence relies on three key elements, which include attendance at workshops
and completion of advanced certifications like Orthopedic Manual Physical Therapy
together with participation in peer discussions as described in Grieve’s Modern
Musculoskeletal Physiotherapy [7].

8.3.4 Ethical responsibility

Healthcare practitioners should recognize what they cannot treat optimally so they
can properly refer patients to specialist teams. Therapists who suspect a labral tear or
complex adhesive capsulitis must work with orthopedic surgeons or sports medicine
physicians to deliver full care to patients.

8.4 Impact on patient outcomes

Patients achieve better results from practitioners who dedicate themselves to con-
stant knowledge improvement and follow modern evidence-based guidance instead
of depending only on unscientific beliefs. After receiving training in advanced
manual therapy, therapists demonstrate better patient outcomes by achieving greater
satisfaction while patients heal more quickly [1].

9. Future directions in manual therapy for shoulder injuries

The discipline of manual therapy adjusts because of emerging technological
discoveries and research findings alongside a growing priority of evidence-based
practice. The modern developments in practice guide medical practitioners to handle
shoulder injuries in ways that deliver superior treatment quality while amplifying
patient participation throughout the recovery process. The evaluation discusses con-
temporary trends in manual therapy methods and technological developments of VR
and robotics platforms, further using evidence-based practice to develop advanced
treatment methods.

9.1 Emerging trends and innovations in manual therapy techniques

Manual therapy now experiences a transition toward specialized methods that
utilize contemporary biomechanical insulation besides neurophysiological and tissue
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scientific advancements. The innovations attempt to enhance treatment accuracy
together with variation reduction to produce optimal patient results.

9.1.1 Targeted soft tissue interventions

Real-time soft tissue structure observation through ultrasound and elastography
tools gives therapists opportunities to check patient tissue structures. Medical pro-
fessionals can identify tendon tears and fascial restrictions correctly through this
method to apply targeted, specific rehabilitation techniques [10].

9.1.2 Neuromodulatory techniques

Research on manual therapy neurophysiology allowed scientists to produce neu-
romodulatory approaches and proprioception enhancement methods. Neurodynamic
mobilizations represent a novel therapeutic approach that focuses on advancing nerve
mobility while lowering neural tension, especially when treating conditions with
radicular symptoms or nerve entrapment [8].

9.1.3 Hybrid techniques

Healthcare providers now adopt success by using traditional manual procedures
along with additional treatment techniques, including dry needling, along with
instrument-assisted soft tissue mobilization (IASTM). The utilization of combined
methods in treatment takes advantage of various intervention benefits to treat
intricate symptoms. The combination of joint mobilizations with IASTM techniques
leads to faster patient recovery when treating individuals with adhesive capsulitis,
according to research by Fernandes [12].

9.1.4 Patient-Centered customization

Manual therapy has adopted personalized medicine methods to create treatment
approaches that respect individual patient features such as physical abilities and
health conditions along with age groups. Treatment methods under this approach
provide long-term sustainability in addition to their established effectiveness.

9.2 Widespread research evaluates technology integration in manual therapy
practice

Modern manual therapy has experienced a revolutionary advancement through
technological integration because this development delivers improved accuracy
together with patient-specific adaptive practices that extend across large patient
groups. New technologies including virtual reality systems together with robotic
devices and wearable technology are examined because of their ability to boost
rehabilitation success and recovery.

9.2.1 Virtual veality (VR)

The virtual reality technology creates virtual environments, which duplicate
actual physical activities to make rehabilitation exercises more interesting and com-
pelling for patients. The virtual reality system takes patients through shoulder range
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of motion exercises by providing real-time feedback about their exercise execution
[14]. The therapy enables distant monitoring by therapists as well as improves patient
adherence while simultaneously supporting tele-rehabilitation standards.

9.2.2 Robotics-assisted therapy (RAT)

The use of robotic devices continues to increase for helping with joint mobilizations
and strengthening of muscles during physical therapy. The devices provide accurate
force control and speed management and directional control, which lead to precise
interventions with identical results throughout. The RAT approach demonstrates
success in glenohumeral joint mechanics improvement for frozen shoulder patients
as demonstrated through findings comparable to manual therapy techniques [15].
Mathematical technology demonstrates useful applications in post-surgical recovery
processes by enabling precise delivery of healing-inducing stress requirements.

9.2.3 Wearable sensors and biofeedback

Maximum movement patterns and ROM together with muscle activation data
become measurable through sensors which integrate accelerometers and gyroscopes
in wearable devices. The obtained data allows therapists to improve their manual
therapy methods while helping monitor patient advancements through time. Patients
receive warnings from biofeedback systems that trigger when their scapular stabiliza-
tion exercises deviate from proper movement guidelines, thereby improving neuro-
muscular control, according to the work of Brady et al. [1].

9.2.4 Telehealth platforms

Telehealth programs now extend manual therapy support to people located in
underserved locations and remote settings. Patients can conduct self-mobilization
exercises with guidance from therapists through video consultations combined with
digital tools in spite of the limited replication of hands-on techniques remotely. The
combined healthcare approach brings both ongoing patient care support and technol-
ogy-driven overcoming of distance limitations.

9.3 Importance of evidence-based practice in advancing treatment protocols

Evidence-based practice (EBP) functions as the fundamental principle that
advances manual therapy since its interventions must derive from scientifically
proven and clinically applicable sources. EBP keeps its essential position in health-
care development by validating new techniques while optimizing current treatment
procedures with the goal of solving existing problems in medical understanding.

9.3.1 Systematic reviews and meta-analyses

Systematic reviews combined with meta-analyses supply thorough evaluations
about how manual therapy works in treating rotator cuff tendinitis alongside adhesive
capsulitis and other particular conditions. Research studies enable practitioners to
determine effective care methods while showing exactly where extra evaluation is
needed [1]. Recent meta-analyses reinforce manual therapy treatment together with
exercise therapy by validating its position as an established clinical practice.
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9.3.2 Randomized controlled trials (RCTs)

Randomized controlled trials serve as the primary method to determine new
treatment effectiveness as well as their level of superiority against existing procedures.
Ongoing research involving robotic shoulder rehabilitation protocols against tradi-
tional manual therapy in post-surgical care delivers positive preliminary findings [15].

9.3.3 Clinical guidelines and protocols

APTA together with other professional bodies produces continuous updates of
clinical guidelines through evidence-based analysis. Use of these guidelines helps
practitioners follow current best practices because they provide standards for treat-
ment protocols [9].

9.3.4 Interdisciplinary collaboration

Clinical advancement of manual therapy demands integrated efforts between
medical personnel including practitioners and researchers together with techni-
cians and engineers. Multiple fields collaborating gives the discipline the capacity to
combine different proficiencies which enables the creation of new solutions for unmet
requirements. According to Banyai, physical therapists who work with biomedical
engineers created state-of-the-art robotic devices for joint mobilizations [15].

9.3.5 Patient-Centered outcomes vesearch

Research initiatives should direct their focus toward assessing outcomes which
matter to patients through measures such as quality of life together with functional
independence and return to their desired activities including work and sports.
Elaborating the full impact manual therapy possesses on patients’ lives will provide
validation that interventions have both effective results and meaningful meaning.

10. Conclusions

The management of shoulder injuries depends strongly on manual therapy, which
serves as an adaptable, evidence-based approach to handle pain and improve both
functional results and restore mobility. Manual therapy techniques, which include
soft tissue mobilization, provide extensive benefits because they address multiple
impairments of shoulder pathologies while giving quick pain relief that extends
beyond short-term treatment. The fundamental value of manual therapy appears
in its ability to connect naturally with exercise protocols and physical medicine
approaches and psychological elements for designing complete rehabilitation plans.

When patients accept manual therapy within their entire treatment approach, their
healing process speeds up and their quality of life enhances, alongside a reduced suscep-
tibility to re-injury. Therapeutic excellence requires therapists to both acquire hands-on
capabilities and monitor modern treatment trends, which leads to the provision of
advanced clinical standards. Manual therapy presents multiple difficulties because it
requires experts and precise contraindication evaluation as well as constant professional
education. Evidence-based practice and interdisciplinary approaches prove essential in
establishing new treatment standards because of these identified factors.
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Managed development in rehabilitation requires ongoing research together with
training to reach the complete potential of manual therapy practices. Advanced
treatment approaches can emerge through studies about technology applications and
enhanced manual therapy methods and neurophysiological mechanisms in order to cre-
ate more effective medical care methods. Establishing a setting that embraces original
thinking will maintain manual therapy as an essential part of musculoskeletal health-
care, thus enabling patients and practitioners to reach their most effective results.

Manual therapy stands as a vital therapeutic method to treat shoulder injuries
because it connects established medical practices with innovative healthcare develop-
ments. Shoulder dysfunction treatment requires sustained collaborative support for
education and research investment to help people with shoulder dysfunction prob-
lems. Through collective efforts, we will redefine rehabilitation boundaries to restore
hope, function, and resilience in people all across the world.
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Superior Capsular Reconstruction
Using Autologous Long Head of the
Biceps Tendon: A Cost-Effective
and Biomechanically Reliable
Option for Managing Massive
Rotator Cuff Tears

Kyun-Ho Shin, Seung-Beom Han and Il-Tae Jang

Abstract

Large-to-massive rotator cuff tears (LMRCTs) represent one of the most challeng-
ing conditions in shoulder surgery, with conventional arthroscopic repair techniques
demonstrating consistently high failure rates. Superior capsular reconstruction (SCR)
has emerged as a promising joint-preserving technique for LMRCTs, but traditional
grafts—such as fascia lata autografts and dermal allografts—are associated with
increased costs and donor site morbidity. The long head of the biceps tendon (LHBT)
has recently gained attention as an autologous graft option for SCR. It is readily
available within the operative field, eliminating the need for additional incisions,
graft preparation, or allograft use. This chapter examines SCR using the autologous
LHBT (LHBT-SCR) as an alternative approach for managing irreparable LMRCTs
and reviews biomechanical studies, surgical technique, and clinical outcomes.
Biomechanical studies demonstrate that LHBT-SCR provides greater resistance to
humeral head migration and restores superior shoulder stability. Early clinical evi-
dence supports its effectiveness, with improved range of motion, reduced retear rates,
and high patient satisfaction. When used as a pedicled graft with preserved glenoid
attachment, the LHBT maintains its native vascularity, potentially enhancing graft
viability and healing. This technique is compatible with standard arthroscopic portals
and instruments. Proper patient selection is essential, with emphasis on biceps tendon
quality and subscapularis integrity. LHBT-SCR offers a cost-effective, biologically
sound alternative to conventional SCR.

Keywords: arthroscopy, rotator cuff injuries, joint-preserving surgery, superior
capsular reconstruction, biceps brachii
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1. Introduction

Large-to-massive rotator cuff tears (LMRCTSs) are among the most challeng-
ing conditions encountered in shoulder surgery [1-5]. These tears, often involving
multiple tendons and characterized by tendon retraction, muscle atrophy, and fatty
infiltration, present substantial obstacles to traditional repair techniques [1, 2, 4,

6, 7]. The underlying pathophysiology includes both mechanical disruption at the
tendon-bone interface and progressive biological degeneration, including altered joint
kinematics and muscular atrophy [4, 8, 9].

Retrospective studies have consistently reported high failure rates following
arthroscopic repair of LMRCTs. Galatz et al. observed a 94% retear rate at 2 years
following complete arthroscopic repair of massive tears, while Boileau et al. reported
that only 71% of supraspinatus repairs achieved tendon healing [6, 7]. Despite
advances in arthroscopic technique, reported structural failure rates continue to range
from 30% to 94%, largely dependent on tear chronicity, tissue quality, and patient-
related factors [1, 2].

In relatively younger or physiologically active patients with preserved glenohu-
meral joint space and functional range of motion, joint preservation becomes the
preferred strategy [3, 5, 10]. These patients often do not yet meet criteria for arthro-
plasty but suffer from pain and loss of function due to irreparable defects [3, 5, 10].

While reverse total shoulder arthroplasty (RTSA) is an accepted salvage procedure
in elderly patients, its application in younger individuals is limited by its complication
profile, finite implant longevity, and irreversible alteration of native biomechanics [3,
5, 10-14]. RTSA also precludes future biological reconstruction, making it a less favor-
able option in patients who wish to preserve native shoulder anatomy [3, 5, 10-14].

Given these limitations, the development of joint-preserving biological recon-
struction techniques has gained increasing attention. These include partial repair,
tendon transfers, and patch augmentation. Among these, superior capsular recon-
struction (SCR) has emerged as a promising strategy to restore superior stability and
preserve shoulder kinematics in patients with irreparable posterosuperior rotator cuff
tears (RCTs) [15, 16]. However, conventional SCR techniques often involve the use of
autologous fascia lata or dermal allografts, which are associated with increased cost,
donor site morbidity, or variable graft integration [17-23].

More recently, the autologous long head of the biceps tendon (LHBT) has been
proposed as an alternative graft source for SCR. Easily accessible during standard
shoulder arthroscopy, LHBT eliminates the need for separate graft harvest or costly
allograft materials, and biomechanical studies have demonstrated its ability to restore
superior glenohumeral stability [24-26].

This chapter aims to provide a comprehensive overview of SCR using the autolo-
gous LHBT, referred to hereafter as LHBT-SCR. It will examine the biomechanical
rationale, surgical technique, patient selection criteria, clinical outcomes, and
remaining challenges associated with this technique, and position it as a viable joint-
preserving option for managing irreparable LMRCTs.

2. Joint-preserving surgical options

Several joint-preserving surgical options exist for managing irreparable LMRCTs,
each with distinct advantages and limitations depending on the specific tear pattern,
patient characteristics, and surgeon preference.
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Partial repair focuses on restoring the anterior-posterior force couple by repair-
ing the intact portions of the rotator cuff, even when a complete repair is not pos-
sible. This technique, pioneered by Burkhart and colleagues, aims to improve joint
mechanics and function rather than achieve complete anatomical restoration [1, 2].
The partial repair typically involves margin convergence techniques, where the edges
of the tear are brought together to reduce tension at the repair site [1, 2]. While this
approach can improve pain and function in approximately 65-80% of cases, long-
term outcomes may be limited by progressive tear extension and continued superior
migration of the humeral head [1, 2, 27-29].

Tendon transfer procedures offer another joint-preserving solution, particularly
for irreparable posterosuperior tears, by redirecting functional muscle-tendon units
to substitute for deficient rotator cuff components. The latissimus dorsi transfer, one
of the most widely used techniques, reroutes the latissimus tendon to compensate for
the lost function of the infraspinatus and teres minor, especially in younger patients
experiencing external rotation weakness [30-32]. The pectoralis major transfer is gen-
erally indicated for anterosuperior tears associated with subscapularis insufficiency
[33, 34]. More recently, the lower trapezius transfer has been utilized to address
posterosuperior defects and has shown encouraging results in restoring external
rotation [35]. Despite their functional benefits, tendon transfers involve technically
demanding procedures, require prolonged rehabilitation, and may be associated with
donor site morbidity. Furthermore, surgical success is highly dependent on appropri-
ate patient selection and meticulous technique [3, 5, 10].

Patch augmentation and spacer devices represent additional joint-preserving
options, particularly useful for bridging large defects or reinforcing partial repairs.
Dermal allografts provide a biologic scaffold for tissue ingrowth while offering
immediate mechanical support [36, 37]. Xenografts, commonly derived from porcine
or bovine tissues, serve a similar purpose but have raised concerns due to higher
retear rates and potential immunologic reactions [38]. Synthetic patches, composed
of durable polymeric materials, are engineered to offer long-term mechanical stabil-
ity but may provoke inflammatory responses in some cases [39]. As an alternative,
subacromial balloon spacers have been introduced as a minimally invasive method
for reducing superior humeral head migration and decreasing subacromial friction.
In a recent study, Gomes et al. also reported promising short-term outcomes for
subacromial resurfacing using fascia lata autograft as another solution for irreparable
tears [40]. However, the long-term durability, cost-effectiveness, and biological
compatibility of both patches and spacers remain subjects of ongoing debate and
investigation.

2.1SCR

SCR has emerged as a promising technique for irreparable LMRCTs. This pro-
cedure reconstructs the superior capsule of the glenohumeral joint using a graft
(autograft or allograft) attached medially to the superior glenoid and laterally to the
greater tuberosity. This reconstructed structure helps prevent superior migration of
the humeral head and restores shoulder biomechanics [15, 16]. The detailed technique
and specific evidence will be discussed extensively in subsequent sections.

2.2 Summary of joint-preserving options

See Table 1.
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Technique Advantages Disadvantages Ideal candidates

Partial repair Technically familiar High retear rate Partially reparable tears

Preserves remaining Limited long-term Preserved anterior-

tissue outcomes posterior balance
* Lessinvasive * May not prevent * Minimal superior
superior migration migration
Tendon ¢ Addresses muscle * Technical complexity * Young, active patients
transfer deficiency * Donor site morbidity * Specific functional
' fan rfestore active * Extended rehabilitation deficits
unction * Good quality recipient
¢ Potential durable results tissue
Patch * Reinforces weak tissue * Cost * Younger patients
augmentation * Provides scaffold for * Variable integration * Cuff tendon deficiency
healing * Potential inflammatory * Good bone quality
* Addresses gap in tissue response
Balloon spacer * Minimally invasive » Temporary solution * Elderly patients
* Quick recovery * Limited long-term data * Temporary pain relief
* Reversible * May deflate/dislocate needed
* Poor candidates for
larger procedures
SCR * Biomechanically *» Cost * Irreparable superior
(allograft) favorable « Technical demands tears
* Preserves future options « Variable tissue * Minimal arthritis
* Addresses superior integration * Good remaining cuff
instability function
Table1.

Joint-preserving surgical options for the management of large-to-massive rotator cuff tears.

3. SCR: Concept and evidence
3.1 Historical development

The concept of SCR was first introduced by Teruhisa Mihata and colleagues in
the early 2010s [15, 16]. In a series of biomechanical cadaveric studies published in
2012, Mihata et al. demonstrated that reconstruction of the superior capsule could
effectively restore superior stability in shoulders with irreparable LMRCTs [15]. This
groundbreaking work redefined the functional anatomy of the shoulder by emphasiz-
ing the superior capsule’s crucial role in limiting superior translation of the humeral
head—a stabilizing function that had previously been attributed almost exclusively to
the rotator cuff tendons [15].

In a subsequent clinical study published in 2013, Mihata and colleagues reported
promising early outcomes using autologous fascia lata grafts for SCR [16]. Their
surgical technique involved harvesting a thick fascia lata graft, typically 6 to 8 mm
in thickness, and securing it from the superior glenoid to the greater tuberosity.

This construct functioned as a static restraint against the superior migration of the
humeral head. Clinically, patients demonstrated marked improvements in forward
elevation (from 84° to 148°) and external rotation (from 26° to 40°), along with
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substantial gains in American Shoulder and Elbow Surgeons (ASES) scores (from 23.5
t0 92.9), indicating both symptomatic relief and functional restoration.

3.2 Biomechanical rationale

The biomechanical principles underpinning SCR are multifactorial [15, 41,
42]. First, the reconstructed capsule serves as a static restraint against superior
humeral head migration, re-establishing central joint stability and restoring
glenohumeral alignment [15, 41, 42]. Second, by restoring this central stability,
SCR facilitates the preservation of the anterior-posterior force couple—spe-
cifically, the coordinated function of the subscapularis anteriorly and the
infraspinatus and teres minor posteriorly. This restored balance allows for more
effective muscle activation during shoulder movement [15, 41, 42]. Third, the
procedure enhances deltoid efficiency. This central stabilization restores the
deltoid’s mechanical advantage by optimizing its length-tension relationship,
thereby improving its mechanical advantage in generating arm elevation [15, 41,
42]. While SCR functions as a passive stabilizer, it does not constrain dynamic
shoulder motion. Glenohumeral mechanics remain physiologic, supporting
coordinated arm elevation and rotation. Multiple cadaveric studies confirm that
a properly executed SCR closely replicates the kinematics of an intact shoulder,
supporting its biomechanical validity [15, 41, 42].

3.3 Graft options

Multiple graft materials have been investigated for use in SCR, each offering
distinct biomechanical and biological profiles. Fascia lata autografts, originally
described by Mihata, are typically 6 to 8 mm in thickness and provide excellent
tensile strength and biological incorporation. However, they necessitate an additional
harvest site, potentially increasing operative time and donor site morbidity [15, 17].
Human dermal allografts, such as ArthroFlex, offer substantial thickness (usually 2
to 4 mm) and eliminate the need for autograft harvest. These grafts are convenient
and reduce surgical trauma, but they are associated with higher costs, and questions
remain regarding their long-term integration and remodeling [18-23]. More recently,
the LHBT has emerged as a promising alternative. Readily available within the surgi-
cal field, the LHBT can be used without additional incisions or graft preparation,
offering advantages in terms of cost-effectiveness and surgical efficiency [24-26, 43].
Finally, synthetic grafts have also been explored as an alternative option in SCR. These
materials are associated with a risk of foreign-body reactions and exhibit inconsistent
rates of biological integration. To enhance both mechanical strength and biological
incorporation, synthetic patches are often combined with fascia lata autografts in a
layered or hybrid configuration [44, 45].

3.4 Clinical outcomes of SCR using fascia lata or dermal allografts

SCR using fascia lata or dermal allografts has shown generally favorable outcomes
in irreparable posterosuperior RCTs, though results are influenced by graft type,
surgical technique, and patient factors. Mihata et al. reported dramatic improve-
ments with fascia lata autografts, including increases in ASES scores from 23.5 to
92.9 and forward elevation from 84° to 148°. MRI confirmed intact grafts in 83% of
patients, correlating with better outcomes [16]. In a comparative study, Takayama

135



Shoulder Injuries and Treatment

and Ito found that elderly patients treated with Teflon grafts achieved forward eleva-
tion of 151°, comparable to 164° in the TFL group, with nearly identical pain scores
(NRS 1.0 vs. 0.9) and acromiohumeral distances (8.3 vs. 7.5 mm) [23]. Lacheta et al.
evaluated dermal allograft SCR in 22 patients and reported improvement in ASES
scores from 54.0 to 83.9, along with a reduction in VAS pain scores from 4 to 0 [21].
Radiographically, the acromiohumeral distance increased from 7.0 to 8.3 mm, and
graft integrity on MRI exceeded 75% across evaluated sites. Interestingly, clinical
outcomes did not show a strong correlation with graft integrity status [21]. Burkhart
et al. followed 41 patients for 34 months, reporting ASES score gains from 52 to 90
and sustained improvements in external rotation (+11°). Graft healing was seen in
85%, though 19% failed to reach the minimal clinically important difference in ASES
score, and 5% required revision [20, 22]. In contrast, Woodmass et al. reported lim-
ited benefit in a high-risk cohort, with 22 early failures among 34 patients. Failure was
particularly common in revision cases, patients with subscapularis tears, high infra-
spinatus fatty infiltration, female sex, and those treated by low-volume surgeons [19].
Pennington et al. reported significant improvements in range of motion and strength
in 86 patients treated with dermal allograft SCR [18]. ASES scores increased from 52
to 82, forward flexion improved from 120° to 160°, and abduction from 103° to 159°.
Radiographic evaluation showed an increase in the acromiohumeral interval from 7.1
to 9.7 mm, and 90% of patients reported overall satisfaction with the outcome [18].

In summary, SCR provides reliable structural and functional improvement in selected
patients, with fascia lata offering the most consistent results. Dermal allografts
remain a widely used alternative but demonstrate greater variability, particularly in
complex or revision cases.

4. Rationale for using the LHBT in SCR
4.1 Rationale

The LHBT offers several compelling advantages as a graft choice for use in SCR,
distinguishing it from both other autografts and allografts [24-26, 43]. Its appeal lies
in surgical efficiency—repurposing tissue already present in the operative field to
address multiple pathologies simultaneously [24-26, 43].

First, using the LHBT as an autograft eliminates the need for separate donor site
harvest [24-26, 43]. Unlike fascia lata grafts requiring a thigh incision, with added
pain and scarring, the LHBT can be accessed directly through the same standard
shoulder portal used during arthroscopic evaluation [24-26, 43]. For the operating
surgeon, this intraoperative accessibility eliminates the need for graft preparation
outside the operative field, significantly reducing surgical time and technical com-
plexity [24-26, 43].

Economically, LHBT autografts are significantly more cost-effective than com-
mercial dermal allografts. In a matched cohort study of 132 patients, the use of a
dermal patch increased total surgical costs by $4930 (P < .001), even after adjusting
for surgical and clinical variables [46]. These added expenses are often not fully
reimbursed by insurers. In contrast, the LHBT involves no additional material cost,
making it particularly attractive in resource-limited healthcare systems [46].

The technique is especially valuable in patients with biceps pathology, which
is found in 80-92% of LMRCTs [47]. Rather than performing a separate biceps
tenodesis or tenotomy for symptomatic biceps pathology, the LHBT-SCR technique
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simultaneously addresses both the rotator cuff deficiency and the biceps lesion—
effectively transforming what would otherwise be discarded as a “waste product” into
a structurally valuable reconstruction graft [24-26, 43].

As autologous tissue, the LHBT avoids risks of inflammatory reaction, infection,
and disease transmission associated with allografts. It is already biologically adapted to
the patient, which may support more reliable graft healing [24-26, 43]. Additionally,
when the LHBT is left attached at the glenoid origin, it functions as a pedicled graft
with preserved vascular supply [24-26, 43]. This vascularity may enhance biologic
incorporation and long-term viability compared to avascular grafts [24-26, 43].

4.2 Biomechanical evidence

Biomechanical research has offered important insights into the structural and
functional characteristics of the LHBT autografts in comparison to other graft materi-
als commonly used in SCR, particularly regarding load-bearing capacity, stability,
and the ability to restore native shoulder biomechanics [24, 48].

In a cadaveric study under static loading conditions, El-Shaar et al. evaluated
the performance of the LHBT-SCR against reconstructions using tensor fascia lata
(TFL) grafts in specimens with superior capsule deficiency [24]. The LHBT construct
required approximately 393% of the force needed to produce superior humeral head
translation compared to the deficient state, whereas the TFL graft required about
194%, indicating markedly greater resistance to superior migration. While this
finding highlights the potential of the LHBT as a superior stabilizer, the use of static
cadaveric testing limits its direct clinical applicability.

Supporting these results, Han et al. examined an SCR technique that preserved
the LHBT in situ, maintaining its native glenoid attachment while securing the distal
tendon to the greater tuberosity [48]. By retaining the tendon’s vascular and neural
elements, their cadaveric model demonstrated reduced subacromial contact pressures
and re-established glenohumeral stability, while preserving physiologic joint motion
[48]. However, these biomechanical results were derived from non-cyclic loading
scenarios and may not fully replicate the demands of a physiologically active shoulder.

While these cadaveric biomechanical studies highlight the potential of the LHBT
graft, their translation into clinical durability remains contingent upon patient-
specific biological and mechanical factors [24, 48]. Further investigation in dynamic,
physiologically loaded models and longer-term clinical follow-up studies is necessary
to confirm their real-world effectiveness. A potential limitation of this method lies in
the relatively limited width and surface area of the LHBT, which may be insufficient
for covering extensive capsular defects. Nevertheless, technical adaptations such
as tendon spreading or reinforcement using residual rotator cuff tissue have been
proposed to mitigate this constraint [24-26, 48].

4.3 Clinical evidence specific to the LHBT-SCR

While conventional SCR techniques have a more established clinical track record,
the application of the LHBT as a graft in SCR is a relatively recent approach with
emerging evidence supporting its efficacy. The studies summarized below focus spe-
cifically on the LHBT-SCR, highlighting its unique clinical outcomes apart from those
seen with other graft materials. Chiang et al. reported a graft failure rate of 5.6% at
1 year postoperatively following LHBT-SCR. Notably, even in cases of graft failure,
patients demonstrated acceptable clinical outcomes without major symptomatic
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complaints [49]. Rhee et al. emphasized the importance of the LHBT quality and tear
extent in predicting outcomes [25]. When the LHBT with partial tearing involving
more than 50% of the tendon was used, the postoperative retear rate of the rotator
cuff reached 35.7%, underscoring the need for careful intraoperative evaluation of
graft integrity [25].

Barth et al. conducted a comparative analysis involving 82 patients with massive
posterosuperior RCTs who underwent one of three procedures: SCR using the LHBT
(n = 24), double-row repair (n = 28), or transosseous-equivalent repair with patch
augmentation (n = 30) [50]. At 24 months, patients with healed grafts in the LHBT-
SCR group showed superior improvements in shoulder strength and also scored
higher on clinical outcome scales, including Constant, ASES, SST, SSV, and VAS,
compared to those with structural failure [50].

Llinds et al. evaluated 106 patients with a minimum of 2 years of follow-up, com-
paring conventional arthroscopic repair (AR; n = 50) to LHBT-SCR (n = 56) [51]. The
LHBT-SCR group demonstrated a significantly lower retear rate (14.3%) compared
to the AR group (46%) [51]. Additionally, the LHBT-SCR group had better clinical
outcomes, with higher ASES scores (77.2 + 7.5 vs. 71.0 + 9.3), lower VAS pain scores
(1.64 £ 1.03 vs. 2.12 + 1.06), and improved active forward elevation (155° vs. 150°)
and abduction (150° vs. 120°) [51].

Additionally, Kawashima et al. followed 22 patients for at least 2 years, compar-
ing outcomes between LHBT-SCR (n = 12) and arthroscopic partial repair (APR;

n = 10) [52]. Although the LHBT group showed greater improvement in forward
flexion (160° vs. 134°), ASES (89.3 vs. 83.4), and UCLA scores (32.5 vs. 29.8), these
differences did not reach statistical significance [52]. However, the acromiohumeral
interval was significantly greater in the LHBT group (7.5 vs. 5.8 mm), indicating
improved superior joint stability [52]. Retear rates were also lower in the LHBT group
(42%) compared to the APR group (80%) [52]. Furthermore, a higher proportion of
patients in the LHBT group achieved clinically meaningful improvements, including
minimal clinically important difference (MCID), substantial clinical benefit, and
patient-acceptable symptomatic state [52]. Specifically, 83% of patients reached the
MCID for ASES scores, and all patients achieved MCID in UCLA scores [52].

A recent meta-analysis by Shin et al. systematically reviewed outcomes from six
comparative studies involving 456 patients with LMRCTs, of whom 210 underwent
LHBT-SCR and 246 received conventional RCR [43]. The pooled results demonstrated
that LHBT-SCR significantly reduced the retear rate (OR = 0.21) and yielded greater
improvements in forward flexion (SMD 0.32) and acromiohumeral interval (SMD
0.61), compared to conventional repair techniques [43]. Although no significant dif-
ferences were observed in postoperative ASES, Constant, or UCLA scores, the authors
concluded that LHBT-SCR offers a safe and effective option for LMRCTs, with added
benefits in tendon integrity and superior joint stability [43].

While most studies report favorable outcomes with LHBT-SCR, the variability
in study design—including retrospective vs. prospective methodology, sample size,
follow-up duration, and definition of graft integrity—limits direct comparabil-
ity. Moreover, subgroup differences based on surgical technique (e.g., single- vs.
double-row repair), tendon quality (e.g., intact vs. degenerative LHBT), and fixation
methods may significantly influence outcomes. Therefore, these encouraging early
results should be interpreted with caution. The clinical efficacy of LHBT-SCR remains
promising but must be tested across broader populations and surgical settings. Future
prospective trials should prioritize stratifying outcomes by tendon integrity, tear con-
figuration, and subscapularis status, all of which appear to influence graft behavior.
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5. Surgical technique: Step-by-step approach to LHBT-SCR

LHBT-SCR combines elements of standard arthroscopic rotator cuff repair
techniques with specialized steps for biceps harvest and utilization. The following
describes a systematic approach to the procedure.
5.1 Patient selection

5.1.1 Primary indications

The fundamental prerequisite for considering LHBT-SCR is the presence of an
irreparable LMRCT. Irreparability is typically defined by:

* Tendon retraction to the glenoid level (Patte grade 3)

* Significant muscle atrophy (Goutallier grade 3-4 fatty infiltration)

* Static superior migration of the humeral head

* Failed previous repair attempts

The procedure is particularly well-suited for younger and middle-aged patients
(typically under 70 years) who wish to maintain native joint anatomy and preserve
future treatment options. Critically, LHBT-SCR requires the presence of a viable
LHBT with good tissue quality.
5.1.2 Contraindications

Several conditions represent relative or absolute contraindications to LHBT-SCR:
5.1.2.1 Absolute contraindications

» Complete absence or rupture of the LHBT

* Severe degenerative changes to the LHBT (marked thinning or calcification)

* Advanced glenohumeral arthritis (Hamada stage 3 or higher)

* Significant superior glenoid bone loss

* Irreparable subscapularis tears (completely destabilized force couples)
5.1.2.2 Relative contraindications

* Advanced age (>75 years) with low functional demands

* Pseudoparalysis with passive elevation <90°

* Significant medical comorbidities limiting rehabilitation potential
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* Low rehabilitation compliance
* Severe osteoporosis limiting anchor fixation potential
5.2 Surgical procedure

An overview of the key surgical steps is illustrated in Figure 1, which summarizes
the technical workflow of LHBT-SCR, from arthroscopic evaluation to tendon fixa-
tion and rotator cuff reinforcement.

5.2.1 Patient positioning and portal setup

The procedure is carried out with the patient in either the lateral decubitus or
beach chair position, depending on surgeon preference and patient characteris-
tics. Arthroscopic access is achieved using standard portals for rotator cuff repair:
Standard posterior portal, Posterolateral viewing portal, Anterior portal through the
rotator interval, and Lateral working portal for tuberosity preparation and anchor
placement. No additional or specialized portals are required for this technique,
making it readily adaptable for surgeons familiar with standard arthroscopic shoulder
procedures.

5.2.2 Intra-articular evaluation and LHBT assessment

A thorough diagnostic arthroscopy must be performed at the outset. This critical
step involves evaluation of all intra-articular pathology, including synovitis, labral
lesions, and chondral damage. The subscapularis tendon must be carefully inspected,
as any repairable tears should be addressed either intra-articularly or in the subacro-
mial space before proceeding with the reconstruction. Special attention to LHBT is
critical, as its integrity determines the feasibility of the entire procedure. Tendons
with less than 50% partial tearing may still be suitable, whereas more extensive tear-
ing or anchor, particularly in the setting of non-Type II SLAP pathology, warrants the
use of alternative graft materials. This comprehensive evaluation allows the surgeon
to make a final determination regarding proceeding with LHBT-SCR versus alterna-
tive procedures. These assessments, in conjunction with preoperative imaging, help
determine whether to proceed with LHBT-SCR or opt for a different reconstructive
approach.

5.2.3 Mobilization of the LHBT

Once the tendon is deemed suitable, it is mobilized by releasing the transverse
humeral ligament along the bicipital groove and debriding the tendon back to healthy
tissue, removing any frayed or degenerated segments. It is essential to confirm that it
glides freely over the greater tuberosity, ensuring sufficient mobility for subsequent
rerouting and fixation (Figure 1A).

5.2.4 Preparation of a neo-groove

A defining technical step in this procedure involves selecting an optimal site on
the lateral aspect of the greater tuberosity and creating a shallow “neo-groove” using
a burr. This groove serves as the seating channel for the rerouted LHBT. Care must
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Figure 1.

Stegpwise schematic of arthroscopic LHBT-SCR. This diagram illustvates the sequential technical steps in LHBT-
SCR: (A) mobilization of the LHBT by releasing the transverse humeral ligament along the bicipital groove;
(B) preparation of a neo-groove on the greater tubevosity; (C) anchor-based onlay fixation of the LHBT with
appropriate tensioning; (D) medially based rotator cuff reinforcement over the graft; and (E) final construct
shown from both subacromial and intra-articular views. Abbreviation: LHBT, long head of the biceps tendon;
LHBT-SCR, superior capsular veconstruction using the autologous long head of the biceps tendon.
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be taken not to over-deepen the groove, as this may compromise bone strength and
increase the risk of anchor pullout or inadequate fixation. The groove should be just
deep enough to stabilize the tendon securely while preserving the structural integrity
of the surrounding bone (Figure 1B).

5.2.5 Fixation and verouting of LHBT

Fixation of LHBT is the central step of the SCR procedure. A suture anchor is
inserted at the lateral edge of the neo-groove, and the tendon is secured using an onlay
tenodesis technique, comparable to those commonly used in subpectoral biceps teno-
desis. The arm should be positioned in approximately 30° to 45° of abduction during
fixation to replicate the physiological tensioning typically applied in SCR. Tension must
be optimized—tight enough to prevent tendon sagging, while allowing unrestricted
passive shoulder range of motion. Although medial fixation of the tendon is techni-
cally possible, it is generally avoided due to concerns regarding vascular compromise.
Excessive compression at the medial aspect may restrict blood flow to the tendon,
impairing graft viability and healing. Instead, medial stabilization is achieved by
approximating the remaining rotator cuff tissue over the rerouted LHBT, allowing the
native cuff to function as a biological retainer without risking ischemia (Figure 1C).

5.2.6 Repair of the vemaining votator cuff

After fixation of LHBT, attention is directed to the remaining rotator cuff tissue.
In most cases, a medially based single-row repair is preferred due to its lower tension
profile; however, this may be tailored depending on the remaining tendon quality and
mobility. Suture anchors are placed anterior and posterior to the rerouted LHBT along
the medial footprint of the greater tuberosity. Sutures are then passed through the
residual supraspinatus and infraspinatus tendons, followed by knot tying to complete
a single-row construct. This configuration allows the repaired cuff to compress the
LHBT against the greater tuberosity, thereby enhancing graft stability and promoting
biologic healing. The biomechanical benefits of this approach include a substantial
reduction in repair-site tension and the creation of a biologically favorable compres-
sion mechanism that stabilizes the LHBT graft (Figure 1D and E) Additional proce-
dures may be performed based on intraoperative findings. Margin convergence can
be utilized to approximate remaining rotator cuff tissue through side-to-side repair.
Subacromial decompression, including limited acromioplasty, may be warranted in
the presence of significant mechanical impingement. Finally, distal management of
the LHBT can be adjusted based on surgeon preference and patient-specific factors.
In some cases, the tendon is rerouted proximally for SCR while its distal portion is
left untouched, with no tenotomy or tenodesis performed. Alternatively, the tendon
can be transected just distal to its fixation point on the greater tuberosity, followed by
tenodesis using an interference screw or suture anchor to minimize the risk of distal
migration, muscle cramping, or cosmetic deformity.

5.3 Postoperative protocol

Postoperative rehabilitation following LHBT-SCR is designed to protect the graft
while minimizing the risk of shoulder stiffness. In the early postoperative period,
typically the first 6 weeks, the shoulder is immobilized in a sling to allow for initial
healing. During this time, only limited passive range of motion is permitted, with
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gradual increases as tolerated. Rehabilitation exercises focus on pendulum move-
ments, gentle passive stretching, and scapular stabilization. Patients must avoid
active shoulder elevation, lifting, and any contraction of the biceps to prevent undue
stress on the repair construct. After sling discontinuation, typically beginning at

6 weeks, the patient transitions to active range of motion exercises in all planes. Light
strengthening of the remaining rotator cuff muscles is initiated while continuing to
restrict any biceps loading or heavy lifting. From 12 weeks onward, the rehabilita-
tion protocol progresses to a strengthening phase, during which full active range of
motion is maintained through ongoing stretching. Progressive resistance training is
introduced for the rotator cuff, and if the distal biceps tendon was preserved, light
biceps strengthening may begin. Overhead lifting of more than 10 pounds should still
be avoided until at least 16 weeks postoperatively to reduce stress on the reconstruc-
tion site. Beyond 20 weeks, patients begin activity-specific or sport-specific training.
Light recreational activities are generally permitted for 4 to 5 months, with a full
return to non-contact sports around 6 months. For those involved in contact sports or
physically demanding occupations, return to full activity is typically delayed until 6 to
9 months postoperatively, based on individual recovery and functional readiness.

5.4 Tips and pitfalls

Optimal tension management is essential during LHBT-SCR. Excessive ten-
sion can limit shoulder mobility, while insufficient tension may lead to persistent
superior migration of the humeral head. The graft should be tensioned adequately
to prevent sagging while allowing full passive motion. Tension should be assessed
arthroscopically by observing the behavior of the graft during manipulation of the
joint. Throughout the procedure, care must be taken to minimize graft handling
with instruments to avoid mechanical damage. When preparing the neo-groove on
the lateral aspect of the greater tuberosity, care must be taken not to over-deepen it,
as this may compromise bone integrity and reduce the security of fixation. Anchors
should be appropriately sized according to the patient’s bone quality, and their stabil-
ity should be confirmed before graft fixation to ensure reliable mechanical support.
Additionally, if intraoperative assessment reveals inadequate LHBT quality, the
surgeon must be prepared with a backup plan, including the use of an allograft or par-
tial rotator cuff repair. Repair of the remaining rotator cuff tendon is strongly recom-
mended, as it enhances the stability of the construct, provides additional biological
coverage over the graft, and facilitates healing. The subscapularis tendon, in par-
ticular, should not be overlooked, as its integrity is critical for maintaining anterior-
posterior force coupling. Even when other portions of the cuff are irreparable, proper
restoration of the subscapularis is essential for preserving shoulder mechanics and
achieving favorable clinical outcomes. Postoperative rehabilitation should be custom-
ized based on intraoperative assessment of tissue quality and the overall security of
graft fixation to optimize recovery and functional outcomes.

6. Conclusion and clinical implications

LHBT-SCR offers a practical, biologically favorable, and cost-effective solution for
managing massive, irreparable posterosuperior RCTs. This technique utilizes autolo-
gous tissue readily available within the surgical field, thereby eliminating the need
for allograft or additional donor site morbidity. Biomechanically, the LHBT provides
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sufficient integrity to support the joint’s stabilizing architecture while preserving
kinematics. When used as a pedicled graft, its preserved vascularity may promote
biologic incorporation and enhance healing potential.

Early clinical results have demonstrated meaningful improvements in pain relief,
range of motion, and functional scores—outcomes that are often comparable to
those achieved with more complex or costly reconstruction techniques. However, the
success of LHBT-SCR depends critically on proper patient selection, particularly in
ensuring the presence of an intact subscapularis tendon and structurally viable LHBT
tissue. Notably, grafts with partial tearing greater than 50% have been associated with
inferior outcomes, highlighting the importance of careful intraoperative assessment.

The evolving role of LHBT-SCR reflects a broader paradigm shift toward bio-
logically sound, joint-preserving approaches in shoulder reconstruction. Future
prospective trials should prioritize stratifying outcomes by tendon integrity, tear
configuration, and subscapularis status, while also evaluating long-term cost-effec-
tiveness and durability in diverse healthcare settings.
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Abstract

Total shoulder arthroplasty (TSA) is an effective treatment option for a broad
spectrum of shoulder pathologies ranging from arthritis, osteonecrosis, fracture or
rotator cuff dysfunction. Patients consenting to TSA are seeking improvement in
shoulder pain, function and desire to maintain an active lifestyle. The level of activity
in patients undergoing TSA varies significantly; from the patient who wishes to be
able to garden to the patient who wishes to continue competitive weightlifting. While
return to sport following total hip and total knee arthroplasty is more established, less
evidence exists surrounding TSA. Return to sport rates are promising for anatomic
total shoulder arthroplasty (aTSA), being reported as high as 75-100%. This rate
however may vary significantly based on the sport and patient. Return to sport rates
vary between aTSA, hemiarthroplasty (HA) and reverse total shoulder arthroplasty
(rTSA). While most surgeons allow return to low-impact activities such as swimming,
biking, or golf, there is less agreement in return to higher impact activities such as
contact sports, rowing or weightlifting. Higher impact sports place more mechani-
cal stress across the rotator cuff and prosthesis, placing patients at a higher risk for
complications. Regardless, surgeons agree that return to sport following TSA is within
the realm of possibility and individualized treatment plans should be tailored for each
patient.

Keywords: return to sport, glenohumeral arthritis, total shoulder arthroplasty, athlete,
weightlifter, post-operative restrictions

1. Introduction

The incidence of total shoulder arthroplasty (TSA) is rising in the United States as
patients seek options to treat painful shoulder arthritis and maintain healthy, active
lifestyles [1-9]. Shoulder arthroplasty implants are now in their fourth generation
with widespread reported good to excellent results achievable after surgery. Patients
undergoing TSA seek pain relief and functional improvement. As outcomes continue
to improve, so too do patient’s expectations after surgery. Many patients now wish to
return to sport (RTS) following TSA, which has been reported to be as high as 64% of
patients [10].
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Return to sport is a significant outcome for a subset of active patients. Studies have
demonstrated that most patients can expect to RTS, and that greater than 70% of
patients can return at an equal or improved level of competition [4]. However, these
numbers historically have been tied to more elderly patients participating in lower
intensity sports, such as golf or cycling, and patient satisfaction is less predictable
in younger, more active patients, despite similar functional outcomes and high rates
of RTS [1]. A paucity of literature exists regarding outcomes in specific cohorts with
very high demand athletic activity, such as weightlifters.

Surgeons’ restrictions vary for return to sports following shoulder arthroplasty.
Surgeons have been unable to reach a consensus for recommendations on return to
multiple sports including baseball/softball, lacrosse, rowing, soccer, and weightlifting
[6]. A survey of international surgeons was conducted, and revealed that 57% recom-
mended against weightlifting after anatomic TSA, and 82% recommended against
lifting following reverse TSA [7]. Against surgeon recommendations, high-level
postoperative athletic activity, including weightlifting, has been described [3, 11-14].

The ideal surgery for the younger, active patient with glenohumeral arthritis and
an intact rotator cuff has been a debate for decades. Hemiarthroplasty (HA) was once
viewed as the safer option, as glenoid loosening leading to difficult and lesser out-
come revision surgery was a feared complication of aTSA. However recent evidence
suggests this historical dogma no longer applies. While both surgeries have proven to
create significant improvements in pain and function from preoperative levels, com-
paratively patients have experienced improved satisfaction and return to sport rates
following aTSA [1, 3]. Additional studies have eluded to improved longevity, lower
revision rates [15] and lower overall cost [16] following TSA versus HA. Although
glenoid loosening remains the leading cause of revision total shoulder arthroplasty
[17], the overall reported rate remains low (1.9% of aTSA) and [3, 10, 11, 14, 18, 19]
medium-term studies and meta-analyses [1, 2, 4, 8, 15] have shown little to no glenoid
failure even in more active patients. The most modern implants have been designed
with new strategies to reduce glenoid loosening through a partial inlay design.

This chapter will present the current literature around overall return to sport rates
following TSA with a focus on aTSA, sport specific evidence and expert opinion,
return to sport rates between the different kinds of TSA (aTSA), HA and reverse total
shoulder arthroplasty (rTSA) and briefly discuss glenoid loosening as it relates to
return to sport.

2. Return to sport following total shoulder arthroplasty

Shoulder arthroplasty, including Anatomic Total Shoulder Arthroplasty (aTSA),
Reverse Total Shoulder Arthroplasty (rTSA), and Hemiarthroplasty (HA), aims at
alleviating pain and restoring function in patients with severe shoulder joint pathol-
ogy. The indications for the procedure (i.e. arthritis, fracture, tumor, etc.), type of
shoulder arthroplasty performed, the patient’s preoperative activity levels, and the
specific demands of the sport play crucial roles in determining the likelihood and
timeline for returning to sports. Both HA and aTSA are indicated in patients with
shoulder osteoarthritis and intact rotator cuff function. Surgeons have expressed
confidence in allowing patients to return from sport following both aTSA and HA,
and with less confidence rTSA [5-7]. Both provide pain relief and a relatively high
rate of RTS. For many patients undergoing TSA, the ability to return to sports and
recreational activities post-surgery is a significant concern [10]. Return to sport rates
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are multifactorial and depend on patient age, prior activity level, which sports they
wish to return to and surgeon comfort in allowing return to said sport. There is no
one-size-fits-all approach, and it is in the best interest of the patient and surgeon to

provide full disclosure and realistic expectations prior to undergoing a major proce-
dure like TSA.

2.1 Rehabilitation protocols

Returning to sport following TSA is a gradual, patient-specific process that begins
with a structured rehabilitation protocol requiring a collaborative effort between
the surgeon and physical therapists. Multiple different rehab protocols published by
multiple institutions are available online, however significant variance [20] occurs
between these protocols. A consensus currently does not exist on the timing of initia-
tion of physical therapy following TSA. The American Society of Shoulder and Elbow
Therapists (ASSET) produced a set of recommendation guidelines following aTSA
based on three 6-week intervals which are summarized later in this section [21].

Operative factors including implant selection, the quality of bone stock, the man-
agement and quality of repair of the subscapularis and biceps tendon may contribute
to variance in rehabilitation protocols. Communication between the surgeon, patient
and physical therapist throughout the rehab process is crucial for successful recovery.
Overprotection may lead to stiffness while overly aggressive protocols may compro-
mise healing and result in poor outcomes. This specifically applies to external rotation
(ER). Although no differences in clinical outcomes have been demonstrated between
subscapularis peel, tenotomy and lesser tuberosity osteotomy [22], surgeon-specific
protocols to allow for healing may differ and should be communicated.

Phase 1 of the ASSET guidelines encompasses the immediate post-op period from
post-op day #1 to post-op week #6. This phase focuses on pain control, protection of
the implant and allowing for the healing of soft tissues. Patients should remain non-
weightbearing in the operative extremity. Patients should avoid active motion of the
glenohumeral joint, while active scapular retraction and active motion of the elbow
and wrist are permitted. Patients should remain immobilized in a sling or shoulder
immobilizer with an abduction pillow 24/7, only to remove for home exercises and
hygiene. 59% of surgeons surveyed recommended 4 weeks of immobilization, while
24% recommended 6 weeks. The minority recommended 2 weeks or no sling at all
[21]. Home exercises consist of pendulum exercises (Figure 1) and passive range of
motion (PROM) in forward flexion and ER. While specific limits vary, the ASSET
guidelines recommend limiting forward flexion to 120° and external rotation to 30°
[18]. Non-impact activities such as walking or stationary biking are permitted once
the incision has healed. Patients may progress to Phase 2 once their incision is healed,
pain is well controlled and cleared by their surgeon.

Phase 2 occurs from 4 to 6 weeks post-op until 12 weeks post-op and centers
around optimizing PROM, developing active range of motion (AROM) and strength-
ening the periscapular muscles, rotator cuff and deltoid through AROM exercises
against gravity only (Figure 2). Once PROM goals are met, patients are encouraged to
begin AROM with forward flexion, ER and internal rotation (IR). ER and IR exercises
are performed in the seated and side lying positions. ER and IR exercises are begun
with the shoulder adducted against the body with gradual progression of shoulder
abduction to 90°. Scapular protraction and retraction exercises against gravity are
permitted. Aerobic activities and lower body weight training are allowed in this phase
so long as no upper extremity resistance is involved (i.e. using the arm on an elliptical
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Figure 1.
Pendulum exercises to be performed in phase 1 of rehab.

Figure 2.
External and internal rotation exercises against gravity.

machine). Patients progress to Phase 3 once pain-free AROM against gravity equals
PROM and both patients and surgeons are comfortable with progressing to higher
levels of activity beyond activities of daily living.

Phase 3 generally begins at 12 weeks post-op and centers around strengthen-
ing, patient and sport specific demands. The goals of this phase are to gradually
increase strength of the deltoid, rotator cuff, biceps and periscapular muscles
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leading to functional mobility and pain-free use of the shoulder. Exercises
employed in this phase include gentle stretching, strengthening with light resis-
tance such as bands (Figure 3), weights and machines. Shoulder specific exercises
are kept in the anterior and frontal plane. Overhead exercises should be avoided.
Closed chain exercises such as planks may be resumed. Return to low-impact
sports may be introduced in this time period. This includes golf, swimming and
jogging. However this should be introduced slowly and full return to sport should
be cautioned. Higher-load activities such as bench press should be avoided until at
least 6 months.

While return to sport is promising in patients undergoing TSA, most experts
would agree that return to full participation should be avoided until 3-6 months at
the earliest [5-7]. Following a structured rehab protocol and obtaining clearance by
the performing surgeon should be undertaken prior to return to sport.

2.2 Low-impact sports

Low impact sports include golf, bowling, rowing, cycling, swimming, yoga, and
running. Surgeons can feel confident allowing their patients to return following TSA.
Surveys conducted amongst orthopedic surgeons have concluded that the majority
are comfortable allowing patients to return to low-impact sports following aTSA. In
a survey of 94 surgeons >80% said they would allow their patients to return to sport
with golf, cycling, swimming and yoga being allowed by >90% of respondents [5].
Patients may begin sport-specific exercises as early as 3 months postoperatively in
most scenarios, but patients should be educated that full return to sport may not
occur until 6-12 months [2, 18].

Figure 3.
Light resistance band exercises to begin strengthening.
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Overall, return to full participation in low-impact sports is promising follow-
ing aTSA with 75-100% of patients returning to sport [2-4, 10, 18]. Historically,
the majority of patients who undergo aTSA are able to return to low impact sports
at a similar or even improved level of play. Jensen et al. [23] followed 23 patients
who wished to return to golf following shoulder arthroplasty (20 aTSA and 6 HA).
Average time to return to playing a full round of golf was 4.5 months and 18 patients
were able to improve by 5 strokes compared to their preoperative handicap. McCarty
etal. [10] reviewed a case series of return to sport in patients who underwent aTSA
and HA. Of the aTSA cohort, 44 of 54 (81.5%) returned to sport. They noted a 92%
return to fishing, 86% return to swimming, 75% return to golf and 60% return to
rowing/kayaking. Average time to partial return was 3.6 months and full return was
5.8 months. Days active increased from 0.7 to 1.7 days from pre to post-op. Bulhoff
etal. [19] reviewed 87 patients (mean age 71 years old, mean follow-up 6.2 years) who
were participating in sports within 5 years of their aTSA. The most popular sports
in their cohort were swimming, tennis, fitness activities and golf. They found 90%
of patients in this cohort returned to sport. This number increased to 100% in the 57
patients who were active in their sport immediately prior to their aTSA. Schumann
etal. [24] reported 89% (49 of 55) patients were able to resume playing sports at an
average follow-up of 2.8 years, however 36.7% were limited by their shoulder. Of
note, a significant improvement in performance was noted by the golfer cohort in
their study.

Return to low demand sports following aTSA appears promising. Increased chance
of return to full sport is seen in patients who have a higher level of function prior
to surgery, higher levels of motivation to return to sport, and adhere to their post-
operative rehab protocols. Although a return to low-impact sports is likely following
aTSA, surgeons must counsel their patients that return to an equal or improved level
of sport is not guaranteed.

2.3 Racket, overhead and high-load sports

Return to racket sports, including tennis, squash, racquetball and pickleball, over-
head sports, including baseball, softball and volleyball, and high-load sports like rock
climbing following aTSA presents an interesting clinical problem for the surgeons.
These sports place more stress across the rotator cuff and prosthesis and require
greater ranges of motion than golf or running. Racket sports offer numerous health
benefits and are increasingly popular. Over 21 million people participate in racket
sports and an estimated 37% are over the age of 60 [14]. With the growing interest
in racket sports, surgeons performing TSA must be prepared to answer questions
regarding return to play.

Most of the evidence regarding aTSA and racket sports is composed of Level
IV or V evidence and literature reviews. A survey of 35 members of the American
Shoulder and Elbow Society (ASES) regarding which sports would be either
Recommended/Allowed, Allowed with Experience, or Not Recommended. If
<79% consensus was reached, the sport was given a “No Conclusion” recommen-
dation. Doubles tennis was “allowed”, while no conclusion was reached on singles
tennis [6]. A survey of 101 experienced shoulder surgeons (47 North America, 52
Europe, 1 Asia, 1 South America) in 2011 reached consensus on singles, doubles
tennis and racquetball being “allowed with experience” following aTSA [7]. A
survey of 94 members of the ASES in 2012 found that over 75% of responders
would “allow” tennis, racquetball and squash following TSA [5]. Based on survey
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responses, it would appear that surgeons are becoming more comfortable with
their patients participating in racket sports following aTSA.

Evidence presented from several case series following return to racket sports in
patients following aTSA is primarily positive. Mannava et al. [18] performed a case
series of patients attempting to return to sport following aTSA from 2005 to 2015. Of
the 20 patients whose preferred activity was “tennis/racquetball, overhead sports”,
50% were able to return to their previous level of competition, 28.6% reported to be
below their previous level and 21.4% were unable to return to play. A case series con-
ducted by McCarty et al. published in 2008 included 32 patients who wished to return
to tennis, racquetball or squash and noted a 75% return to play rate in this group
[10]. Garcia et al. [3] reported an 87.5% return to singles tennis and an 83.8% return
to “high upper extremity sports” in their case series of patients less than 55 years old
undergoing aTSA. Lastly, Vegas et al. [14] published a case series in 2023 of patients
returning to racket sports following shoulder arthroplasty and concluded that 96% of
their 26 aTSA patients were able to return to sport. Of these patients, 50% returned to
play at 6 months and 81% returned by 1 year. This study also highlighted that surgery
performed on the dominant arm may also play a factor in the return to sport perfor-
mance following shoulder arthroplasty. While no significant statistical difference was
noted, there was an increased percentage of patients who felt their overall perfor-
mance “improved” following TSA on their dominant arm. These findings support that
patients undergoing aTSA have a realistic chance at returning to racket sports with
improvement in shoulder pain and function. However, additional recovery time prior
to play may be required for additional strengthening of the rotator cuff.

The literature on return to other high load upper extremity sports such as base-
ball, softball, volleyball and rock climbing is sparse and mainly confined to survey
studies and small samples within case series. The survey participants Healy et al. [6]
gave softball, baseball and volleyball a “no consensus” ruling while stating return
to rock climbing was “not allowed”. Magnussen et al. [7] also assigned volleyball,
baseball/softball an “undecided” ruling on return to play. Of note, the majority of
European surgeons in this survey voted “would not allow” while more American
surgeons leaned towards “allow with experience”. The results from Golant et al.

[5] were slightly more lenient towards baseball/softball (70% “allowed to return”)
than previous surveys, but remained consistent with prior surveys with uncertainty
surrounding volleyball (58.9-64.5% allowed to return) and rock climbing (46.4%).
Evidence from case series on throwing athletes following are limited. McCarty et al.
[10] noted only 2 of 10 patients were able to return to softball following aTSA. More
research is required in this area to establish a true return to play rate for baseball or

softball. To the authors knowledge, no case series exists on return to rock climbing
following aTSA.

2.4 High-impact, contact sports

High impact sports include football, lacrosse, hockey, basketball and martial
arts. These activities carry a much higher risk of possible injury or prosthesis fail-
ure. Patients wishing to return to these activities need to be counseled extensively.
Literature around return to these activities following aTSA is limited. Surveys com-
pleted by Healy et al. and Magnussen et al. [6, 7] agree that return to hockey or foot-
ball following aTSA should “not be allowed” by the surgeon. The survey by Golant
etal. [5] expressed similar concerns with 49.1% of responders stating they would “not
allow” return to “contact sports” compared to only 8.2% that would “allow without
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restrictions” following aTSA. Basketball was viewed most favorably by the Golant
survey respondents, with 74.2% allowing return in some capacity. The case series by
Garcia et al. [3] echoed this sentiment with 75% (6 of 8) of patients ages less than 55
were able to return to play basketball. They concluded that “younger athletic patients
can return to a larger number and higher demand of sports than has been previously
described”. Further research into outcomes in high-demand, younger patients under-
going aTSA is required before any consensus can be reached on the safety of return to
contact sports.

2.5 Non-upper extremity sports with fall risk

Other sports yet to have been discussed are downhill skiing, snowboarding,
horseback riding, soccer, ice skating which have been classified as non-upper extrem-
ity sports with high fall risks. Counseling patients on return to these sports following
aTSA highlights the importance of approaching each patient’s needs on an individual
basis. For example, a patient who has never ice skated before and wishes to learn fol-
lowing aTSA carries a significantly high risk of injury compared to a seasoned hockey
player who would like to skate recreationally. The literature on return following aTSA
is again limited in these areas. In the opinions of shoulder surgeons, skiing, soccer and
skating carry the lowest risk upon return to sport following aTSA. The respondents
to the surveys conducted by Healy et al. and Magnussen et al. [6, 7] stated they would
“allow to return with prior experience” for those wishing to pursue skiing and ice
skating. The same respondents were “undecided” on snowboarding. The majority of
responders to the survey by Golant et al. voted in favor of allowing return in some
capacity to horseback riding (87.6%), ice skating (86.2%), skiing (81.2%), soccer
(71.3%) and snowboarding (58.2%). Of the 28 patients in the “snow sports” subgroup
of patients hoping to return to skiing, snowboarding and hockey in the case series by
Mannava et al. [18], 56.2% were able to return to their prior level of activity, 43.8%
were are to return to a lesser level of activity while 0% reported their were unable
to return however this was not specific to any single sport. While confidence seems
to grow with allowing experienced athletes to return to sport, surgeons may want to
have a thorough discussion with patients about their prior level of activity, anticipated
level of activity following aTSA and the inherent risks involved.

2.6 Weightlifting

Weightlifting finds a unique place amongst the sports that a patient may return to
following aTSA. Weightlifting places repetitive, high loads across the glenohumeral
joint. This elevates surgeon’s concerns for glenoid component failure and accelerated
component wear. The survey of international surgeons conducted by Magnussen et al.
[7] revealed that 57% recommended against weightlifting after anatomic TSA. This
is echoed by case series with “no heavy weightlifting” restrictions placed on patients
following aTSA [3]. Studies investigating return to weightlifting have been vague
with loose definitions including “fitness sports” or “resistance bands” and do not
offer much insight into those who wish to resume more strenuous forms of weightlift-
ing [25]. Recent literature has focused on high-demand weightlifters who represent
the upper extreme of this specific cohort of patients and those at highest risk of
complications.

The case series by Mannava et al. [18] included a cohort of 21 patients who par-
ticipated in “fitness / weightlifting” activities prior to surgery. The average age across
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their cohort was 64 years old with a mean follow-up of 3.7 years. Results from the
weightlifting cohort at final follow-up were 72.7% reporting an activity level “com-
parable with preoperative level of activity”, 18.2% reporting an activity level “below
preoperative level of activity” and 9.1% reporting they were “unable to participate”
The case series conducted by Wang et al. [26] reported 19 of 27 (70%) patients were
able to return to sport following aTSA, of which 7 patients returned to weight lifting.
Six of the 7 patients reported they were active 1-3 times per week while the remaining
patient was active in weightlifting 4-7 times per week. Unclear from this case series is
how many weightlifting patients specifically were unable to return to sport following
aTSA, and what degree of weightlifting was occurring.

The most elucidating evidence on weightlifting comes from a cohort study by
Ames et al. [11] investigating the incidence of return to sport, patient reported
outcomes, patient satisfaction, performance, and failures in a specific population
of high demand weightlifters that continue lifting after undergoing total shoulder
arthroplasty. Patients were advised not to continue heavy lifting following aTSA,
however elected to proceed against surgeon advice. Heavy lifting was defined as
preoperative bench pressing >200 lbs. (males) or > 135 pounds (females); shoulder
press >200 lbs. (males); competing professionally in sanctioned events; and/or lifting
>3 days per week pre-operatively. Average age was 57.9 years and follow-up ranged
from 1 to 7 years (average 3.6 years). Of the 42 shoulders included in the study, 23
of 36 patients (63.9%) reported a return to weightlifting 75-minutes per workout
four times per week. The authors noted several important findings. First, there were
zero patients required revision surgery. Second, there was an overall lower return
to sport than previous case series reports of >70%. Third, the majority weightlifters
were approaching 50% of pre-symptomatic bench press maximum and > 90% of
pre-symptomatic latissimus pulldown maximum. Despite encouraging findings, the
authors do not recommend surgeons change the current practice of recommending
restrictions on weightlifting until further research is available. This would include
mid-term or long-term outcomes in this high-demand patient population or further
data on how weightlifting affects forces transmitted across implant interfaces. Lastly,
the authors caution surgeons to anticipate that highly active, high-demand patients
will likely attempt to return to sport against recommendations otherwise and may
require additional counseling after TSA.

2.7 Anatomic total shoulder arthroplasty versus hemiarthroplasty

When treating glenohumeral arthritis, both hemiarthroplasty and total shoulder
arthroplasty (Figure 4) have shown to be effective at managing pain and returning to
sport. Historically, hemiarthroplasty has been viewed as the preferred treatment for
younger, higher demand patients. Multiple survey studies have shown high levels of
confidence in both HA and TSA when allowing return to sport, with >75% of respon-
dents allowing return to sport for both patients, although respondents appeared more
confident with return to sport in the HA (87.2% vs. 76.5%) [5].

While surgeons may have more confidence allowing return to sport following HA,
literature appears to support that patients return to sport at a higher rate and more
functional with TSA versus HA. A literature review performed by Christensen et al.
[1] found a greater overall return to sport for TSA (57-96%) over HA (66-81%). An
additional literature review by Johnson et al. [2] found similarly higher rates of return
to sport following TSA (75-100%) over HA (67-76%). This has been confirmed in
retrospective cohort studies. Garcia et al. [25] reviewed return to sport in a matched
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Figure 4.
Anatomic total shoulder arthroplasty.

cohort of patients who underwent TSA and HA and found significantly increased
rates of return to sport in the TSA group (97.3% vs. 65.5%, p < .001), and return to
higher upper extremity sports (P = 0.01). Wang et al. [26] also noted a higher rate of
return to sport with TSA over HA (95% vs. 76%), the exception being in weightlift-
ing where a higher percentage of HA patients were seen (59% vs. 37%), however no
statistical analysis of significance was conducted. Other case series comparing the two
groups have found no difference in return to sport [10, 12].

Patient satisfaction and patient reported outcomes tend to favor total shoulder
arthroplasty over hemiarthroplasty in patients being treated for glenohumeral
arthritis with no rotator cuff tears. The same conclusions should not be extrapolated
to other indications for surgery. For example, a case control study comparing HA
vs. TSA noted the statistically significant improvements in flexion, abduction and
internal rotation, however the difference did not persist once patients who underwent
hemiarthroplasty for indications such as rotator cuff tear, neoplasia, osteonecrosis
and rotator cuff arthropathy were removed from the analysis [12]. The matched
cohort study of patients with glenohumeral osteoarthritis found significant improve-
ments in satisfaction with surgery (100% vs. 70%, p = .01) and satisfaction with sport
(94.5% vs. 58.6%, P < .001) with TSA vs. HA [25]. The case series of patients being
treated for osteoarthritis noted significant improvements in ASES in TSA patients,
but no difference in SANE scores [26]. A large retrospective cohort conducted in the
United Kingdom [27] reviewed patient reported outcomes using the Oxford Shoulder
Score (OSS) in patients who underwent HA or TSA for osteoarthritis with intact
cuffs. While both groups experienced a statistically significant from pre-op scores to
6-months, there was a statistically significant improvement in OSS favoring TSA over
HA at 6-months. At 5-years, the mean OSS for TSA was 39.6 versus 32.6 for HA out of
a possible score of 48. A more favorable OSS for TSA was also noted in patients under
the age of 60 at 6 months post-op (TSA 37.1 +/— 9.8, HA 31.9 +/—11.7). Lastly, a large
meta-analysis of patients undergoing HA vs. TSA for glenohumeral osteoarthritis
with intact rotator cuffs demonstrated a significant mean improvement in patient-
reported outcomes in TSA over HA [15]. They also found a 2-fold increase in revision
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surgeries required for patients who underwent hemiarthroplasty (relative risk = 2.09,
p = .01). This is consistent with prior studies investigating the longevity between HA
and aTSA [1, 28]. They conclude TSA is favored over HA in terms of clinical outcome,
risk of revision surgery and complications.

When selecting the operation best suited for a patient with glenohumeral arthritis
and an intact rotator cuff, total shoulder arthroplasty appears to be the superior
option over hemiarthroplasty. TSA shows increased return to sport rates and patients
satisfaction. The optimal choice remains a patient-specific decision that depends on
multiple factors including patients’ age and activity demands, presence of glenoid
arthritis as well as surgeon preference in their desire to preserve the glenoid or
confidence with either procedure. HA and TSA can both provide patients with pain
relief and return to certain sports at excellent rates. Both procedures come with their
own drawbacks: HA can produce glenoid erosion and does not address glenoid-sided
arthritis which may lead to incomplete resolution of symptoms while TSA may lead to
glenoid component loosening and less bone stock for revision procedures if necessary.
With improvements in glenoid technology and low rates of loosening data, newer
data suggests that TSA may actually be appropriate for the younger, higher demand
patient. Surgeon’s should always caution patients about these risks of either procedure
and patients involved in high-demand activities such as heavy weightlifting should
understand that a return to pre-symptomatic level of participation may not be fea-
sible, but advise that symptom relief and return to sport is likely following shoulder
replacement.

2.8 Anatomic versus reverse total shoulder arthroplasty

Deciding between anatomic and reverse total shoulder arthroplasty generally
boils down to the status of the patient’ rotator cuff. RTSA was previously viewed as a
salvage operation to assist with pain and overhead function in lower demand patients.
Today, rTSA is gaining popularity and is the treatment of choice for patients with
glenohumeral osteoarthritis and irreparable rotator cuff tears. Hemiarthroplasty may
also be considered for patients with osteoarthritis and an irreparable rotator cuff. A
non-functional rotator cuff is a contraindication to anatomic total shoulder arthro-
plasty as it leads to altered glenohumeral biomechanics, eccentric wear of the glenoid
component. Patients undergoing rTSA are typically older than patients undergoing
HA or aTSA and presumably have different activity level demands which may influ-
ence their rates of return to sport. Ultimately, rTSA is biomechanically different from
HA or aTSA. It is semiconstrained and experiences unique forces at the joint as well as
prosthesis-bone interface. Return to sport theoretically raises concerns about loss of
fixation, accelerated wear, instability, deltoid fatigue, and acromial stress fractures.

Although consensus does not exist on protocols or which sports are acceptable fol-
lowing reverse total shoulder arthroplasty, overall this has been viewed cautiously by
surgeons. In the survey conducted by Golant et al. [5], return to all sports was allowed
by only 45.2% of respondents, compared with 76.5% and 87.2% for ATSA vs. HA
respectively. Return to low-load sports (golfing, cycling, swimming, yoga) following
r'TSA was allowed by 72.2% of surgeons, whereas high-load (racket sports, softball/
baseball, weightlifting, rock climbing and volleyball) were only allowed by 36.1% of
respondents. This may reflect the lack of long term experience with rTSA as well as
perceived high rate of complication.

This sentiment has been challenged by recent literature. Return to sport rates fol-
lowing rTSA have been reported to be between 60 and 86% [1]. A meta-analysis [8]
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comparing return to sport rates following aTSA vs. r'TSA found a significantly lower
return to sport rate for rTSA (77% vs. 90%, p < 0.01). A retrospective cohort study
by Liu et al. [4] compared return to sport rates for patients with osteoarthritis and
concomitant rotator cuff dysfunction who underwent either HA or rTSA. They found
higher overall rates of return to sport in rTSA patients (85.9% vs. 66.7%, P = 0.154).
They also found a significantly improved rate of return for rTSA versus HA for

age < 70 years (96.8% vs. 65.0%) and when surgery was performed on the dominant
extremity. A case series by Simovitch et al. [29] examined return to sport following
r'TSA in elderly patients with mean age 73+/— 7.2 years old and mean follow-up of
43+/— 12 months. They concluded a return to sport rate of 60% (40 of 67 patients).
All patients had significant improvement in patient reported outcomes and range of
motion. Seventy-three percent reported participating in more than one sport. Twelve
patients (30%) performed at a higher level while 65% performed at the same level.
They noted a 7% complication rate and 5% reoperation rate (1 P. Acnes infection

and 1 dislocation while using the toilet). There were no patients who had component
loosening and there were no unique failure modes identified. They concluded rTSA in
senior athletes lead to significant clinical improvement without failure in short-term
follow-up but recommended long-term studies with sport-specific stratification.

A case series of patients who wished to return to racket sports prior to undergoing
TSA or r'TSA found an 80% return to sport rate in the rTSA group with no differ-
ences in amount played, range of motion, forehand, backhand or serving abilities
when compared to aTSA [14]. Although promising, the rTSA cohort only included

13 patients. While aTSA appears to have the best rates of return to sport, reverse total
shoulder arthroplasty is an acceptable option for elderly patients who wish to return
to low-demand activities.

3. Complications following anatomic total shoulder arthroplasty

Complications following anatomic total shoulder arthroplasty include rotator
cuff tears, subscapularis failure, aseptic glenoid or humeral component loosening,
infection, instability, fracture or prolonged pain. Glenoid loosening is one of the
most cited reasons for failure of aTSA. Fear of glenoid component failure drives the
recommendation to restrict high demand activities in TSA patients. A large retrospec-
tive cohort study published in 2020 of 2224 aTSAs performed in the US and Europe
utilizing a single implant identified 239 adverse events (10.7%) and 124 revisions
(5.6%) [17]. The most common complication identified was subscapularis failure/
rotator cuff tear (69 patients, 3.1% rate of all aTSA), resulting in 42 revision surgeries
(1.9% of total cohort, 33.9% of all revisions). Glenoid loosening was identified in 55
patients (2.5% of total cohort) of which 42 required revision making it the most com-
mon cause of revision surgery (1.9% of cohort, 34.7% of revisions). The mean time to
identification of glenoid loosening was 55.8 +/— 45.1 months. This study was strictly
investigating numbers and rates of complication and did not mention activity level or
participation in sports.

While glenoid loosening is the most common cause of revision surgery, multiple
case series with short to medium term follow-up do not support this claim. Ames et al.
[11] demonstrated no patients requiring revision TSA and no evidence of glenoid
loosening at 3.6 year follow-up in a high-demand cohort of athletes. In a study by
Garcia et al. [3] evaluating RTS in patients <55 years old undergoing TSA, there
were high rates of return to fitness and high demand sports and at average 61-month
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Figure 5.
Intraoperative view of glenoid exposure.

follow-up no patients required glenoid component revision. Another study by
Shimada et al. [30] evaluated 90 shoulders (60 underwent rTSA). This study found
only one developed glenoid component loosening at midterm follow up despite high
return to sport rate. A case series by Yalcin et al. [13] on 16 elite weightlifters, 17
shoulders, treated for osteoarthritis using a novel aTSA implant consisting of a nons-
pherical humeral head and inlay glenoid replacement showed zero revision surgeries
at 38 months f/u. Fifteen of sixteen patients returned to same or heavy weightlifting
post-operatively (94%).

Attention to the patient’s anatomy, a thorough review or preoperative imaging,
meticulous planning and proper intra-operative technique allowing proper glenoid
exposure (Figure 5) is paramount, especially in higher demand athletes. Surgeons
should avoid over medialization and excessive retroversion. Implants should obtain
near full backside support and if positioned in too much retroversion or superior
inclination risk edge loading [31]. Newer glenoid designs, such as posterior augments,
peg design or inlay/inset, should be familiar to the surgeon and utilized when appro-
priate. Future studies are required prior to making recommendations on the superior-
ity of one design in terms of glenoid loosening.

Without long term radiographic follow-up, the authors do not recommend chang-
ing practice. While caution is still advised with returning to higher demand activities
like heavy weightlifting, the current data highlights the positives of modern fixation
techniques. Long-term studies evaluating the durability and survivorship of TSA in
younger patients and high demand athletes should be conducted. Further studies may
help surgeons educate patients and allow discussion regarding return to sport after
shoulder arthroplasty.

4, Conclusions

Anatomic total shoulder arthroplasty (aTSA) is becoming an increasingly common
method of treating glenohumeral arthritis in younger patients with intact rotator
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cuffs. The patient population undergoing aTSA has evolved into people who are not
just hopeful for pain control, but to return to an active lifestyle. Return to sport rates
in lower demand sports in recent literature has been very promising, with rates rang-
ing from 75 to 100% being reported [1-4]. Return to sport rates and patient satisfac-
tion appear to favor aTSA over hemiarthroplasty (HA), however HA is appropriate
under certain indications. Increased rates of return to higher demand sports such as
tennis and weightlifting have also been seen in newer literature, however surgeons
agreed that these activities should be approached cautiously and on a case-by-case
basis. A consensus on recovery protocol following surgery does not currently exist,
but the literature generally supports a few key points: (1) Extremes of passive external
rotation should be avoided early on; (2) return to sport should only be considered
once a patient has met their goals for range of motion, strength, and painlessly
execution of sport-specific activities; and (3) return to sport should be avoided until
3 months after surgery. While revision rates for aTSA remain relatively low (5.6%)

[17] and glenoid loosening rates may be declining due to improved surgical techniques
and improved technology, patients who wish to undergo total shoulder arthroplasty
should be counseled thoroughly on them prior to surgery. Further investigation into
return to high-demand sports and glenoid component loosening in athletic popula-
tions following total shoulder arthroplasty is necessary to strengthen these findings.
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healthcare professionals managing the full spectrum of shoulder pathology in today’s active
population. This volume integrates evidence-based conservative management with the
latest surgical interventions, providing orthopedic surgeons, sports medicine physicians,
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recognizing that successful treatment requires addressing not only biomechanical deficits
but also neuromuscular control, psychological factors, and individual patient goals. From
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combining established principles with innovative approaches to meet the evolving demands
of contemporary orthopedic and sports medicine practices.
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